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Abstract. Lahjie AM, Lepong A, Simarangkir BDAS, Kristiningrum R, Ruslim Y. 2018. Financial analysis of dipterocarp log production
and rubber production in the forest and land rehabilitation program of Sekolaq Muliaq, West Kutai District, Indonesia. Biodiversitas
19: 757-766. The Dayak community of East Kalimantan in the last decade has begun to develop production systems that integrate forest
timber tree species into plantation commodity enterprises. They have become aware that the natural forest species of their surroundings
such as Meranti (Shorea sp.) and Kapur (Dryobalanops aromatica) are often easier to exploit economically, and represent potentially
cheaper investments, than are introduced plantation crops such as rubber (Hevea brasiliensis). This is because the price of rubber latex
has decreased over the years and has ceased to give a financial return commensurate with the investment required to develop rubber as a
monocrop. The research described in this paper aimed to evaluate the viability of a dipterocarp forest/rubber plantation system cultivated
by people in the West Kutai District of East Kalimantan. The viability of the system was evaluated by (i) measuring its production of
dipterocarp logs and natural rubber; (ii) determining the diameter distribution of its dipterocarp trees and (iii) assessing the financial
feasibility of the dipterocarp/rubber system using the theories of increment production and basal area applied to the determination of Pay
Back Period, Net Present Value (NPV), Net Benefit Cost (B/C) ratio and Internal Rate of Return (IRR). The research areas on which the
evaluation was performed consisted of (1) a mixed population of Shorea spp. (Meranti) and rubber (Hevea brasiliensis) and (2) a mixed
population of Dryobalanops aromatica (Kapur) and rubber. The growth analysis of Shorea spp. combined with rubber as well as D.
aromatica combined with rubber at the planting distance of 5m x 5m showed that the maximum cycle was reached at the age of 40
years. Whereas the rubber trees in monoculture cultivation reached their maximum cycle at the age of 17 years. The optimum increment
of MAI and CAI of Shorea spp. combined with rubber reached 3.61 m3 ha-1 year-1 and 3.62 m3 ha-1 year-1 respectively. The maximum
increment of MAI and CAI of Dryobalanops aromatica combined with rubber reached 3.09 m3 ha-1 year-1 and 3 m3 ha-1 year-1
respectively.
Keywords: Dipterocarp, financial analysis, rehabilitation

INTRODUCTION
The natural resources of a country are of a vital asset in
providing the foundation for the infrastructural and
economic development of its people. However,
development of such natural resources cannot altogether
escape negative consequences for the natural environment
and social well-being of communities dependent on it.
Economic exploitation of natural forest resources, the
conversion of forest into cultivated land, and water
pollution arising from clearing of forest canopies lead to
long-term environmental problems. Moreover, such land
utilisation practices are often achieved at the expense of a
labour force subject to poor working conditions, low wages
and human rights violations (Sitepu et al. 2016). These are
problems of major significance that need careful resolution.
The world requires sustainable forest management as a
guarantee of safe supply of timber and of environmental
services. Environmental services that result from
sustainable forest management include flood buffering,

carbon sequestration, wildlife habitat protection, and safe
shelter for forest-dependent human populations (Canadell
and Raupach 2008; Chao 2012; Putz et al. 2008; Putz et al.
2012). Forest protection of human populations is not an
easy thing especially in locations where poverty prevails
and cash income is minimal. Because forest timber is a
very valuable cash crop commodity, in developing
countries there is a strong incentive for illegal logging
sponsored by timber traders. Law enforcement is often
weak in such cases. (Laporte et al. 2007; Poulsen et al.
2011; Laurance et al. 2009). Apart from the direct
destruction of forest caused by such illegal logging, the
transport roads and skid trails made by forest companies
also hinder the natural movement of wildlife in the forest,
especially small animal species. That is a significant cause
of ecological change (Laurance et al. 2009). For large
vertebrate animals, the opening up of the forest caused by
logging, makes them more vulnerable to local hunters
searching for animal protein as well as to hunters from
logging companies (Bennet and Gumal 2001). Guided
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hunting is still common, and is difficult to monitor
(Meijaard et al. 2005; Poulsen et al. 2011). These hunting
activities are supported by local communities and forest
companies who are often involved in the live animal trade
supplying wild animal protein. All these unregulated
impacts on native forest ecosystems pose a severe threat to
sustainable forest production from protected areas
(Meijaard et al. 2005; Wilcove et al. 2013).
The proportion of trees injured because of felling
activity in some concessionaires can be substantial. The
amount of damage depends on the heights of the trees, the
size of their crowns and the topography. Mono-cable winch
systems mostly damage Shorea johorensis trees, followed
by Shorea assamica, Shorea pinanga and Dipterocarpus
spp., whereas bulldozer systems mostly damage Shorea
laevis, followed by Dipterocarpus spp. (Ruslim 2011;
Ruslim et al. 2016).
In the last decade, the Dayak community has started to
develop enterprises based on combination of timber forest
species with plantation commodity species. They have
realized that the forest resources existing around them are
easy to develop and investment in them is cheaper
compared to investment in plantation production (Muliadi
et al. 2017). The price received for natural rubber has been
decreasing from year to year and has not been commensurate
with the investment spent on plantation development.
Forests play very important roles in sustaining the
environment (Gὂrner and Seeland 2002). Forests serve
various functions, such as production forest, protected
forest, conservation etc. Based on the long-term forestry
development strategy, the government has sought to
optimize returns from unproductive forests by utilizing
them for plantation forests (Prasetyo et al. 2014). This
strategy has been able to attract a lot of investors because
plantation forests have high economic value (benefits).
Plantations are generally managed by private
entrepreneurs, with the government only acting as a
regulator (Anjasari 2009).
Society’s need for wood tends to increase from year to
year, while the stock of wood from natural sources in
recent decades has been decreasing. The analysis shows the
national demand for logs used in processed wood
commodities such as woodworking timber, blockboard,
veneer, chip wood, pulp, except plywood (Widyanto et al.
2014) increased up to the year of 2014 (the period when the
analysis ended) reaching 115,633,444 m3 year-1. On the
other hand, the stock of logs was only 13,873,734 m3 year-1
trending downwards. Wood product consumption will keep
increasing, thus a method to reduce wood harvesting from
native forest has become essential if the biodiversity of
tropical forests is to be preserved (Ruslim et al. 2016).
The program of NMLR (the National Movement of
Land Rehabilitation) conducted in 2005 in West Kutai
District, of East Kalimantan, aimed to utilize some types of
indigenous tree species - Shorea spp., tengkawang,
mirabow wood, agarwood, durian and rambutan (Fujiki et
al. 2016) - for planting on the critical land. An area of
1,061,777 ha in West Kutai District was targeted for
planting in this way according to Sunandar (2005) and
Kettle (2010).

The development of dipterocarp and rubber for the
purpose of land and forest rehabilitation is similarly
expected to give economic and ecological benefits
(Majuakim and Kitayama 2013; Susanti and Maryudi
2015). These types of developments are considered to be
environment-friendly. However, the cultivation of
dipterocarp trees is an investment that needs a long period
of time to produce an economic benefit, so it is necessary
to carry out a financial analysis to see whether the
investment is justified (Manuri et al. 2017; Widiyanto et al.
2014).
Thus, the research we report here had the objective of
performing a financial analysis of the program of land and
forest rehabilitation involving a combination of dipterocarp
log production with rubber production in Sekolaq Village,
West Kutai District. The research was conducted to see if
this system of land-use can give economic benefits in the
short-term and social and ecological benefits in the longterm. Financial investment criteria were used to assess the
feasibility of further business investment in such
enterprises (Osone et al. 2016).
MATERIALS AND METHODS
This research was located in Sekolaq Muliaq Village,
Sekolaq Darat Sub-district, West Kutai District, East
Kalimantan, Indonesia. This location was selected because
since 2013 there has been a government program (Ministry
of Forestry) which promoted in the area called the National
Movement for Forest and Land Rehabilitation, abbreviated
in the Indonesia language as GN-NMLR (Ministry of
Forestry 2009). The majority of people involved in this
program cultivate Meranti (Shorea spp.) and Dryobalanops
aromatica (Kapur) as well as rubber as the plant species
used for forest and land rehabilitation. The study sites in
East Kalimantan were located at 015’ 25.49” S - 11546’
30.97” E (Figure 1).
Data collection
The study site contained dipterocarp species, namely
Shorea spp. (Meranti) and Dryobalanops Aromatica
(Kapur), in combination with rubber at fixed planting
distances (Winarni et al. 2017). Agroforestry cultivation
was applied, where the Shorea spp. was planted together
with rubber (Hevea brasiliensis) at the age of 3, 5, 8, 10, 20
and 25 years. The D. aromatica was planted together with
rubber at the age of 3, 5, 8, 10, 20 and 25 years. The pattern
of plant spacing of the Shorea spp. and D. Aromatica is
presented below as figure 2. An area with rubber trees in
monoculture cultivation was used as a comparison for test
the financial feasibility of the mixed system (Florian 2014).
Monoculture cultivation was planted by plant distance of
7m x 3m. The method used to collect data was systematic
random sampling. Although the pattern of planting was
applied for 0.5 ha land area, this study has analyzed wood
and rubber production by used 1 ha land area indicator. In
the field, tree stands of ages 30, 35, 40 and 45 years were
not available, so their characteristics were estimated
mathematically using simple linear regression (Dhakal et
al. 2015).
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Study site

Figure 1. Location of the study site in Sekolaq Darat sub-district (■), West Kutai district of East Kalimantan, Indonesia

Figure 2. Pattern of planting spacing between dipterocarp and rubber plantation

Estimation of potential logs
Potential logs were calculated by measuring the
circumference of the trees to estimate their diameters. The
tree circumference was measured at breast height (130 cm)
using a Phi-band. The tree height was measured by using
clinometers without measuring the horizontal distance,
with the help of a 4-meter long measuring rod placed
vertically on the tree trunk (Van Gardingen et al. 2003).
The tree volume was calculated using the following
formula:

In which: V = standing volume, d = diameter at breast
height (cm), h = tree height (m), f = form factor.
Other parameters for the trees were estimated according
to the following formulae:
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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.

Where: AP =average product, Pt = total production at
age t, t = tree age

Where: MP = marginal product, Pt = total production at
age t, Pt-1 = total production at age t-1, T = time interval
between each measurement age.
Diameter distribution of the trees was determined by
frequency distribution where the highest frequency of
diameter would exist around the central value (average) of
the stands and the frequency would decrease to larger and
smaller diameters according to a normal bell curve (Ma et
al. 2016). The criteria used in evaluating the business
feasibility were the parameters Net Present Value (NPV),
Net Benefit/Cost Ratio (B/C), and Internal Rate of Return
(Russel et al 2011; Graves et al. 2007) with the MAR value
of 5%. The Internal Rate of Return (IRR) is the 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:

of 40 years based on their life cycle. At age 40 years, the
maximum total volume (TV) would be 144.21m3 ha-1, with
an average tree diameter (d) of 32 cm and a branch-free
height (h) of 13 m. The estimated potential production of
Shorea spp. trees throughout their life cycle can be seen in
Table 1.
Table 1 shows that the diameter of Shorea spp.
combined with rubber, at the ages of 10, 30 and 40 years,
reached 9.4 cm; 25.5 cm and 32 cm respectively. This
means that the diameter accretion decreased to 0.94 cm
year-1; 0.85 cm year-1 and 0.80 cm year-1 respectively.
The total volume of Shorea spp. at the age of 10, 30, 40
years was estimated as 9.44 m3; 101.08 m3, and 144.21 m3
respectively. The values of MAI at the age of 10, 30 and 40
years were estimated at 0.94 m3 ha-1 year-1; 3.37 m3 ha1
year-1 and 3.61 m3 ha-1 year-1 respectively. The total
volume and the increment of Shorea spp. increased from
age 10 years to age 40 years because of its volume
accretion. However, it was simulated that after the age of
40 years the growth of Shorea spp. would decrease. This
means that the maximum increment would be achieved at
the age of 40 years so that at this age, Shorea spp. trees
would be ready to harvest.
The graph of Mean Annual Increment (MAI) and
Current Annual Increment of Shorea spp. wood over time,
based on the data in Table 1, is presented in Figure 3.
Table 1. Simulation of potential production of Shorea spp.
Year n
d
h
F
TV
MAI CAI
3
380
3
2
0.82
0.44
0.15
5
360
4.7
3
0.8
1.50
0.30
0.53
8
340
7.5
4.4
0.78
5.15
0.64
1.22
10
330
9.4
5.5
0.75
9.44
0.94
2.14
15
320
14
7.5
0.72
26.59
1.77
3.43
20
300
17.5
9.5
0.71
48.65
2.43
4.41
25
280
21.5
10.5
0.7
74.68
2.99
5.21
30
260
25.5
11.2
0.68
101.08 3.37
5.28
35
250
28.7
12
0.65
126.09 3.60
5.00
40
230
32
13
0.6
144.21 3.61
3.62
45
200
35
14
0.58
156.17 3.47
2.39
Note: n: the population of Shorea spp. (trees/ha); d: tree diameter
(cm); h: branch-free height (m); f: form factor; TV: total volume
(m3 ha-1); MAI: Mean Annual Increment (m3 ha-1 year-1); CAI:
Current Annual Increment (m3 ha-1 year-1)

In which: NPV1 = positive Net Present Value, NPV2 =
negative Net Present Value, i1 = interest rate when NPV is
positive, i2 = interest rate when NPV is negative.
RESULTS AND DISCUSSION
The potential diameter distribution and growth over
time of Meranti trees (Shorea spp.)
The planting distance of Shorea spp. cultivation was
400 trees per hectare and with 20% replanting. Shorea spp.
trees were planted in combination with rubber stands. The
results of measurement showed that the simulation of
maximum production of Shorea spp. was reached at the age

Figure 3. MAI and CAI of Shorea spp. wood up the age of 45
years
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Table 2. Diameter distribution of Shorea spp. trees (combined
with rubber trees) at the age of 40 years

Table 3. Simulation for potential production of Dryobalanops
aromatica trees

n

Y
n
d
h
f
TV
MAI CAI
3
380
3
1.8
0.82
0.40
0.13
5
360
4.5
2.8
0.8
1.28
0.26
0.44
8
350
7
4.0
0.78
4.20
0.53
0.97
10
330
8.5
5.0
0.76
7.11
0.71
1.46
15
320
12.5
6.5
0.72
18.37
1.22
2.25
20
300
16.3
8.0
0.7
35.04
1.75
3.33
25
280
20
9.6
0.69
58.24
2.33
4.64
30
260
24
10.6
0.68
84.74
2.82
5.30
35
250
27
11.5
0.66
108.59 3.10
4.77
40
240
29
12.0
0.65
123.59 3.09
3.00
45
210
32
13.0
0.61
133.86 2.97
2.06
Note: n: the population of Shorea spp. (trees ha-1); d: tree diameter
(cm); h: branch-free height (m); f: form factor; TV: total volume
m3 ha-1; MAI: Mean Annual Increment m3 ha-1 year-1; CAI:
Current Annual Increment m3 ha-1 year-1

d

H

TV

2
18
9
0.30
3
20
9.0
0.55
5
22
9.0
1.11
7
24
10.0
2.06
9
26
10.0
3.01
11
28
12,0
5.12
13
30
12.0
6.94
15
32
13.0
9.40
13
34
13.0
8.89
12
36
14.0
9.91
9
38
14.0
7.86
7
40
15.0
7.25
4
42
15.0
4.49
3
44
15.0
3.69
2
46
16.0
2.87
Notes : n: population of Shorea spp. (trees ha-1); d: tree diameter
(cm); h: branch-free height (m); TV: total volume (m3 ha-1)

Figure 4. Diameter class distribution of Shorea spp. at the age 40
years

Figure 5. MAI and CAI of D. aromatica wood up to the age of
45

Figure 3 shows that intersection point of mean annual
increment and current annual increment curves for Shorea
spp. planted at a planting distance of 5m x 5m occurs at the
age of 40 years, when the total volume per unit is 144.21
m3 and with values for MAI and CAI of 3.61 m3 ha-1year-1)
and 3.62 ha-1year-1 respectively.
The diameter distribution for Shorea spp. is assumed to
follow a normal curve as in a plantation forest The purpose
of determining the frequency distribution for tree diameter
was to simulate the spread of Shorea spp. diameters that
would exist in the research plot at age 40 years .
Table 2 shows that the simulated diameters of Shorea
spp. trees at the age of 40 years varied according to a
normal distribution from 18 cm to 46 cm, but the highest
frequency (15 trees) was in the 32 cm diameter class.
Graphically, the diameter distribution of Shorea spp. at the
age of 40 years can be seen in Figure 4.

stands. The results of a whole-of-life simulation of
production of D. aromatica based on measurements of
sampled trees at 3, 8 and 20 years of age is shown in Table
3. At age 40 years, based on the simulation of the trees life
cycle, maximum total volume (TV) was estimated to be
123.59 m3 ha-1 with an average tree diameter (d) of 29 cm
and branch-free height of 12 m. At this age, mean annual
increment (MAI) would have reached 3.09 m3 ha-1 year-1
and its current annual increment (CAI) 3.00 m3 ha-1 year-1.
Based on Table 3, the total volume of D. aromatica at
the age of 10, 30 and 40 years would reach 7.11 m3; 84.74
m3 and 123.59 m3 respectively. The value of MAI at age
10, 30 and 40 years would reach 0.71 m3 ha-1 year-1; 2.82
m3 ha-1 year-1 and 3.09 m3 ha-1 year-1. The total volume and
the increment of D. aromatica at the age of 10 to 40 years
increased because of volume accretion. However, based on
Table 3, it was found that after the age of 40 years the
growth of D. aromatica decreased so that the trees would
be best harvested at this age. This can be inferred from the
graphical presentation in Figure 5 where the simulated
curves for Mean Annual Increment (MAI) and Mean
Current Increment (CAI) intersect at age 40 years.

The potential diameter distribution and growth over
time of kapur trees (Dryobalanops aromatica)
The planting distance of Dryobalanops aromatica
cultivation was 400 trees per hectare plus 20% replanting.
D. aromatica was planted in combination with rubber
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Table 4. Diameter distribution of D. aromatica trees (combined
with rubber trees) at the age of 40 years

Table 5. The production of latex from rubber trees cultivated in
combination with D. aromatica

N
D
H
TV
2
15
10
0.24
4
17
10.0
0.62
6
19
10.0
1.16
8
21
10.0
1.83
10
23
11.0
3.01
12
25
11.0
4.21
13
27
11.0
5.32
14
29
12.0
7.21
12
31
12.0
6.95
10
33
12.0
6.57
9
35
12.0
6.54
7
37
13.0
6.16
6
39
13.0
5.68
4
41
13.0
4.19
3
43
13.0
3.40
Notes : n: population of D. aromatica (trees ha-1); d: tree diameter
(cm); h: branch-free height (m); TV: total volume m3 ha-1

Ages

TP (kg ha-1) AP (kg ha-1 year- MP (kg ha-1
1
)
year-1)
4
170
42.50
7
400
57.14
76.67
10
660
66.00
86.67
13
1000
76.92
113.33
15
1240
82.67
120.00
17
1400
82.35
80.00
20
1550
77.50
50.00
25
1650
66.00
20.00
Notes: TP: Total production (kg ha-1); AP: Average Production kg
ha-1 year-1; MP: Marginal Production/current annual production
(kg ha-1 year-1)

Figure 7. The latex production of rubber plantation combined
with D. aromatica
Figure 6. Diameter class distribution of D. aromatica at the age
of 40 years

The simulated curves for MAI and CAI for D.
aromatica trees at a plant spacing of 5m x 5m intersected at
the age of 40 years when the total volume would be 123.59
m3 ha-1 with MAI and CAI values of 3.09 m3 ha-1 year-1 and
3.00 m3 ha-1 year-1.
The simulated tree diameter distribution of D.
aromatica at the age of 40 years can be seen in Table 4.
Table 4 shows that the simulated diameters of D. aromatica
trees at the age of 40 years varied from 15 cm to 43 cm, but
the highest frequency diameter was 29 cm. The simulated
diameter distribution for D. aromatica at age 40 is
presented graphically in Figure 6.
Production of natural rubber from a plantation
interspersed with planted Dryobalanops aromatica trees
Rubber trees in a plantation combined with D.
aromatica trees started to produce latex at the age of 4
years and would continue producing to age 25 years. At 4
years of age the latex production would be 170 kg and by
25 years the accumulated production would amount to
1,650 kg, with the average production per year increasing
from 42.50 kg ha-1 year-1 and peaking at 82.67 kg ha-1 year-1
at age 15 years. The production of latex from the natural
rubber plantation interspersed with D. aromatica, from
year 4 through to year 25, can be seen in Table 5.

Table 5 indicates that rubber trees were able to produce
latex from the age of 5 to 25 years with the accumulated
production rising from 170 to 1.650 kg across that period.
Average latex production per year reached its maximum
production at the age of 17 years with accumulated
production of 1,400 kg, with the average production and
average current annual production was 82.67 kg ha-1 year-1
and 80 kg ha-1 year-1 respectively. Rubber trees continued to
produce until the age of 25 years, but the annual production
of latex decreased well before this. This can be seen from
the average production and the average current annual
production of rubber plantation at the age of 25 which had
fallen to 66 kg ha-1 year-1 and 20 kg ha-1 year-1 respectively.
Graphically, the production of latex from rubber trees
cultivated in plantation in combination with D. aromatica
trees can be seen in Figure 7.
Production of natural rubber from a plantation
interspersed with planted Shorea spp. trees
Rubber trees combined in plantation with Shorea spp.
started to produce latex at the age of 4 years and continued
until 25 years of age. The accumulated latex production at
4 years of age was 125 kg and rose to 1,450 kg at 25 years,
with the average annual production rising from 31.25 kg
ha-1 year-1 at 4 years to 70.57 kg ha-1 year-1at 25 years of
age. The production of latex across the life cycle from 4 to
25 year of age can be seen in Table 6.
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Table 6. Production of rubber plantation/latex cultivated in a
combination with Shorea spp.

Table 7. Production of latex from a monoculture rubber
plantation

Ages
TP (kg ha-1) AP (kg ha-1 yr-1) MP (kg ha-1 yr-1)
4
125
31.25
7
320
45.71
65.00
10
550
55.00
76.67
13
850
65.38
100.00
15
1060
70.67
105.00
17
1200
70.59
70.00
20
1330
66.50
43.33
25
1450
58.00
24.00
Notes: TP: Total production (kg ha-1); AP: Average Production
(kg ha-1 year-1); MP: Marginal Production/ current annual
production (kg ha-1 year-1)

Ages
TP (kg ha-1) AP (kg ha-1 yr-1) MP (kg ha-1 yr-1)
4
440
110.00
7
850
121.43
136.67
10
1350
135.00
166.67
13
2000
153.85
216.67
15
2470
164.67
235.00
17
2800
164.71
165.00
20
3100
155.00
100.00
25
3300
132.00
40.00
Notes: TP: Total production (kg ha-1); AP: Average Production
(kg ha-1 year-1); MP: Marginal Production/current annual
production (kg ha-1 year-1)

Figure 8. The latex production from rubber trees planted in
combination with Shorea spp.

Figure 9. Production of latex from a monoculture rubber plantation

The maximum production of rubber plantation was
reached at the age of 17 years with the total production of
1,200 kg and with average production and average current
annual production reached 70.59 kg ha-1 year-1 and 70 kg ha1
year-1 respectively. However, rubber trees continued to
produce until the age of 25 years although the annual
production declined after age 15-17 years.
The production of latex by rubber trees cultivated in
combination with Shorea spp. is depicted graphically in
Figure 8.

production had reached 2,800 kg, and the average annual
production and average current annual production were
164.71 kg ha-1 year-1 and 165 kg ha-1 year-1, respectively.
However, after the age of 17 years, the average annual
production and average current annual production declined
as can be seen in the above AP and MP graph. The
declining trend in annual productivity continued through to
age 25 years.
For comparison, the accumulated rubber productivity
up to optimum age in Sekolaq Muliaq Village, West Kutai,
in East Kalimantan is 2.8 ton ha-1, which is 9.4% lower
than the optimum productivity in Dusun Sanjan, District
Sanggau, in West Kalimantan (Winarni et al. 2018).
Furthermore, rubber plantation not always showed similar
productivity of latex for another location. Due to the factors
of land fertility, precipitation and population trees, the
production of latex in Galeo Asa Village reached 3 ton ha-1,
which is showed 20% higher than Sekolaq Muliaq Village
(Lahjie et al, 2018).

The production of latex from a monoculture rubber
plantation
Rubber trees in monoculture started to produce latex at
the age of 4 years and the optimum production was reached
at age 17 years. A summary of latex production from the
rubber plantation can be seen in Table 7.
Table 7 shows that 440 kg of latex was produced from
monoculture rubber trees up to the age of 4 years and
production continued through to 25 years of age at which
time accumulated latex production had reached 3,300 kg.
Graphically, the production of latex from a monoculture
rubber plantation can be seen in Figure 9.
Latex started to be produced at the age of 4 years with
the average production of 110 kg ha-1 year-1. At the age of
10 years, the average annual production and average
current annual production reached 135 kg ha-1 year-1 and
166.67 kg ha-1 year-1 respectively. The optimum production
was reached at the age of 17 years when accumulated

Financial analysis of dipterocarp trees production in
combination with latex production from rubber trees in
a mixed plantation
Detailed costs needed for modeling the mixed
dipterocarp/natural rubber plantation for a 40-year cycle
were estimated based on local prices. The commodity
prices needed for the modeling were set as follows: the
value of dipterocarp wood based on the current market
price and the price received at the research location ranged
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from Rp. 2,300,000 m-3 to Rp. 2,800,000 m-3; the price
received for natural rubber latex was Rp. 5,000 kg-1.
Additionally, this study used Indonesian currency, Indonesian
rupiah (IDR) which is currency, 1 equal to IDR 12,000.
Based on these current market prices of wood and
rubber, the income that could be obtained from each of
three types of plantation is outlined in the cash flows, as
follows:
Financial analysis of the combined Shorea spp./rubber
plantation
The simulated cash flow from Shorea spp. tree
cultivation with a 40-year cycle and from rubber with a 25year cycle showed that the total costs over a 40-year period
were Rp. 243,577,000, while the gross income amounted to
Rp. 715,93,000. Without calculating the time value of
money, we estimate that this business model would result
in a benefit/cost ratio (B/C ratio) of 2.9.
We simulated the effects of harvesting Shorea spp.
wood at the age of 30, 35 and 40 years. A harvest of
Shorea spp. trees at age 30 years and 35 years are regarded
as a thinning harvest or intermediate harvest, while at age
40 it would be regarded as a total harvest with a wood price
of Rp. 2,800,000 m-3. Only 90% of the wood can be sold as
intact usable timber, while the remaining 10% is
categorised as firewood. The income obtained from Shorea
spp. wood aged 30, 35, and 40 years with a total volume of
25.01 m3, 18.21 m3, and 144.21 m3 respectively, would be
Rp. 56,272,500 ha-1, Rp. 40,770,000 ha-1, and Rp.
324,472,500 ha-1 respectively. The income obtained from
firewood with a price of Rp. 100,000 m-3 and at the age of
30, 35 and 40 years would be Rp. 477,000, Rp. 150,000,
and Rp. 1,236,000, respectively. The total income obtained
from rubber harvested from age 4 years to 25 years would
amount to Rp. 67,600,000 ha-1.
Based on these values, the financial analysis of Shorea
spp. cultivated together with rubber, based on an interest
level of 5%, reveals estimates for the Pay Back Period of
20.1 years, Net Present Value (NPV) of Rp. 58,999,000 ha1
, and a Net B/C ratio of 2.79. The model analysis of
Internal Rate of Return (IRR) gave a value of 8.7%.
The results of this analysis based on a 40-year
plantation cycle and an interest rate of 5%, indicating that
Shorea spp. trees cultivated in combination with rubber is a
feasible business, because its estimated NPV was positive.
In addition, the net B/C ratio for the business was estimated
at 2.79, which means that for every rupiah invested there
would be a return of 2.79 rupiahs; i.e. the value of the Net
B/C > 1, indicating that the business should be profitable.
The value of its IRR (8.7%) was higher than the Minimum
Acceptability Rate (MAR) of 5%.
Financial analysis of the combined D. aromatica / rubber
plantation
The simulated cash flow from D. aromatica tree
cultivation with a 40-year cycle and from rubber with a 25year cycle showed that the total costs over a 40-year period
were Rp. 233,619,000 ha-1, while the gross income
amounted to Rp. 649,951,000 ha-1. Without calculating the
time value of money, we estimate that this business model

would result in a benefit/cost ratio (B/C ratio) of 2.8.
We simulated the effects of harvesting D. aromatica
wood at the at the age of 30, 35, and 40 years. A harvest of
D. aromatica trees at age 30 years and 35 years is regarded
as a thinning harvest or intermediate harvest, while at age
40 years it would be regarded as a total harvest with a
wood price of Rp. 2,300,000 m-3. Only 90% of the wood
can be sold as intact usable timber, while the remaining
10% is categorised as firewood. The income obtained from
D. aromatica wood aged 30, 35 and 40 years with the total
volume of 23.85 m3, and 123.59 m3 respectively, would be
Rp. 49,369,500, Rp. 31,050,000 ha-1, and Rp. 255,831,000
ha-1 respectively. The income obtained from firewood at
the age of 30, 35 and 40 would be Rp. 239,000 ha-1, Rp.
150,000 ha-1 and Rp. 1,236,000 ha-1 respectively. While the
total income derived from rubber harvested from 4 to 25
years would amount to Rp. 79,000,000.
Based on these values and an interest rate of 5%, the
financial analysis of D. aromatica cultivated in combination
with rubber reveals estimates for the Pay Back Period of 18
years, Net Present Value (NPV) of Rp. 54,827,000 ha-1,
and a Net B/C ratio of 2.68. The model analysis of Internal
Rate of Return (IRR) gave a value of 8.8%.
The results of this analysis based on a 40-year
plantation cycle and an interest rate of 5%, indicate that D.
aromatica trees cultivated in combination with rubber are a
feasible business, because the estimated NPV was positive.
In addition, the net B/C ratio for the business was estimated
at 2.68, which means that for every rupiah invested there
would be a return of 2.68 rupiahs; i.e. the value of the Net
B/C > 1, indicating that the business should be profitable.
The value of its IRR (8.8%) was higher than the Minimum
Acceptability Rate (MAR) of 5%.
Financial analysis for a rubber plantation as a
monoculture
The simulated cash flow from a monoculture rubber
plantation with a 25-year cycle showed that the total costs
over a 25-year period were Rp. 174,414,000 ha-1, while the
gross income amounted to Rp. 232,469,000 ha-1. Without
estimating the time value of money, we estimated the
benefit/cost ratio (B/C ratio) of this business would be 1.3.
This means that for every Rp. 1.0 spent the total return
would be Rp.1.3.
Rubber tapping started at the age of 4 years and
continued until 25 years. The estimated accumulated
income obtained from rubber harvesting through to age 25
years amounted to Rp. 158,700,000 ha-1 which would be
the total income derived from selling the rubber latex at a
price of Rp. 5,000 kg-1.
Based on these values and an interest rate of 5%, the
financial analysis for monoculture rubber reveals estimates
for the Pay Back Period of 17.4 years, Net Present Value
(NPV) of Rp. 3,240,000 ha-1 and a Net B/C ratio of 0.93.
The model analysis of Internal Rate of Return (IRR) gave a
value of 4.6%.
These results show that at an interest rate of 5%,
monoculture rubber cultivation was not a financially
profitable business, because its IRR value (4.6%) was
lower than Minimum Acceptability Rate (MAR) of 5%.
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Table 8. Recapitulation of financial analyses for the three
plantation models based on rubber trees alone or in combination
with either logged Shorea spp., or logged D. aromatica trees
Models

Cycle

PP

NPV

Net
B/C
2.79

IRR

Shorea spp. + 40
20.2
8.7
Rubber
year
year
58,999,000
D. aromatica + 40
18.0
2.68
8.8
Rubber
year
year
54,827,000
Monoculture
25
17.4
3,240,000 0.93
4.6
Rubber Plantation year
year
Notes: PP: pay back period (years); NPV: net present value (Rp.);
IRR: Internal Rate of Return (%)

Comparison of the financial analyses for the three
plantation business models
Table 8 summarises the results of the financial analyses
for the three plantation models based on rubber trees alone
or in combination with either logged Shorea spp., or logged
Dryobalanops aromatica trees.
The results summarised in Table 8 show that both
models of dipterocarp cultivation (Shorea spp. or D.
aromatica) combined with rubber were feasible businesses
because the results of their financial analysis indicated that
their NPV estimates were higher than zero; their Net B/C
ratios were greater than 1.0; and they had positive values
for IRR (higher than the value of MAR = 5%). The result
of the financial analysis for monoculture rubber cultivation
showed that its IRR was 4.6l% which means that it was not
a feasible business proposition because its IRR was smaller
than the MAR (Minimum Acceptability Rate) of 5%.
Today, rubber plantation activity has reached 72% in
marginal land areas with low productivity (Ahrends et al.
2015). These land conversion trends have continued in line
with apparent demand for natural rubber and palm oil
(Warren-Thomas et al. 2015). Nevertheless, from our
study, it would appear that at least in the case of
monoculture rubber plantations, the economic rewards are
poor at current latex prices.
Various models of silviculture for timber production
appear to offer greater rewards. SILFOR researchers (using
individual tree-based models) conducted silvicultural
research techniques outside logging areas in Central
Kalimantan, aiming to determine projected harvesting
periods for different species compositions based on the
dynamics of biomass change in selective logging (Ruslandi
et al. 2017). The applied silviculture techniques are
expected to be able to create better results in logged areas,
especially on residual stands that can be harvested in 25-40
years (Ruslandi et al. 2012; Shenkin et al. 2015). However,
the applicable logging rules are for a minimum cutting
diameter (MCD) between 40 to 50 cm with shortened
cutting cycle from 35 to 30 years (Ministry of Forestry
2009).
Deforestation from natural forest conversion to rubber
plantations results in reductions in living biomass, in
carbon sequestration above ground, and in soil organic
carbon (Blagodatsky et al. 2016; De Blecourt et al. 2013;
Guillaume et al. 2015; Li et al. 2008). The conversion of

765

natural forests into rubber plantations reduces soil CO2
emissions and CH4 absorption, especially during very wet
periods. This change has an impact on converted land,
especially on the process of carbon fluctuations from the
soil, thereby reducing the positive feedback from climate
change.
Given the vast extent of rubber plantations (Lang et al.
2017), the last three decades have begun to see changes,
with indigenous peoples trying gradually to replant native
species, replacing the rubber tree plantings. This method is
considered capable of stabilizing local economies, by
planting native species that produce timber for the
construction of homes and by planting species in canopy
openings that produce non-timber forest products (NTFP).
Among the most valuable NTFP's are rattans (Calamus
spp.), sugar palm (Caryota urens) and medicinal
Coscinium fenestratum (Ashton et al. 2014).
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Abstract. Karyati, Ipor IB, Jusoh I, Wasli ME. 2018. Tree stand floristic dynamics in secondary forests of different ages in Sarawak,
Malaysia. Biodiversitas 19: 767-773. Succession is a series sequential processes of the development of floristic community which
involves changes in community structure, species composition and diversity over time. The information on tree stand floristic dynamics
of various stages of succession in secondary forests in Malaysia is currently lacking. This study was conducted to determine tree stand
structure, floristic composition, and species diversity in various stages of secondary forest development in the study areas. A total of
997, 1,842, and 834 tree stems with diameter at breast height (DBH) of > 5 cm were recorded in one-hectare-plots of 5, 10, and 20 year
old secondary forests, respectively. The ten most common species in 5 and 10 year old of secondary forests consisted mostly of light
demanding species. In the 20 year old secondary forest, these species did not exist. Macaranga gigantea was the most dominant tree
species in the 5 and 10 year old secondary forests in terms of basal area and volume per hectare. The most common species, based on
density, basal area, volume, and Importance Value Index (IVi), in the 20 year old secondary forest was Adinandra dumosa. The
diversity and richness indices of the 10 year old secondary forest were the highest among all study sites.
Keywords: Floristic composition, diversity, secondary forest, vegetation structure, succession
Abbreviations: DBH: Diameter at Breast Height; BA: Basal Area; V: volume; H': Shannon-Wiener’s diversity index; Ds: Simpson’s
dominance index; J': Pielou’s evenness index; R: Margalef’s richness index; ISS: SØrensen similarity index

INTRODUCTION
The primary forests of Sarawak are shrinking due to the
combination of logging and shifting cultivation. They are
replaced by secondary forests with lower stature and
altered species composition (Primack and Hall 1992; Jomo
et al. 2004). Human disturbances bring negative effects to
forest and cause lower species diversity and simplified
community structure (Dianpei et al. 2004). Following field
abandonment, secondary forest develops naturally (Van Do
et al. 2010). Secondary forests are identified by their
structure and extent of vegetative cover, as well as their
composition in terms of dominant and secondary species
(Mittelman 2001; Van Breugel et al. 2006). Without
additional disturbances, secondary forests will undergo
succession and develop into forests with structure similar to
that of the original forests (Kartawinata et al. 2001). The
dynamics at several temporal periods of forest disturbances
determine plant diversity within a regenerating fallow
(Lawrence 2004). Brearley et al. (2004) stated that fiftyfive years of succession is insufficient for the recovery of
the most primary forest species. The secondary forests are
especially vital in conserving biodiversity because they
provide the last remaining corridors (Mittelman 2001).
Karyati et al. (2013) reported that plant seedlings and
saplings in 3 and 5 year old secondary forests in Sabal area
of Sarawak were dominated by light demanding and fast
growing species, such as Melastoma malabathricum L.,

Ploiarium alternifolium Melchior, and Ficus aurata Miq.
as well as Dillenia spp. and Macaranga spp. Dillenia
suffruticosa Martelli was also a common species in both 10
and 20 year old secondary forests.
Information on the capability of abandoned land after
forest disturbance in providing ecological functions is vital
in order to ease the pressure on the natural forest ecosystem
as an ecotone for balancing the tropical forest ecosystem.
Many studies had been done on the floristic composition
and stand structure of the tropical forest in Borneo Island,
but few similar studies have been done in various stages of
secondary forests in Sarawak.
This study was conducted in order to determine the
community structure, floristic composition, and species
diversity of tree stand in secondary forests of different ages
during early secondary succession process at abandoned
lands.
MATERIALS AND METHODS
Study sites
The study was carried out in three stages of fallows
(period of abandonment), namely 5 year old, 10 year old,
and 20 year old secondary forests in Sabal, Sri Aman,
Sarawak, East Malaysia (Figure 1). The geographic
locations of these sites are 01°04'43.3''N 110°59'02.0''E,
01°03'55.9''N
110°55'51.4''E,
and
01°03'59.3''N
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110°53'34.4''E, respectively. The same sites had been
studied previously for composition and diversity of
seedlings and saplings (Karyati et al. 2013) as well as their
soil properties (Karyati et al. 2014). The study plots at
Sabal were located approximately 110 km southeast of
Kuching along the Kuching-Sri Aman Road and 5 to 15 km
from the Sabal Agroforestry Centre. The study sites had
similar histories of abandonment after shifting cultivation,
as told by the land owner and confirmed by Sabal
Agroforestry Centre staff. The original vegetation at Sabal
site was lowland mixed dipterocarp forest with heath forest
(kerangas) (Kendawang et al. 2007). In the study sites, the
soil was categorized as acidic soil, indicated by the pH

(H2O) values of lower than 5 and the low content of T-C,
T-N and exchangeable bases (Karyati et al. 2014).
Data collection
The surveys of vegetation were conducted in 5, 10, and
20 year old secondary forests. Twenty five sub plots each
measuring 20 m × 20 m were established within each study
site. The diameter at breast height (DBH) and total height
of all woody trees with DBH of > 5 cm within the plots
were enumerated and their species were identified.
Nomenclature was checked in the flora records of the study
area (Anderson 1980; Jawa and Chai 2007).

Figure 1. Map of the study area in Sabal, Sri Aman, Sarawak, East Malaysia
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Data analysis
The dominant species of forest community were
determined by importance value index (IVi) of species
within the plots (Fachrul 2007). The similarity of species
composition among different communities was determined
using SØrensen similarity index (ISS) (Fachrul 2007). The
diversity indices of Shannon-Wiener’s diversity index (H'),
Simpson’s dominance index (Ds), Pielou’s evenness index
(J'), and Margalef’s richness index (R) were used to
measure species diversity of standing trees in each
community (Odum 2005). The mean values of H', Ds, J',
and R for each site were compared with one-way analysis
of variance (ANOVA) by Tukey’s tests. All statistical tests
were conducted using SPSS version 18 for Windows (SPSS
Inc. 2012).
RESULTS AND DISCUSSION
Stand structure
Diameter at Breast Height (DBH) and Height Distributions
The density of trees among DBH classes differed
among three succession stages of secondary forests. The
total number of trees decreased as the DBH increased, and
generally forms L-shaped distribution as shown in Figure
2. The tree DBH distribution in secondary forests in the
study sites were skewed towards the smaller DBH classes,
with more than 90% of all trees with the DBH of > 5 cm in
the 5.0-10.0 cm class for the 5 and 10 year old secondary
forests, while in the 20 year old secondary forest all trees
with the DBH of > 5 cm in the 5.0-10.0 cm class
constituted more than 45% of the total number of tree
species. The reverse-J-shaped tree diameter distributions
were reported for secondary forests (Álvarez-Yépiz et al.
2008; Feldpausch et al. 2007). The distribution of height
classes at different interval classes was slightly positively
skewed at each of the three study sites (Figure 3).
Density, basal area, and volume
The highest density was recorded in the 10 year old
secondary forest (1,842 stem per hectare) as presented in
Table 1. Three species such as Macaranga gigantea Mull.
Arg., Vitex pubescens Vahl., and Dillenia suffruticosa
Martelli were dominant in terms of density, basal area and
volume per hectare in the 5 and 10 year old secondary
forests. Several pioneer species, such as Macaranga
hypoleuca Mull. Arg. and Macaranga caladifolia Becc.
were also common in the 10 year old secondary forest, and
Macaranga trichocarpa Mull. Arg. in the 5 year old
secondary forest. In the 20 year old secondary forest,
Adinandra dumosa Jack, Artocarpus integer (Thunb.)
Merr., Cratoxylum arborescens Blume. and Pellacalyx
axillaris Korth. were the dominant species based on the
number of stems, basal area, and volume per hectare.
The total basal area and volume per hectare increased
with the increasing period of abandonment. The increase of
DBH and height caused increase in total basal area and
volume per hectare in the study sites. This indicated that
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during successional process many seedlings and saplings
had grown into larger trees in the older secondary forest.
The dynamics and development of secondary forests were
showed by the trends in increasing average DBH, height,
basal area and volume following the increasing fallow age.
Floristic composition
Importance Value Index (IVi)
The ten most common species consisted mostly of light
demanding pioneer and fast growing species in the 5 and
10 year old secondary forests, such as Macaranga spp., D.
suffruticosa, and V. pubescens in terms of IVi (Table 2).
The dominance of pioneer species appeared in early
successional stage, and decreased gradually in the 20 year
old secondary forest. The late pioneer species and
secondary species were dominant in the 10 and 20 year old
secondary forests. The secondary rain forest consists of
long-lived intolerant trees, big pioneers, and fast-growing
species. This study showed that under similar land use
change (due to slash and burn), the species composition of
trees with DBH of > 5 cm changed gradually during early
secondary succession process at abandoned lands after
shifting cultivation. The development of vegetation after
slash and burn process at different ages of fallow lands can
be observed, in terms of density, total basal area, and
volume per hectare. It is mainly influenced by secondary
succession process and fallow age at abandoned lands. As
the average DBH and height as well as basal area and
volume increased with increasing fallow ages, the results
showed that the secondary forests would continue to
develop into mature forest. The results also showed that
there were similar species composition in the 5 and 10 year
old secondary forests. However, the 20 year old secondary
forest showed relatively different species composition
among three study sites. This showed that species
composition at abandoned lands after burning began to
change after 20 years of abandonment. Van Breugel et al.
(2006) stated that forest development can show gradual or
abrupt changes, depending on the species composition and
the degree of dominance by one or few species. Species
composition may explain differences in forest structure;
particularly stem density and basal area or biomass, across
sites (Marin-Spiotta et al. 2007).
Similarity index
The SØrensen similarity index between the 5 and the 20
year secondary forests was the highest (52.17%), followed
by the 10 and the 20 year old secondary forests (44.12%),
and the 5 and the 10 year old secondary forests (41.70%)
(Table 3). The similarities of trees (DBH of > 5 cm) were
intermediate among all study sites. The results showed that
the early stage of secondary succession of fallow lands
after shifting cultivation had many common species. This
indicated that the compositions of species were dominated
by similar species during successional process at different
stages of fallow periods.
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Table 1. Density, basal area, and volume of ten most common species (DBH of > 5 cm) in 1 hectare of each study site
Species
Adinandra dumosa Jack
Alphitonia excelsa Reissek ex Endl.
Alstonia spatulata Blume
Artocarpus integer (Thunb.) Merr.
Cratoxylum arborescens Blume.
Cratoxylum formosum Benth. & Hook. f. ex Dyer
Cratoxylum glaucum Korth.
Dillenia suffruticosa Martelli
Endospermum diadenum (Miq.) Airy Shaw
Euodia glabra (Bl.) Bl.
Glochidion arborescens Blume.
Macaranga caladifolia Becc.
Macaranga gigantea Mull. Arg.
Macaranga hypoleuca Mull. Arg.
Macaranga pruinosa Mull. Arg.
Macaranga trichocarpa Mull. Arg.
Macaranga triloba Mull. Arg.
Nephelium cuspidatum Blume
Palaquium decurrens H.J. Lam
Pellacalyx axillaris Korth.
Saurauia glabra (Ruiz & Pav.) Soejarto
Timonius flavescens Baker
Vernonia arborea Buch. Ham.
Vitex pubescens Vahl.

N
53

SF-5 years old
BA
V
0.20

N

19

0.08

0.37 (10)

72
115

0.30
0.33

1.40 (5)
1.23 (6)

85
25

0.36
0.12

1.56 (3)
0.55 (8)

112

0.60

2.83 (1)

88

0.35

1.48 (4)

0.10
0.43

N
169

SF-20 years old
BA
V
3.62
32.50 (1)

0.82 (7)
15

19
120

SF-10 years old
BA
V

0.47 (9)
1.83 (2)

0.15

1.57 (7)

224
39

0.68
0.23

2.34 (5)
1.47 (9)

66
81
42
32

0.33
0.90
0.32
0.20

1.79 (6)
6.50 (1)
2.51 (4)
1.27 (10)

83
60

0.52
0.26

3.41 (2)
1.48 (8)

135

0.67

35
11
6

0.94
0.79
0.22

11.13 (2)
9.63 (3)
3.33 (7)

20
14

0.39
0.35

3.23 (9)
4.25 (5)

14
53
22
32

0.27
0.91
0.35
0.43

3.32 (8)
8.09 (4)
3.12 (10)
3.64 (6)

3.35 (3)

Total
708 2.87
12.55
777
4.25
25.72
376
8.26
82.24
Total per hectare
997 3.87
16.73
1,842 9.11
53.12
834 14.06
133.73
Note: SF=secondary forest, N=density (stem ha-1), BA=basal area (m2 ha-1), and V=volume (m3 ha-1). The figures in parentheses are the
ranking in terms of volume, (1) being the species with the highest volume

Table 2. Importance value index (IVi) of ten most common species of trees (DBH of > 5 cm) in 1 hectare of each study site
Species

Family

Adinandra dumosa Jack
Alphitonia excelsa Reissek ex Endl.
Artocarpus integer (Thunb.) Merr.
Cratoxylum arborescens Blume.
Cratoxylum glaucum Korth.
Dillenia suffruticosa Martelli
Endospermum diadenum (Miq.) Airy Shaw
Euodia glabra (Bl.) Bl.
Ficus aurata Miq.
Glochidion arborescens Blume.
Macaranga caladifolia Becc.
Macaranga gigantea Mull. Arg.
Macaranga hypoleuca Mull. Arg.
Macaranga trichocarpa Mull. Arg.
Macaranga triloba Mull. Arg.
Nephelium cuspidatum Blume
Pellacalyx axillaris Korth.
Saurauia glabra (Ruiz & Pav.) Soejarto
Timonius flavescens Baker
Vernonia arborea Buch. Ham.
Vitex pubescens Vahl.
Whiteodendron moultonianum (W.W.Sm.) Steenis

Theaceae
Rhamnaceae
Moraceae
Clusiaceae
Clusiaceae
Dilleniaceae
Euphorbiaceae
Rutaceae
Moraceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Sapindaceae
Rhizophoraceae
Actinidiaceae
Rubiaceae
Asteraceae
Verbenaceae
Myrtaceae

SF-5
years old

SF-10
years old
7.81 (8)

SF-20
years old
50.34 (1)

15.61 (7)
14.70 (3)
9.26 (5)
17.72 (6)
26.43 (3)

21.74 (1)
7.26 (9)

24.19 (5)
8.99 (9)
9.58 (8)
31.16 (1)

7.97 (7)
5.94 (10)

9.32 (5)
17.41 (2)
8.56 (6)

24.26 (4)
13.39 (4)
8.43 (7)

7.45 (10)
30.34 (2)

16.48 (3)
6.93 (10)

7.26 (8)
16.19 (2)
8.19 (6)
9.97 (4)
6.57 (9)

Number of families
28
45
43
Number of genera
43
107
75
Number of species
62
173
99
Note: SF=secondary forest. The figures in parentheses are the ranking in terms of IVi, (1) being the species with the highest IVi
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Figure 2. Distribution of tree DBH in secondary forest of different ages
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Figure 3. Distributions of tree height in secondary forests of different ages

Table 3. SØrensen similarity index (ISS) of trees with DBH of >
5 cm in the study sites
SF-5
SF-10
SF-20
years old
years old
years old
SF-5 years old
SF-10 years old
41.70
SF-20 years old
52.17
44.12
Note: SF=secondary forest. SØrensen similarity index was
computed for the entire study plots (1 ha)
Type

Species diversity
The species diversity (H' values) was categorized as
‘intermediate’ at all sites based on Odum (2005)
classification of species diversity as presented in Table 4.
There were significant differences in H' values between the
5 and the 10 year old of secondary forests, but there was no
significant differences of those compared to the 20 year old
of secondary forest. The ecological dominance (Ds value)
of trees species in our studied secondary forests was

categorized as ‘low dominance’. There were a few species
to almost no species dominant in every community. In all
study sites, Ds values showed no significant difference
among them. This is typical for most tropical lowland
forests. All of the trees species in the secondary forests had
high value of J'. Every species was distributed evenly in
community. The J’ values also showed no significant
differences in three study sites. There were significant
differences among R values in all study sites. The high J'
and R values were due to high number of trees per hectare
and number of species recorded in the study sites. The
results showed that as the diversity (H'), evenness (J'), and
richness (R) increased, the dominance (Ds) decreased.
Sapkota et al. (2010) proved that tree diversity declines
while dominance increases linearly along a disturbance
gradient. The change in tree density is also related to
relative basal area of the dominant tree species.
The values of Shannon-Wiener diversity index (H') of
trees (DBH of > 5 cm) varied from 2.09 to 2.70, the
Simpson dominance values (Ds) 0.12-0.17, Pielou evenness
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index (J') 0.86-0.88, and the Margalef richness values (R)
3.02 to 5.57 in all study sites. The values of H' and R
increased from the 5 year old to the 10 year old of
secondary forests, then decreased in the 20 year old of
secondary forest. The results showed that diversity indices
were not related to stand age. This finding may be
influenced by number of families, genera, species, and
individuals in each study site. The highest number of
families, genera, species, and individuals were recorded in
the 10 year old of secondary forest (Table 2). Similarly, the
number of species increased from tree to sapling and
seedling strata in fallow stand since recruitment into the
sapling of tree strata always requires the seedlings to go
through the seedling stage (Van Do et al. 2011).
The tree species diversity in the 10 year old secondary
forest was the highest among all study sites. In fact, this
site had an intermediate disturbance compared with the
others. Diversity will be greatest at an intermediate
intensity, because it contains a great variety of species of
both pioneer and climax species. The early stages of
secondary successional process were responsible for the
change and development of community structure,
composition, and diversity in secondary forests of different
ages. The highest diversity in 10 year old secondary forest
may reflect a successional change in the intermediate age
of secondary forest, mainly through reorganization in
structure, composition, and diversity. The 10 year old
secondary forest was the intermediate stage among all
study sites. In this site, community structure, floristic
composition, and species diversity looked quite different
from those of the others. This may indicates that the change
and dynamic of succession process began after 10 years
fallow period. In Marin-Spiotta’s et al. (2007) study, the
successional change was shown in 30 year old sites among
all studied sites. In their study, the younger secondary
forests were 10 and 20 year old secondary forests, while
the older secondary forests were 60 and 80 year old
secondary forests. In addition, due to the poor soil fertility
status in the area, 50 years of fallow period would be
insufficient for the land to recover its vegetation condition,
equivalent to that of natural forests (Wasli et al. 2011). The
tree growth of secondary forest reflects the development
during secondary succession process as well as their
community structure, composition, and diversity (Karyati
et al. 2017). Tanaka et al. (2007) stated that with increasing
length of fallow periods, tree species replace the pioneering
small plants, such as grasses, ferns, and shrubs, through

vegetation succession. Some species appear during a
specific period of stand development, and then disappear in
older stands (Van Do et al. 2010). Wasli et al. (2009)
reported no substantial differences of the species
composition and the sizes of tree species between suitable
and unsuitable sites of fallow lands under intensive shifting
cultivation systems in the Engkari river area in Sarawak,
Malaysia.
The rate of changes of plant succession attributes
increased gradually at early secondary succession up to 10
years since abandonment and decreased slowly until 20
years of fallow period. This dynamic successional process
was probably due to relatively high rate of recruitment and
growth of seedlings and saplings at early fallow ages. At
the older stages, the trees with DBH of > 5 cm played an
important role in the dynamics of secondary forests. The
community structure, composition, and diversity varied
among all studied sites. These differences were probably
due to various factors, such as fallow age, community
development, disturbance intensity, seed bank, and seed
rain from surrounding environment, edaphic and climatic
factors in each study site. In addition to being affected by
the degree and frequency of disturbance during the
cultivation period, early successional secondary process
after shifting cultivation may also be affected by other
factors, such as fire intensity and the number of
cultivations, seed sources in soils or from the surrounding
forests, soil fertility, and light condition (Kendawang et al.
2007), tree composition of surrounding old-growth forest
and climate conditions (Van Do et al. 2010).
The study revealed that the existence of 5, 10, and 20
year old secondary forests related to their importance in
community structure, floristic composition, and species
diversity. The ten most common species of secondary
forests were dominated by fast growing species. Their
basal area and volume composed more than 60% of the
total basal area and volume as well as their importance
value index. The tree species of study sites were
categorized as ‘intermediate diversity’ (H'), ‘low
dominance’ (Ds), and ‘high evenness’ (J'). The highest
species richness (R) was recorded in the 10 year old
secondary forest. The findings of this study were important
to provide ecological data of secondary forests of different
ages after abandonment. Studies on future management of
secondary forests and the related issues like global climate
change, biodiversity, carbon marketing and sustainability
of ecosystem service of secondary forests are needed.

Table 4. Diversity indices of trees with DBH of > 5 cm in the study sites
Diversity indices

SF-5 years old (n=25)
a

SF-10 years old (n=25)
b

SF-20 years old (n=25)

Shannon-Wiener diversity index (H')
2.09 (+0.07)
2.70 (+0.14)
2.39 (+0.07)ab
Simpson dominance index (Ds)
0.17 (+0.01)a
0.12 (+0.02)a
0.14 (+0.01)a
a
a
Pielou evenness index (J')
0.86 (+0.01)
0.86 (+0.02)
0.88 (+0.02)a
a
c
Margalef species richness (R)
3.02 (+0.20)
5.57 (+0.52)
4.22 (+0.20)b
Note: SF=secondary forest. Calculation was done according to the 20 m × 20 m subplots. Values are average and standard error in
parentheses. Different letters in each line indicate a significant difference at 5% level by Tukey's test among secondary forests of
different ages
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Abstract. Hervani D, Efendi D, Suhartanto MR, Purwoko BS. 2018. The preservation of somatic embryos of papaya derived from
papaya lateral shoots after being stored in cryopreservation to maintain plant genetic information in the future. Biodiversitas 19: 724729. Germplasm storage of papaya is very important because this plant easily adapts to genetic changes due to environmental conditions
and open system pollination, so it is necessary to retain the current genetics resources in order to conserve the genetic information. The
storage of the vegetative part of the plant with cryopreservation is expected to retain the plant's genetic information in the future.
Cryopreservation is the method for germplasm storage using liquid nitrogen at temperature of -196oC This experiment aimed to obtain
the growth ability of papaya lateral shoots to produce somatic embryos after being stored by cryopreservation. The experiment was
designed in factorial by Completely Randomized Design with two factors.The first factor was the immersion time duration in PVS2 as
cryoprotectant solution with 5 treatments of immersion duration of 0, 10, 20, 30, and 40 minutes. Second factor was culture medium for
cultivated the lateral shoot which was added with plant growth regulators such as BA (benzyl adenine) and NAA (naphthalene acetic
acid) at levels of 0, 1, 2, 3, and 4 mg l-1, respectively. The results showed that the immersion of lateral shoot in cryoprotectants for 10
and 20 minutes gave the better plantlet survival rate after discharge from liquid nitrogen, while the treatment of culture media had not
been significant difference.
Keywords: Cryoprotectant, liquid nitrogen, Sukma varieties
Abbreviations: PVS2: Plant Vitrification Solution 2, DMSO: dimethylsulfoxide, BA: benzyl adenine and NAA naphthalene acetic acid

INTRODUCTION
Germplasm is living genetic resources such as seeds or
other living tissue, from which new plants can be grown.
Conservation of germplasm is very important, one of its
functions is as a genetic source for the scientific
development of plant assembly in the future. Traditionally,
plant genetic resources are usually planted only in the field
as collection of gardens. This storage of genetic material
has a risk of losing a sufficiently high genetic source due to
abiotic and biotic stress. Other storage methods are usually
by storing parts of the genetic material in the laboratory or
the gene bank. In general, the management of laboratory
storage is costly. It must also have many experts, and may
have the risk of genetic changes because of continuous
subcultures on genetic material stored in tissue culture. One
of technique to store germplasm for long periods of time
and also can minimize laboratory costs and the occurrence
of genetic alteration is cryopreservation. Cryopreservation
is the method for germplasm storage using liquid nitrogen at
temperature of -1960C as storage media. The cryopreservation
technique enables to halt the cell division and metabolic
processes of stored cells, tissues or organs, so that plant
material can be stored for a very long time without any
changes or somaclonal variation (Fang et al. 2004).

The fast freezing cryopreservation is one of the
cryopreservation method used in this study. Fast freezing
cryopreservation is done by immersing the planting
material in cryoprotectants followed by quick freezing
process by dipping the planting material directly into liquid
nitrogen (Engelmann 2000). The genetic material, which
will be stored usually has high water content, therefore in
the cryopreservation process, the dehydration process with
the cryoprotectants in the form of glucose, glycerol,
ethylene glycol and dimethylsulfoxide is done to remove
water in the cells. Water released through the dehydration
process is conducted to avoid the formation of ice crystals,
which can cause cell damage and cell death (Engelmann
2004).
Germplasm storage of papaya is very important because
the genetic changes of papaya plant is easily changed due
to environmental conditions and open system pollination.
Whereas, papaya has a high genetic diversity so that efforts
to maintain the genetic information is necessary to avoid
genetic degradation of germplasm in the future. Germplasm
storage of papaya in the form of seeds often has problems
because the resistance level of papaya seeds to dry is
mostly intermediates so that seeds are only able to be
stored no longer than 6 months. The genetic source that
similar to the parents is the vegetative part of the plant
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(clonal material).In papaya plants, lateral shoots can be
utilized to develop plants which have the same
characteristic as the parents.
Sukma papaya (Sweet Sukabumi) (Carica papaya L.
var Sukma), is one of papaya varieties that can grow well
in the lowlands to medium with an altitude of 100-700
meters above sea level. The development of this papaya is
in cooperation with the Department of Agriculture Food
Plant Sukabumi District, West Java, Indonesia with
Tropical Horticulture Study Center, Bogor Agricultural
University, Indonesia, with the lead breeder is Prof. Sriani
Sujiprihati. This papaya has been released as a new variety
by the Minister of Agriculture on October 12, 2009. Sukma
papaya represents papaya with large fruit size, weights
about 2436-3136 grams per fruit, oval-shaped, large-sized
fruit with a diameter of about 13 cm. The productivity of
this variety is 50 -70 tons per hectare per year. Sukma
papaya has red meat color in flesh, when it is riped, the
skin color is yellow at the tip of the fruit (Sobir 2009).
Oktaviani (2012) has reported that three varieties of papaya
(Sukma, Calina, and Carisya) exposed to low-temperature
treatments showed that Sukma papaya is categorized as
intermediate varieties of seeds with the germination value
<50% after a storage period of three months.
Sukma varieties with intermediate seed cannot be
stored for a long period of time, so that efforts to store the
germplasm for genetic resources in the future is necessary.
Therefore, the objective of this study was to know the
growth ability of papaya lateral shoots to produce somatic
embryos after being stored by cryopreservation so it is
expected that the storage of this clonal material becomes
the genetic information of the parent that can be maintained
in the future.
MATERIALS AND METHODS
Study area and materials
This experiment has been carried out at the Tissue
Culture Laboratory 1, Faculty of Agriculture, Bogor
Agricultural University, Bogor, Indonesia in September
2016 until October 2017.
The material used in this research was the papaya
lateral shoots (Carica papaya L. var. Sukma) derived from
the papaya crop in the university farm of Bogor
Agricultural University, Tajur, Bogor. Other materials were
MS medium, dimethylsulfoxide (DMSO), glycerol, ethylene
glycol, benzyl adenine (BA), naphthalene acetic acid
(NAA), liquid nitrogen and sterile distilled water. Tools
were used included laminar air flow cabinet, ovens, scales,
autoclave, aluminum foil, paper stencils, hand sprayer, jam
jars, and other tools.
Procedures
Lateral shoots sterilization
In this experiment, the 2-week olds papaya lateral
shoots grown along the papaya parent tree which
previously had been cut off at the top were used as plant
materials. The grown lateral shoots were subsequently cut
and placed in a cool box to keep the freshness. They were
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then washed under running water for 60 minutes for early
sterilization. They were then immersed with dithane@ and
banlate@ as fungicide and bactericidal solution for 30
minutes, then rinsed under running water. Subsequently,
the lateral shoots were immersed in the several levels of
Clorox concentration, i.e., a 30% Clorox solution for five
minutes, 15% Clorox solution for fifteen minutes which
were then rinsed two times with sterile aquadest.
Afterward, they were immersed in 10% Clorox solution for
ten minutes and rinsed once with sterile aquadest, followed
by immersion with 5% Clorox solution for five minutes,
rinsed two times with sterile aquadest. The lateral shoots
were then immersed with Rifampicin@ as antiseptic by
diluting 450 mg of Rifampicin@ in 200 ml sterile aquadest
for 5 minutes. The sterilized lateral shoots were then
immersed in a cryoprotectant solution called PVS2 for 0,
10, 20, 30, and 40 minutes in -10oC as an explant protector
before being put into liquid nitrogen.
Cryopreservation procedures
The lateral shoots that have been immersed in sterile
cryoprotectants PVS2, which was previously autoclaved at
temperature of121oC and pressure of 17.5 psi for 20
minutes The composition of Plant Vitrification Solution 2
(PVS2) followed Sakai et al. (1991), i.e., 30% glycerol,
15% dimethylsulfoxide (DMSO), and 15% ethylene glycol
(EG). Afterward, the lateral shoots were then wrapped in 3
layers with aluminum foil and were stored in liquid
nitrogen for at least two hours for cryopreservation storage.
The lateral shoots were then removed and thawed in the
water bath at 40oC for three minutes. The lateral shoots
were then incubated in a liquid MS medium for 30 minutes
to remove cryoprotectant remnants. The submerged
explants were subsequently sterilized with 5% Clorox for
five minutes, followed by rinsing with sterile aquadest
three times, and the last, explants soaked with antibiotics
(Rifampicin@) for one minute. The sterilized explants were
planted in the treatment medium, and the growth was
observed.
Planting explants
Lateral shoot explants were planted in the laminar air
flow cabinet. Each explant originated from a side shoot
growings along the papaya trees that the top of it has been
cut off. The length of explants was approximately 5 - 10
mm. Explants were put in the treatment medium using
tweezers. Each culture bottle of treatment was filled with
three explants and 10 replication. Then the culture bottle
was covered with plastic, then was tied with a rubber band
and lastly in wrapping to avoid contamination.
Observation
Parameters observed in this study were, i.e., (i) The age
of proembryo somatic or callus formation (days), (ii) The
average of explant survivals, (iii) The average of explant
contamination, (iv) The direction of explants growth, (v)
The phenotypical appearances of the cross-section of
papaya lateral shoots observed on microscope. The sample
of the lateral shoots immersed with cryoprotectants and its
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performances after it was stored in the liquid nitrogen was
made in cross-sectional preparations for comparison.
Data analysis
The study was designed as completely randomized
design with two factors, The first factor was the different
time interval treatment of immersion in cryoprotectant
solution called Plant Vitrification Solution 2 (PVS2). The
interval treatment consisted of five different times
including 0, 10, 20, 30, and 40 minutes. The second factor
was a side shoot planting medium added with plant growth
regulators (ZPT), i.e., BA (benzyl adenine) and NAA
(naphthalene acetic acid) at level concentrations of 0, 1, 2,
3, and 4 mg l-1, respectively. The treatment was replicated
10 times, and each treatment unit on the bottle contained 3
explants. The observational data were tested for diversity
by Duncan's Multiple Range Test (DMRT) test analysis at
the level confidence of 5%.
RESULTS AND DISCUSSION
The cross-section of papaya lateral shoots on
microscopic observation
The cross-section of the papaya lateral shoots in each
treatment, showed different cell conditions. On fresh lateral
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shoots (Figure 1.A) there are many chloroplasts on palisade
which are dominated by green and intercellular walls neatly
lined up. On the lateral shoots that have been immersed in a
cryoprotectant (Figure 1.B), visible green color within the
cell was reduced, while at the lateral shoots that have been
out of the liquid nitrogen (Figure 1.C-D) contents of the
cells showed a little green because the content of cell had
been replaced with cryoprotectant.
Average of explant survival and contamination
From two different factors used in this study, showed
that the average of explant survival and contaminated
explants were significantly different only in single-factor,
i.e., immersion in cryoprotectants. In Figure 2.A, it appears
that the lateral shoot explants had a different response
influenced by the duration of immersion of explants in
cryoprotectant. Immersion explants for 20 minutes gave the
high average of explant survival while the explants
immersed for 40 minutes had no one survive. Interestingly,
the observation of contamination also showed that explants
immersed in cryoprotectant solution for 20 minutes had
low contamination results, while the immersion of explants
for 40 minutes showed that overall explants were
contaminated. Moreover, results showed that explants were
not affected by a wide variety of treatment medium, which
could be observed from the survival rate of explants in
most of treatment media (Figure 2.B).

C

D

Figure 1. Cross section of papaya lateral shoot with an enlarged binocular microscope 40 x 10 brand Olympus type CX23: (i) Fresh
lateral shoot, B. Lateral shoot after immersed on cryoprotectant, C. and D. Lateral shoot after coming out from liquid nitrogen

Figure 2.A. The effect of different time of cryopreservation
immersion on the average of explant survival and contamination

Figure 2.B. The effect of cryopreservation on different media
treatments toward the average of the explant survival and
contamination
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In Table 1, it can be seen that the immersion of
explants for 10 minutes in MS medium supplemented with
2 ppm NAA gave the better survival of explants. However,
the immersion of explants for 20 minutes in medium MS
supplemented with 4 ppm BA and 4 ppm NAA gave best
results. Immersion of explants for 30 and 40 minutes
resulted in low survival of explant, even at immersed for 40
minutes no explants were able to grow in all planting
mediums.
Table 2 showed that contamination of explants was
low after explants were immersed in cryoprotectant for 10
minutes and grown in MS medium supplemented with 2
ppm NAA. The same results were also shown in explants
immersed with cryoprotectant for 20 minutes and grown in
medium 4 ppm NAA and 4 ppm BA, respectively.
Immersion of explants for 40 minutes gave the
contamination results of all used treatment media.
The induction of proembryo somatic or callus
formation and the direction growth of callus
In this experiment, the observation of the first callus or
somatic embryo was first seen on the fifteen days after
explants planted on the medium (Figure 3). Figure 3 shows
that lateral shoot as an explants which has been removed
from liquid nitrogen with immersion of explants on
cryoprotectant for 20 minutes and planted on MS medium
supplemented with 4 ppm NAA was able to survive and
grew embryogenic callus with the characteristics of
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compact, opaque, with the growth was relatively slow and
in complex structure on MS medium. From the other
results, it also showed that sole explant was being able to
survive and to form callus directly (Figure 4), so that the
further growth of callus to be plantlets and the correlation
between treated media and immersion time in callus growth
could not be defined clearly.

Figure 3. Explant formed somatic embryo

Table 1. The average level of survived explants based on the interaction between the type of media and cryoprotectant (%)
Cryoprotectant
10 Minutes
20 Minutes
BA 1 ppm
0.00 ± 0.00 f
0.50 ± 1.08 def
0.50
BA 2 ppm
1.10 ± 1.29 bcde
1.70 ± 0.95 abc
1.10
BA 3 ppm
0.80 ± 1.32 cdef
0.90 ± 1.10 bcdef
1.00
BA 4 ppm
0.50 ± 1.08 def
1.00
2.10 ± 0.99 a
NAA 1 ppm
0.40 ± 0.97 ef
0.80 ± 1.32 cdef
0.00
NAA 2 ppm
1.40 ± 1.35 abcd
0.50
2.10 ± 0.99 a
NAA 3 ppm
1.60 ± 1.07 abc
1.50 ± 1.27 abc
1.80
NAA 4 ppm
1.00 ± 1.33 bcdef
1.60
2.20 ± 0.92 a
Note: different letters in columns indicate significant differences in the level of 5%
Medium

30 Minutes
± 1.08 def
± 1.29 bcde
± 1.33 bcdef
± 1.15 bcde
± 0.00 f
± 1.08 def
± 0.92 ab
± 1.07 abc

40 Minutes
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

f
f
f
f
f
f
f
f

Table 2. The average level of contaminated explants based on the interaction between the type of media and cryoprotectant (%)
Cryoprotectant
10 Minutes
20 Minutes
BA 1 ppm
3.00 ± 0.00 a
2.50 ± 1.08 abc
2.50
BA 2 ppm
1.90 ± 1.29 bcde
1.30 ± 0.95 de
1.90
BA 3 ppm
2.20 ± 1.32 abcd
2.10 ± 1.10 abcd
2.00
BA 4 ppm
2.50 ± 1.08 abc
2.00
0.90 ± 0.99 e
NAA 1 ppm
2.60 ± 0.97 ab
2.20 ± 1.32 abcd
3.00
NAA 2 ppm
1.60 ± 1.35 bcde
2.50
0.90 ± 0.99 e
NAA 3 ppm
1.40 ± 1.07 de
1.50 ± 1.27 cde
1.20
NAA 4 ppm
2.00 ± 1.33 abcd
2.00 ± 1.05 abcd
1.40
Note: different letters in columns indicate significant differences in the level of 5%
Medium

30 Minutes
± 1.08 abc
± 1.29 bcde
± 1.33 abcd
± 1.15 abcd
± 0.00 a
± 1.08 abc
± 0.92 de
± 1.07 de

40 Minutes
3.00 ± 0.00
3.00 ± 0.00
3.00 ± 0.00
3.00 ± 0.00
3.00 ± 0.00
3.00 ± 0.00
3.00 ± 0.00
3.00 ± 0.00

a
a
a
a
a
a
a
a
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Figure 4. The formation of in vitro callus derived from lateral shoot of papaya (A, B, C) with immersion of explants on cryoprotectant
for 20 minutes and planted on MS medium supplemented with 2 ppm NAA, observed using microscope with an enlarged binocular
electric microscope 10 x 10 brand Olympus type CX23 (Bar: 1 mm)

Discussion
Cryopreservation using liquid nitrogen with a
temperature of -196 °c make the cells are in an inactive
state, where cell division and metabolic processes in cells,
tissues or organs that are stored can be stopped so that the
plant material can be stored without changes within an
indefinite period. Some tissue is often used is the apical
meristem and lateral organs of plants (embryo, endosperm,
ovule, anthers/pollen), seeds, cell culture, somatic embryos,
protoplasts, callus, and so on. The results of the whole
study showed that the growth ability of papaya lateral
shoots to produce somatic embryos after being stored in
liquid nitrogen is still low after it was stored in the liquid
nitrogen. This is presumably because explants must recover
first after being stored in liquid nitrogen, and explants must
be able to reissue a cryoprotectant that goes into plant cells
because cryoprotectant remaining in the plant cells can
poison and damage cells.
One of the survived explants was being able to form a
somatic embryo, and the other explants form a callus.
Somatic embryos papaya that derived from papaya lateral
shoots has a characteristic i.e., compact, opaque, and the
growth is relatively slow with complex structure after
grown on MS medium. Callus is observed only in cases
where the technique is not optimized. The meristematic
zone of apices, from which organized growth originates, is
composed of a relatively homogeneous population of small,
actively dividing cells, with few small vacuoles and a high
nucleo-cytoplasmic ratio (Engelmann 2004). Some of
explants that are not capable of growing allegedly damaged
cells. During freezing and melting, plant cells can be
damaged due to: (i) the adaptation from a very low
temperature, (ii) the formation of ice crystals, (iii)
dehydration, and (iv) the formation of free radicals. During
the cooling process, lipids in the membrane will undergo a
phase transition from the liquid crystal into a gel phase.
This process resulted in cell leakage, so cells become
damage, since not all the lipid has phase transition at the
same temperature. At low temperatures, some proteins in
plant cells will be inactive due to the nature of the protein
which is sensitive to low temperatures (Reinhoud et al. 2000).

Results of the survived explants are better on the
immersion with cryoprotectant for 10 and 20 minutes.
Explants that are immersed too long in cryoprotectant are
not able to grow, and many of them are contaminated. This
is presumably because long-term cryoprotectant immersion
can damage and poison cells. Cryoprotectant can poison
plant cells when it is used at high concentrations or in
elevated temperatures (Reinhoud et al. 2000).
While the addition of plant growth regulators such as
BA and NAA had no response to the explant growth,
whereas BA and NAA are expected to affect the
metabolism in the tissue explants. Lestari (2011) explains
that the use of plant growth regulators in plant tissue
culture is very important to control organogenesis and
morphogenesis in the formation and development of
shoots, roots and callus formation. There are two classes of
plant growth regulators that are often used in tissue culture,
namely cytokinin and auxin. Among the cytokine groups
are including BA (benzyl adenine), kinetin (furfuryl amino
purine), 2-Ip (dimethylallyl amino purine), and zeatin while
the auxin group are IAA (indole acetic acid), NAA
(naphthalene acetic acid), IBA (indole butyric acid), 2.4-D
(2.4-dichlorophenoxy acetic acid), dicamba (3,6-dichloroo-anisic
acid),
and
picloram
(4-amino-3,5,6tricloropicolinic acid). Research from Kasutjianingati and
Boer (2013) showed that the application of BAP and NAA
can increase the multiplication of in vitro banana shoots.
The used of lateral shoots as explants were rarely done
by researchers because of the difficulty of sterilization of
explants. Sterilization is difficult because almost all parts
of papaya produce a white liquid called sap. El Muossaoui
et al. (2001) explains that the largest component of papaya
sap is water (85%), the rest consists of carbohydrate, salt,
fat, biomolecules (glutathione and cysteine protease) and
other proteins. Papaya sap also contains enzymes,
including papain, kimopapain, and lysosomes. Some
researchers used many shoot tips as explants (Azimi et al.
2005; Wang et al. 2005; Silva 2014) because the shoot tips
no sap content and the effective way to establish in vitro
cultures for papaya is initially from seeds (Silva 2014) but
of course, the genetic germplasm stored papaya from shoot
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tips and seeds are not the same as the parent, but it is the
combination for more than 50% pollinate of the papaya is a
cross-pollination. Engelmann (2000) also explains that
explants are often difficult to regenerate after passing
through the cryopreservation process due to the complexity
of the tissue composition resulting in much difference in
sensitivity to drying and freezing.
The condition of the cell contents in Figure 1 showed
the different conditions due to the immersion treatment
with cryoprotectants. The reduction of cell contents
characterized by the reduction of green chloroplasts from
cell fluid, which was replaced with cryoprotectant solution.
The cryoprotectant solution will keep the cell during the
freezing process by increasing the concentration of the
solution and preventing the formation of ice crystals by
performing dehydration or drying stages (Simione 1998).
The function of cryoprotectants is to change some water
properties such as lowering the freezing point of water and
reaching the transition point before the occurrence of
nucleation of ice within the cell due to cellular conditions,
the transition point can be reached at about -100°C while
the ice crystals are formed before the temperature is
reached (Reinhoud et al. 2000).
The existence of storage with liquid nitrogen with very
low temperatures, makes the cell membrane must work
hard to protect the contents of the cells. The cell membrane
is the outermost part of cells that separates the intracellular
components and the environment outside the cell. The main
tasks of cell membranes include forming a permeable
barrier. Cell membrane protection mechanisms include; (i)
increased hydration of phospholipids in the polar head
group on the surface of the plasma membrane, (ii) the
accumulation of compatible osmolites such as soluble
carbohydrates, (iii) anti-freeze protein accumulation in the
apoplastic space, and (iv) changes in the reticulum
endoplasm (Fujikawa dan Jitsuyama 2000).
Based on research results, it can be concluded that the
ability of papaya lateral shoots to produce somatic embryos
after being stored in liquid nitrogen is still low because of
the difficulty of sterilizing the lateral shoots as an explant
and the ability to recover less. Cryopreservation of lateral
shoots that are immersed in cryoprotectant for 10 and 20
minutes gave survival of explants more better and the
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addition of the plant growth regulator on medium has not
yet influence on the growth of papaya lateral shoots.
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Abstract. Ariyanto D, Bengen DG, Prartono T, Wardiatno Y. 2018. Short Communication: The relationship between content of
particular metabolites of fallen mangrove leaves and the rate at which the leaves decompose over time. Biodiversitas 19: 780-785.
Fallen mangrove leaves contain metabolites that play a role in their decomposition in coastal conditions. This research was conducted
from September 2016 to February 2017 in Pasar Banggi, Rembang, Central Java, with the purpose of investigating the impact of the leaf
metabolites of various mangrove species on the rate of decomposition of the leaves in exposed litter bags The results suggested that
secondary metabolites are closely involved in the decomposition of the mangrove leaves. The fastest rate of decomposition was found in
Avicennia marina, and the slowest in Rhizophora stylosa. The leaves of A. marina required 10 days (half-life, t50) to decompose by 50%
and this was closely related to the phosphorus content of the leaves. On the other hand, R. stylosa required 24 days (half-life, t50) to
decompose by 50%.
Keywords: Decomposition, mangrove leaves, mass loss, Pasar Banggi coast, phosphorus, tannin

INTRODUCTION
The Pasar Banggi coast in Rembang, Central Java is
fringed by various species of mangrove such as Rhizophora
mucronata Lam., Rhizophora apiculata Blume, Rhizophora
stylosa Griff., Avicennia marina (Forssk.) Vierh., and
Sonneratia alba Sm. Such mangrove biomass contains both
primary and secondary metabolic constituents. Mangroves
are recorded as producing 100,000 to 200,000 types of
secondary metabolites (Ralston et al. 2005). Secondary
metabolites produced by plants are organic compounds
with bioactive effects. The secondary metabolites of
mangroves are produced in varying amounts determined by
both genetic and environmental influences (Covelo et al.
2011). The secondary metabolic compounds of mangroves
are particularly rich within the leaves (Covelo et al. 2011).
Types of secondary metabolites in mangroves include
tannins, sugars, free amino acids, and proteins among
others (Yan and Guizhu 2007, Takemura et al. 2000). Their
concentrations vary according to vegetation type (Hernes
dan Hedges 2004), growing phase (Lin et al. 2006), and
environment conditions (Northup et al. 1998). Sea-soaked
leaves of mangrove released sugars, proteins, polyphenols,
and inorganic nutrients to the water environment in a
relatively short time.
Mangrove forest is a carbon-rich ecosystem of the
tropical regions. It is highly productive, and its leaf fall
decomposes readily in the coastal environment.

Decomposition is an important phase in the nutrient cycles
of mangrove ecosystems. Decrease in weight of fallen
mangrove leaves due to decomposition requires time and
depends on the degree of washing to which the leaves are
exposed (Mfilinge et al. 2005). Mangrove leaves
decompose at different times and rate. The decomposition
process starts with simple physical and chemical changes
(Imgraben and Ditmmann 2008) which a drive the carbon
and nutrient cycles in the mangrove ecosystem (Holguin et
al. 2001; Hessen et al. 2004; Norris et al. 2012). The time
rate of decomposition varies according to three main
factors; the condition of the environment, the community
of decomposers, and the substrate quality (Castanho and de
Oliveira 2008). Tide promotes the shedding of leaves and
the rate of microbial decomposition (Boulton and Boon
1991). Due to the activity of decomposers and currents and
other transport processes, nutrients such as nitrogen and
phosphorus become available for primary producers and
higher organisms in the food chain (Wardle et al. 2004).
The decomposing process can be assessed by measuring
the weight decrease due to loss of materials such as sugars
and tannin compounds (Davis et al. 2003; Kristensen et al.
2008). Kandil et al. (2004) reported that decomposition is
affected by tannins that act as defenses against herbivores.
The products of the decomposing process can be utilized
and consumed by benthic organisms (gastropod) (Kursar
and Coley 1991; Ariyanto et al. 2018).
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In the research described in this paper, we aimed to
reveal the role of certain secondary metabolites in the
decomposition of leaves of various mangrove species on
the Pasar Banggi coast of Rembang, Central Java,
Indonesia.
MATERIALS AND METHODS
Study area
This research was conducted from September 2016 to
February 2017 along the Pasar Banggi coast, Rembang,
Central Java, Indonesia (Figure 1). The sampling locations
were five stations each with a different mangrove species:
they were station 1 (Rhizophora mucronata); station 2
(Rhizophora apiculata); station 3 (Sonneratia alba); station
4 (Rhizophora stylosa); and station 5 (Avicennia marina).
These stations were purposely selected to represent the
typical mangrove population growing in each. Each station
had three sub-stations.
The measurement of leaf decomposition
The rate of leaf decomposition at each station was
measured for leaves freshly fallen from the mangrove trees.
The decomposition rate was determined using the mesh bag
technique with bags 16 cm by 21 cm in size and with a
mesh size of 1 mm. This mesh size was used to prohibit
mesofauna accessing the bags and thus affecting the extent
of apparent microbial decomposition. The bags were placed
up on 30 cm of sediment to prohibit predators (Figure 1.A),
and were suspended to avoid direct contact with the
sediment bed and above the level of the sea-water flux and
reflux (Figure 1.B). Mangrove leaves typical of the species
at each station on the Pasar Banggi coast -namely, R.
mucronata, R. apiculata, R. stylosa, S. alba, and A. marina
-were placed in the mesh bags, i.e., 50g of leaf in each bag.

781

Measurements of leaf dry weight in the bags were carried
out on day 0, day 30, and day 60. Rates of leaf
decomposition were then determined using the formula of
Ashton et al. (1999): Xt = Xo e -kt. Where Xo is the mass of
the initial material, Xt is the mass remaining after time t
(days) and k is a decay coefficient (days-1). The half-life
(t50) is the time required for half of the initial mass to decay
away and is determined as t50 = ln 2 /K).
The measurement of leaf metabolite content
Before decomposition had started, collected leaves
fresh from the field were divided into groups according to
species of mangrove. For estimating metabolite content, the
leaves were washed and then dried at 80°C temperature.
The measurement of secondary metabolites was conducted
in the Laboratory of Food Science and Technology in
Bogor Agricultural University, Indonesia. The metabolites
determined were tannins (Hagerman and Butler 1978),
phosphorus (Anderson and Ingram 1989) and total sugar
(Dubois et al. 1956) by using a spectrophotometer.
Meanwhile, total amino acids were determined using used
an HPLC (Moore and Stein 1948).
Data analysis
The relationship between the content of secondary
metabolites in the various types of mangrove leaves and the
rate of decomposition of the leaves was investigated by
using Correspondence Analysis (CA). The analysis on row
data matrix (mangrove species; decomposition rate) and
column (metabolites content; tannins, total sugar,
phosphorus, and total amino acids) purposed to discover
the relationship between the metabolites compounds and
decomposition rate of mangrove leaves). The analysis was
conducted with XLstat 2016 software.

A
Figure 1. The decomposition measurement conditions at low tide (A) and high tide (B)

B
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RESULTS AND DISCUSSION
Metabolite compounds
The research showed that the five mangrove species
varied in the tannin, total sugar and phosphorus contents of
their leaves. Leaves of A. marina had the lowest content of
tannin and S. alba leaves had the highest content of tannins
out of the five species; leaves of A. marina had the highest
and R. apiculata the lowest content of total sugars (Table
1). The total amino acid content of mangrove leaves on the
Banggi Coast was 4.52 to 5.55 mg/g. R. mucronata leaves
contained the lowest content of amino acid out of the five
mangrove species. The amino acid content of the leaves in
our study ranged from highest to lowest as follows: R.
apiculata > A. marina > R. stylosa > S. alba > R.
mucronata.
Decomposition of leaves over time
The dry weight of the leaves in the mesh bags declined
by 31-100% over the research period of 60 days (Figure 2).
Observation after 30 days showed that leaves of S. alba had
experienced the slowest rate of decomposition, having
declined in dry weight from 50 g to 35.6±9.9 g; while
leaves of A. marina had experienced the steepest decline in
dry weight, down to 6.3±2.3 g at day 30. Observation after
60 days showed that leaves of A. marina had experienced
the greatest decline in dry weight during the decomposing
process, with 0 g remaining in the mesh bags; while R.
stylosa had experienced the least decline in weight, down
to 9.5±2.8 g at day 60. At day 60, the decline in leaf dry
weight, ranked from greatest decline to least, was as
follows: A. marina > S. alba > R. mucronata > R.
apiculata > R. stylosa.
There were observed physical differences between the
mangrove leaves samples placed in the bags. Leaves of A.
marina were observed to be the thinnest of the mangrove

species compared in this study. This was probably an
important factor in their high rate of decomposition.
Observation suggested that the thicker the leaves were the
slower was the extent of decomposition over the 60 day
period.
Calculation of the decomposition rate constant (k)
revealed differences between the species; the values for k
varied from 0.028 to 0.065 across the species (Table 2).
The k value (0.028) for S. alba was the lowest which
indicated that S. alba had the slowest rate of leaf
decomposition of the five species. Therefore it required
longer time than the others to decompose. Meanwhile, R.
stylosa and R. apiculata have the constant value of 0.079
and 0.041 , higher than the others. For A. marina there was
a more rapid initial rate of decomposition with the weight
of remaining leaf falling close to zero well before the 60th
day. The decomposition rate constant for the species
ranked from highest to lowest as follows A. marina > S.
alba > R. apiculata > R. mucronata > R. stylosa.

Figure 2. Decomposition in mangrove leaves on the Pasar Banggi
Coast of Rembang, Central Java, Indonesia. Note: Rm =
Rhizophora mucronata, Rs = Rhizophora stylosa R = Rhizophora
apiculata, Sa = Sonneratia alba, Am = Avicennia marina

Table 1. The content of tannin, phosphorus, total sugar, and total amino acids in leaves of various species of mangrove on the Pasar
Banggi coast of Rembang, Central Java, Indonesia
Mangrove sp.

Tannin (mg/g)
Total sugar (mg/g)
Phosphorus (mg/g)
Amino acid (mg/g)
Study Comparison Study
Comparison
Study
Comparison
Study
Comparison
R. mucronata
4.39
1.231-5.71a
0.44
0.06-1.231 a
17.08
0.98-4.93 a
4.52
5.71-9.49 a
R. apiculata
1.07
0.4-1.23 b
0.35
0.3 e
4.64
7.12 h
6.05
3.2 l; 1.4e
c
f
i
R. stylosa
2.69
9.32-9.74
0.52
0.04-0.06
9.36
4.82±2.09
5.42
1.9 k
c
f
j
S. alba
7.09
7.60-8.17
0.85
0.05-11
15.12
6
5.21
4.7 k;1 l
A.marina
0.85
3.73 d
0.9
0.85-0.99;0.5 g,e
27.18
31.71±6.56 d
5.55
1,9 k1.5 e
Note: Balakrishnan et al. 2016 a, Ravi and Kathiresan 1990b, Suh et al. 2014c, Zhou et al. 2010d, Rajendran and Kathiresan 2000 e , Yan
and Guizhu 2007 f, Fukushima et al. 1997 g , Gong and Ong 1990 h, Lin and Wang 2001 i, Telave 2015 j, Popp et al. 1983k, Telave 2015l

Table 2. Value of decomposition rate constant (k) for mangrove leaves on the Pasar Banggi coast of Rembang, Central Java, Indonesia.
Mangrove
R. mucronata
R. apiculata
S. alba
R. stylosa
A.marina

Day
60
60
60
60
60

Present study
k
0.035
0.040
0.041
0.028
0.065

t50
19
17
17
24
10

R2
0.79
0.78
0.77
0.88
0.96

Day
47
43
31
63
21

Comparison study
K
Reference
0.10
Bosire et al. 2005
0.016
Ashton et al. 1999
0.16
Bosire et al. 2005
0.010
Irma 2010
0.014
Fernando and Bandeira 2009
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Figure 3. The correlation between content of metabolites and the
decomposition rates of decomposition of leaves across five
mangrove species based on Correspondence Analysis (CA). F1 is
the first axis of the Correspondence Analysis and F2 is the second
axis

The relationship between decomposition rate and the
metabolites content of mangrove leaves
The leaf dry weight measurements from which
decomposition rates were calculated were taken on three
occasions; day 0, day 30, and day 60. The measurement of
secondary metabolite content of the mangrove leaves was
conducted on a single occasion at the beginning, before the
decomposition process began. Figure 3 shows the
relationship between rate of decomposition and secondary
metabolite contents in the mangrove leaves as depicted on
the first two axes of a Correspondence Analysis plot. The
result of the Correspondence Analysis showed that 71.5%
of the total variation was accounted for by the first axis
(F1) and 25.6% was accounted for by the second axis (F2),
the two axes together accounting for 97.1% of the total
variation. The Correspondence Analysis suggested that
there was a close relationship between particular secondary
metabolites and the rate of leaf decomposition of the
different mangrove species. Tannin content was inversely
proportional to the decomposition rate (-0.615) and
phosphorus content was directly proportional to the
decomposition rate (0.51). It showed that the lower the
content of tannin is, the faster the decomposing rate will be.
Discussion
This research was designed to determine the amino
acid, tannin, total sugar, and phosphorus contents of leaves
of the mangrove species Rhizophora mucronata,
Rhizophora apiculata, Sonneratia alba, Rhizophora
stylosa, and Avicennia marina, and to see if these chemical
constituents influenced the rate at which the leaves
decomposed in a controlled experiment on the Pasar
Banggi coast of Rembang in Central Java. In this study, the
main metabolites that were found to apparently influence
leaf decomposition rate were tannin and phosphorus. In
other studies, high concentration of tannin has been found
to play a role in inhibiting the activity of detritivores and
microbial decomposers (Robertson 1988). Differences in
leaf tannin concentration have been reported to lead to
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differences in decomposition rate and microbial activity
(Ellison and Farnsworth 1997; Tam et al. 1998). The rate of
leaf decomposition is influenced by leaching of watersoluble compounds such as tannins, amino acids, and sugar
(Rajendran and Kathiresan 2000). A slower rate of
decomposition results from higher concentrations of lignin
and hydrolyzed-tannins.
In our study, leaves of A. marina on the Pasar Banggi
coast, of Rembang, Central Java had a faster rate of
decomposition than leaves of the other mangrove species
assessed. This was also reported by Robertson (1988) who
found in Australia that A. marina contained lower levels of
hydrolyzed-tannin and degraded faster than R. stylosa. In
India, Rajendran and Kathiresan (2000) reported that the
tannin concentration declined to 63.3% in R. apiculata and
38.8% in A. marina after 40 days of decomposition.
Similarly, Rajendran and Kathiresan (2007) reported lower
tannin concentration in A. marina than in R. apiculata
during the first three weeks of decomposing, after which,
the concentration of tannin was similar in both species.
Cundell et al. (1979) also noted declining tannin
concentration after 27 days of the decomposing process.
Steinke et al. (1993) reported that in the early stages of
leaf decomposition, soluble organic compounds such as
sugars are washed out of the leaves, while more durable
materials, represented in the dry-weight of the leaves, break
down at a slower rate (Steinke et al. 1990). The degradation
and decomposition of mangrove leaves can be affected by
the frequency of sea flux and reflux (Dick and Osunkoya
2000; Mfilinge et al. 2002; Bosire et al. 2005). The level of
decomposition is higher in the sub-tidal area than in the
intertidal area, as a result of sea water submersion and
washing away of materials. In our study, leaves of A.
marina decomposed faster than leaves of R. mucronata.
Differences in the morphology and texture of the leaves
could be factors along with chemical constituents such as
tannins in the differences in decomposition rate (Alongi et
al. 2000). Damage to ecosystems of mangrove could cause
differences in rates of mangrove decomposition, with rollon effects on microbiological activity, aerobic condition of
the bottom sediments and on dependent fauna communities
(Clough et al. 2000; Morrisey et al. 2003; Ye et al. 2013).
Our research revealed that the decomposition of R.
mucronata, R. stylosa, and R. apiculata leaves required a
longer time than leaves of A. marina a result that confirmed
the findings of Wafar et al. (1997) and Hoosain et al.
(2014).
Robertson (1998) reported that the decomposition of
mangrove leaf litter in tropical area required 40 days to
decompose 50% of the dry matter. Ashton et al. (1999)
reported a half-life of 43 days for leaves of R. apiculata in
a conservation mangrove forest on the Malaysian
Peninsula. When the decomposition process is slow the
nutrient loss from the leaves and consequent nutrient
enrichment of the environment declines (Lacerda et al.
1986).
The decomposition rate (k) on the Pasar Banggi coast of
Rembang ranged between 0.028 and 0.079 in our study.
The value for k of R. stylosa (0.079) was higher than the k
value for S. alba (0.028). In general, the k values in our
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study can be regarded as high, since according to the
classification of Ananda et al. (2008), values of k>0.01
reflect fast decaying leaves, values of k between 0.005 and
0.01 are obtained from leaves that decay at medium rates,
and slow decaying leaves have values of k <0.005.
The tannin content of mangroves plays a role in several
ecological processes (Hernes et al. 2001, Kraus et al.
2003). Tannins have an impact on growth, development,
and reproduction, and act as defensive agents against biotic
and abiotic pressures (Achakzai et al. 2009). High tannin
levels can slow down the cycling of nutrients (Madritch
and Lindroth 2015). Tannins leached from the leaves
during initial breakdown eventually decompose and are
transformed by biotic and abiotic processes in the watery
environment (Hattenschwiler and Vitousek 2000; Kraus et
al. 2003; Maie et al. 2008).
In conclusion, the rate of decomposition of mangrove
leaves in our study ranked from the highest to lowest the
lowest rate was as follows: A. marina> S. alba > R.
mucronata > R. apiculata > R. stylosa. The fastest
decomposition was A. marina (k=0.065), and the slowest
one was R. stylosa (k=0.0282). The relationship of the
faster decomposition of mangrove leaves affected by the
high phosphorus and the low tannin in A. marina.
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Abstract. Hidayati N, Hamim H, Sulistyaningsih YC. 2018. Phytoremediation of petroleum hydrocarbon using three mangrove species
applied through tidal bioreactor. Biodiversitas 19: 786-792. Mangrove is important component in coastal ecosystems that often faces
environmental pollution including industrial waste, particularly oil waste (petroleum hydrocarbon). This study was aimed to analyze the
growth, anatomical, and physiological responses of three mangroves species to petroleum hydrocarbon contaminant applied using tidal
bioreactor (ebb flow system) as a model of sea-shore environmental condition. The experiment was carried out using completely
randomized design with two factors i.e.: three species of mangrove (Rhizophora sp., Avicennia sp. and Bruguiera sp.) and four levels of
petroleum concentration (0%, 10%, 20% and 30%) exposed using tidal bioreactor for 30 days. The parameters observed in this
experiment were plant viability, total petroleum hydrocarbon (TPH) of media, plant growth, pH of media and roots malondialdehyde
(MDA) content. Leaf anatomy was also analyzed to distinguish accumulation and translocation of oil compounds into leaf tissues. After
30 days of treatments, Rhizophora sp. had the highest viability and was able to reduce the higher level of TPH in the media compared to
those of Avicennia sp. and Bruguiera sp. Petroleum hydrocarbon treatment caused the decrease of shoot and root growth of all species,
as well as pH of the media, while it significantly increased malondialdehyde of the roots. Anatomical data showed that petroleum
hydrocarbon was absorbed and translocated into the guard cell of the stomata. The result shows that Rhizophora sp. was the most
tolerant mangrove species to petroleum hydrocarbon compared to Avicennia sp. and Bruguiera sp., indicated by its survival, the
decrease of petroleum hydrocarbon in the sediment, and lower MDA content.
Keywords: Malondialdehyde, mangrove, oil contaminant, phytoremediation, Rhizophora, total petroleum hydrocarbon

INTRODUCTION
Riau Province, Indonesia has mangrove forest area
more than 120,000 ha (BPS 2016), where 14062.50 ha are
in Dumai City (BPS 2013). The area of the forest had been
declining for a long time due to human activities around the
forest. The data presented by research team of Yayasan
Laksamana Samudera for example, showed that within 4
years (1998-2002) mangrove forest in Dumai had been lost
more than 471 ha, which was similar to a decrease of 7.99
percent (PAB 2014). This decrease might be caused by
human activities including oil industry activities around
this area and even oil carrier crashed that may happened,
which resulted in various environmental and economic
losses and the decrease of carrying capacity of the natural
resources around the city. Process of drilling and refining
of oil sometimes also produces oil sludge, which is among
the dangerous pollutants contaminating the surface of water
in mangrove forest..
Among those pollutants,, petroleum hydrocarbon is one
of the most common organic pollutant groups that is
persistent in the environment, which is normally quantified
with a common parameter known as Total Petroleum
Hydrocarbon (TPH) (Suhardi 2014). Hydrocarbon
derivatives such as gasoline, kerosene, paraffin, asphalt,
and others are also commonly used by the community,
risking spills to the environment. All of those conditions
may have big impact on the surface layers, surface water
and groundwater sources (Notodarmojo 2005; Cubillos et

al. 2014). Therefore, some efforts to restore the coastal
environment are urgently needed in order to maintain the
ecological ecosystem balance.
Phytoremediation has been promoted as a potential
method that becomes a better alternative due to its
efficiency, affordability, and contribution to environmental
safety (Espinosa et al. 2005). Phytoremediation is a part of
biotechnology that utilizes physiological processes in plant
body to increase the degradation and reduction of organic
as well as inorganic contaminants from the soil, water and
groundwater medium (EPA 2000). Phytoremediation may
utilize various plants including grasses (Glick 2010),
shrubs (Altinözlü et al. 2012), trees (Setyaningsih et al.
2007; He et al. 2013) as well as aquatic plants (Rai 2008;
Sakakibara et al. 2011).
In Dumai, mangrove is one of important component in
coastal ecosystems that often face environmental pollution
derives from oil industry waste or even oil tanker accidents.
In this area, mangrove plants have important role to
improve the environment in coastal area, and therefore the
plants can be used in phytoremediation program. Previous
study suggested that some mangrove species such as
Rhizophora sp. and Avicennia sp were able to be used in
phytoremediation
because
they
had
absorbent
characteristics and were not sensitive to the presence of
TPH in the sediment (Moreira et al. 2011). The tolerance
level of those species sometimes is associated with their
capacity to adjust their structural and physiological changes
in response to unfavorable environments. As an example,

HIDAYATI et al. – Mangrove for phytoremediation of petroleum hydrocarbon

Diab and Bolus (2012) noted that the anatomy of Avicennia
marina was changed due to the presence of oil pollutants
stored in the leaf and plant roots. Other species may have
different mechanism in response to pollutants. This study
aimed to analyze the growth, anatomical and physiological
responses of three mangrove species to petroleum
hydrocarbon contaminant applied using ebb flow system to
investigate the mechanism of tolerance and the prospect for
phytoremediation.
MATERIALS AND METHODS
Sediment and oil preparation
Sediment that was used in this study was collected
from the Mangrove Conservation Area of Bandar Bakau,
Dumai City, Riau, Indonesia. Sediment samples were
collected randomly from five sites. The samples were
filtered and separated from rocks, and plant materials then
mixed together in a plastic container to ensure uniformity.
Oil pollutant that was used in this study was obtained from
National Oil Company Pertamina Ltd. RU II Dumai.
Procedures
Mangrove seedling preparation
In this study, mangrove seedlings were prepared from
the propagules obtained from the Conservation Area of
Bandar Bakau Dumai. Three species of mangroves were
used in the experiment, i.e., Rhizophora sp., Avicennia sp.,
and Bruguiera sp. Three months old seedlings were
acclimatized for 1 week in the bioreactor before being
treated with petroleum hydrocarbons.
Experimental design
This study was carried out using Completely
Randomized Design with two factors, i.e., three mangrove
plants (Rhizophora sp., Avicennia sp. and Bruguiera sp.)
and four levels of petroleum concentration (0%, 10%, 20%
and 30 %) with 5 replications.
Tidal bioreactor for planting
Tidal bioreactor was designed to resemble the tidal
conditions in mangrove ecosystem environment by
applying the tidal hydroponic system (ebb flow system)
with 2 times ebb and 2 times flow, each of which was
running for 6 hours as shown in Figure 1.

Figure 1. Design of tidal hydroponics bioreactor system (ebb
flow system)
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Plant growth measurement
Plant growth was observed by measuring plant height,
the number of new roots and viability of the mangrove
plant. Plant height was measured from the base of stem to
the top of the shoot. Mangrove viability was calculated
from the number of plants that were still alive after 30 days
of treatment. Plant morphology including the changes of
leaves color was also observed during the application with
TPH treatments.
TPHs Determination
Total petroleum hydrocarbons (TPHs) in soil were
determined using the EPA 418.1 method (EPA 2000). The
grinded soil samples were weighed 5 grams in vials, then 2
g of sodium sulfate and 10 mL of TCE
(Tetrachloroethylene) were added and stirred for 1 hour.
Samples were allowed to stand for 1 minute to separate
residues and solvents. The solvent layer was poured on a
column that had been filled with 2 g of silica gel 70-230
mesh and then the absorbance of the solution was measured
using IR spectrophotometer HC-404. The absorbance was
recorded and the solution was diluted if the absorbance was
more than 2.00. The TPH value was calculated as follow:
TPH = Cx fp TPH = %TPH x 10000
Where:
C is the measured level (mg/L)
fp is the dilution factor
PH measurement
The pH measurements of the medium were carried out
using a digital pH meter at the beginning and the end of the
experiment. Calibration was carried out using a buffer
solution at pH 4 and 7. The changes of pH value were
calculated from the initial pH minus the final pH of the
study.
Lipid peroxidation analysis
Malondialdehyde (MDA) level is a common parameter
to evaluate lipid peroxidation in membranes and biological
systems, as well as indicators of free-radical formation in
plant tissues (Halliwell and Chirico 1993). Lipid
peroxidation was calculated by measuring the level of
MDA using the method described by (Meriga et al. 2010).
The 0.3 g of roots were weighed and homogenized with
mortar, after which 5 ml of 0.1% TCA was added and
centrifuged at 10000 x G for 5 min. After centrifugation, 1
ml of supernatant was mixed with 4 ml of 0.1%
thiobarbituric acid in 20% TCA, and the mixture was
incubated in boiling water for 30 min. Absorbance was
measured
using
a
spectrophotometer
(Genesys
Thermospectronic, USA) at 532 nm wavelength and
adjusted for non-specific absorbance at 600 nm. The
difference in absorbance at both wavelengths is the value
of MDA concentration as the lipid peroxidation end
product. The MDA content was estimated by using the 155
(mmol/L/cm) extinction coefficient.
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Data analysis
All quantitative data were analyzed using SPSS 22.0 to
examined Analysis of Variance (ANOVA), followed by
further analysis using Duncan’s New Multiple Range Test
(DNMRT) at α = 5% to verify the response of mangrove
species to petroleum treatment.
RESULTS AND DISCUSSION
Plant viability and TPH of the media
Petroleum treatment applied using tidal bioreactor
significantly reduced plant growth and viability or survival
depending on mangrove species and TPH concentration.
The data related to the response of these plants and TPH
concentration in the media is presented in Table 1. After 30
days of petroleum treatment, Rhizophora sp. had the
highest survival rate which reached 100% followed by
Bruguiera sp. and Avicennia sp., that was 65% and 60%,
respectively (Table 1). The treatment of oil in the media
with various concentrations did not affect the survival rate
of Rhizophora sp.; while, it decreased that of the others
significantly even until 20% for Avicennia sp. (Table 1),
suggesting that Rhizophora sp. was more resistant and
adaptable to oil pollutant in the media than the other two
species. Some chlorotic symptoms were observed on the
leaves of Bruguiera sp. and Avicennia sp, which led to the
death of some sample plants before 30 days. All the
remaining plants that survive were able to grow well after
experiment when they were transplanted to the normal
media.
The observation of the media after 30 days of the
treatment showed that residual TPH content in the media
was varied depending on mangrove species. The lowest
residual TPH was found in Rhizophora sp. (15.65 ppm)
followed by Avicennia sp. and Bruguiera sp., i.e., 26.98
ppm and 32.44 ppm, respectively (Figure 2). This indicated
that Rhizophora sp. had the ability to reduce TPH content
of the media more than the other two species. Higher
reduction of TPH content in the media of Rhizophora sp.
confirmed the ability of the species to reduce hydrocarbon
contaminant from its environment (Figure 2).

The growth of mangrove
The response of mangrove to TPH treatments was also
observed by measuring parameters of growth, including the
increase of plant height and the number of new roots
appeared during the treatment. The decrease of plant
growth calculated from plant height was occurred in the
three species of mangrove in response to petroleum
concentration where Avicennia sp. had the largest reduction
at 30% petroleum concentration (Figure 3). Rhizophora sp.
had the lowest growth rate compared to the other two
species, while the growth of Bruguiera sp. was average.
Different from Rhizophora sp. and Avicennia sp., growth
reduction of Bruguiera sp. was not significantly different
as compared to that of control plants (0% of petroleum) in
response to petroleum treatment up to 30% concentration
(Figure 3).
Table 1. Effect of treatment of petroleum concentration on
viability of 3 mangrove plants
Oil
treatment
Plant viability (%)
(%)
0
100 a
100 a
100 a
100.0
10
100 a
60 b
60 b
73.3
20
100 a
60 b
60 b
73.3
30
100 a
20 d
40 c
53.3
Average
100
60
65
75
Note: The number followed by similar letter does not significantly
different based on Duncan Analysis at 5% of α

40

ResidualTPH
TPHContent
content(ppm)
(ppm)
Residual

Histochemical analysis of leaves and roots tissues
Preparation of leaf paradermal tissues was carried out
by scraping adaxial parts of the leaves to get the abaxial
samples. The preparation of leaf and roots transversal
section was carried out by cutting leaves and roots using a
frozen microtome (Yamato RV-240) with a thickness of
17-20 μm. The leaf sections were immersed to 70% ethanol
for 1 min then stained in filtered solutions of Sudan IV in
70% ethanol for 30 min at 40oC in water bath, and washed
rapidly with 70% ethanol (Boix et al. 2011). The section
was placed in the object glass and closed by cover glass
after added by glycerin. Samples were examined, and the
photograph was taken using a light microscope camera
(Olympus CX23 Microscope).

32.44

35

26.98

30
25
20

15.65

15
10
5
0

Rhizophorasp.
sp.
Rhizophora

Avicennia sp.
sp.
Avicennia
Mangrove species
Mangrove
species

Bruguiera
Bruguierasp.
sp.

Figure 2. The residue of TPH observed from the media grown by
3 mangrove species after 30 days treatment

High increase (cm)
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Petroleum concentration (%)

Figure 3. The increase of plant height after 30 days of petroleum
treatment
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Lipid peroxidation analysis
The negative effect of petroleum treatment was also
observed, indicated by the increase of malondialdehyde
(MDA) content in the root tissues of all mangrove species
which suggested the occurrence of lipid peroxidation. The
increase of MDA levels occurred in line with the increase
of petroleum concentration observed in all mangrove
species. The increase of MDA levels in the roots indicated
that the plants underwent stress due to the petroleum
treatment. Three species of mangroves showed different
responses to the petroleum treatment; the content of MDA
in the roots of Rhizophora sp. was lower than that of
Avicennia sp. and Bruguiera sp. under all petroleum
treatments. The MDA of Bruguiera sp. was the highest
among the three species in almost all treatments (Figure 5).
Histochemical analysis of leaves and roots tissues
Anatomical analysis of mangrove leaves was carried
out to observe the absorption, distribution and
accumulation of hydrocarbon compounds into the plant
tissues especially in the leaf tissues, including stomata. The
accumulation of petroleum hydrocarbon compounds in all
mangrove species was found in roots and leaves. The
observation of paradermal tissues using Sudan IV solution
showed that petroleum accumulation was occurred in
mangrove leaves. The accumulation of petroleum was
observed in adaxial as well as abaxial of epidermal leaves
of all mangrove species, which was marked by the

Table 2. Effect of treatment of petroleum concentration on
sediment pH reduction after 30 days
Mangrove
species
Rhizophora
sp.

Avicennia
sp.

Concentration
(%)
0
10
20
30

pH
Before
5.85 a
5.45 a
5.36 ab
5.26 ab

pH
After
5.67 a
4.65 b
4.51 bc
4.30 c

pH
Reduction
0.18 c
0.80 ab
0.85 a
0.96 a

0
10
20
30

5.10 ab
4.95 b
4.93 b
4.86 b

4.80 b
4.70 b
4.67 b
4.59 b

0.30 c
0.25 c
0.26 c
0.27 c

0
5.72 a
5.51 a
0.21 c
10
5.58 a
4.95 b
0.63 b
20
5.56 a
4.87 b
0.69 b
30
5.38 ab 4.69 b
0.69 b
Note: The number in the similar column followed by similar letter
does not significantly different based on Duncan Analysis at 5%
of α
Bruguiera
sp.

Number of root

The changes of pH of planting medium
In general, petroleum treatment during 30 days
decreased pH of the media. The decrease of pH occurred in
all mangrove species treated with different petroleum
concentrations. The decrease of pH medium in treated
plants was higher than that in the control plants, except in
Avicennia sp. In Rhizophora sp. and Bruguiera sp. the pH
of the media treated with petroleum was more acidic than
the control media, where the higher concentration of
petroleum tended to reduce pH of the mangrove medium
more (Table 2).

appearance of yellowish-orange to red color in the object
(Figures 6 and 7). The accumulation of petroleum inside
the leaves was clearly observed in the stomata of
Rhizophora sp. and Bruguiera sp., while for Avicennia sp.,
the accumulation of petroleum in the stomata was not
clearly visible because it was covered by heavy trichome
on the leaf surface (Figure 6.H). Petroleum treatment also
affected the color of trichome in Avicennia sp. in which the
trichome of control plant was brighter compared to the
mangroves treated with petroleum which had darker color
(Figures 6.F and H).

Petroleum concentration (%)

Figure 4. The number of new roots that appear on mangrove
plants after 30 days of petroleum treatment

MDA level (μmol)

Petroleum treatment not only affected the shoot growth,
but also involved in the emergence of new roots, the
important organs required to absorb water and nutrients.
The result showed that there was a decrease in the number
of new roots that emerged after 30 days of petroleum
treatment (Figure 4). Rhizophora sp. and Avicennia sp. had
relatively equal number of new roots at control level, but in
the TPH treatment, Rhizophora sp. had more new roots
than Avicennia sp. The number of new roots in Bruguiera
sp. was less than in Rhizophora sp. and Avicennia sp., both
in the control and petroleum treatments. Bruguiera sp. had
the slowest root growth compared to the others, but the
decrease of root growth was not significantly different in
response to petroleum treatments. Based on the data of
shoot and root growth, it can be seen that petroleum
treatment had a varied influence in mangrove growth,
where the roots were more sensitive to the presence of
petroleum hydrocarbon compounds compared to the
shoots.
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Petroleum concentration (%)

Figure 5. Effect of petroleum concentration treatment on MDA
level on root of mangrove plant
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Figure 6. Paradermal observation of mangrove leaves. Rhizophora sp. (A, B, C, and D), Avicennia sp. (E, F, G and H) and Bruguiera
sp. (I, J, K and L)
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Figure 7. Transversal observation of mangrove leaves. Rhizophora sp. (A, B, C, and D), Avicennia sp. (E, F, G and H) and Bruguiera
sp. (I, J, K and L)
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Discussion
The presence of hydrocarbon compounds in the media
applied using tidal bioreactor caused disturbances to the
mangrove plants, which was observed by the decrease of
survived mangrove or mangrove viability after petroleum
treatment. The higher viability revealed the better tolerance
level of mangrove in response to TPH contaminant, as
indicated by Rhizophora sp. (Table 1). The decrease of
viability indicated the mortality rate of mangrove 1 month
after exposure to petroleum treatment. The mortality of
some mangrove species can also be observed by the
presence of chlorosis and necrosis symptom, which leads to
leaf abscission and even plant death (Data not shown).
Symptoms of mangrove mortality such as leaf loss, drying
bark and the appearance of fungi or bacteria was previously
observed by other researchers (Pakpahan 1993). The
chlorosis symptom occurred due to the increase
concentration of petroleum hydrocarbon compounds taken
up by roots and accumulated inside the leaf. Chlorophyll
damage and photosynthesis inhibition was also observed in
mangrove treated by petroleum, which led to leaf
abscission (Naidoo et al. 2010). Symptoms of the damage
appeared on the tip and root meristem which interfered
with the function of the roots, whereas in the leave they
occurred via dilation and distortion of the chloroplast
(Naidoo and Naidoo 2016).
The presence of petroleum hydrocarbon compounds in
plant tissues also caused a significant increase of MDA
level in the roots, which caused major damage to plant
tissues (Figure 5). The levels of MDA indicated the
formation of ROS in the plant tissue and lipid peroxidation
activity in the membrane (Halliwell and Chirico 1993). The
increased oxidative compounds due to hydrocarbon
contaminant can interfere with carbon metabolism in the
leaves, decrease root respiration and disrupt the water and
ion relationships so that the plant growth becomes
disrupted (Proffitt et al. 1995; Parida et al. 2004). Even
though the values varied among the three species, the
increase of MDA levels was associated to the increase of
petroleum concentration in all mangrove species,
suggesting that the plants underwent stress due to the
treatment. Excessive hydrocarbon compound taken up by
the canopy probably induced the formation of oxidative
reactions that were toxic and harmful to the cell, which
inhibited growth of the canopy as well as the roots. Many
evidences have been presented that hydrocarbon
compounds in plants can induce ROS and will rapidly
damage cells as well as biomolecules in plant bodies such
as proteins, lipids and nucleic acids (Acworth and Bailey
1995). Odjegba and Badejo (2013) also reported the
increase of MDA levels in Rhizophora mangle in response
to petroleum treatment with the concentration of 1%, 3%
and 5% compared to control. The increase of ROS in plants
is a general symptom of the plant’s response to many
environmental stresses such as drought, salinity,
temperature, as well as hydrocarbon and heavy metal
contaminants (Apel and Hirt 2004; Savicka and Skute
2010; Hamim et al. 2017a,b). In general, there was an
increase in MDA level of the root for all species, but
Rhizophora sp. had the lowest MDA contents compared to
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Avicennia sp. and Bruguiera sp. (Figure 5) which indicated
that Rhizophora sp. was more tolerant than the other two
species to hydrocarbon contaminant.
The differences of TPH content in the media at the end
of the treatment indicated a different absorption ability and
degradation of hydrocarbon compounds facilitated by
mangrove plants as a function of phytoremediation. The
lower residual TPH content in the media of Rhizophora sp.
indicated that this species had ability to absorb and/or
accelerate the degradation of TPH content from the media
more than other species (Figure 1). This result is in
accordance with Titiresmi and Handayani (2012), who
found that the decrease of TPH content of the media
occurred after 6 weeks of petroleum treatment in Rhizophora
mucronata. Moreira et al. (2011) also suggested that
Rhizophora mangle was more efficient in degrading
different fractions of petroleum hydrocarbons and reducing
the TPH content of the media compared to other plants.
The presence of petroleum hydrocarbon compounds
also caused a decrease of pH in the media (Table 2). The
decrease of pH in the media might be caused by two
factors: the secretion of organic acids by plants and the
presence of compounds resulted from petroleum
hydrocarbon degradation. A drastic pH decrease observed
in the media of Rhizophora sp. due to the treatments might
be associated with the secretion of acidic compounds or
hydrocarbon degradation facilitated by this species. Pertiwi
et al. (2013) noted that the degradation of hydrocarbon
compounds produced several acidic compounds such as
organic acids, methane, H2O, and CO2.
The presence of hydrocarbon compounds in the leaf
tissue was clearly observed in the abaxial and adaxial of
epidermal leaves, characterized by the appearance of a
yellowish-orange to red color (Figures 6 and 7), suggesting
that the hydrocarbon was translocated and accumulated
into the leaves. For more specific, the accumulation of
petroleum hydrocarbon compounds was clearly observed in
guard cells of the stomata (Figure 6). This supports the
assumption that petroleum hydrocarbon compounds were
absorbed into the plant body and transferred to the leaf
tissues and stomata in line with transpiration process.
Farias et al. (2008) also found that the toxic component of
the major crude oil entered the plant body through roots,
followed by the stems and was accumulated in the leaf of
Avicennia marina. Lotfinasabasl et al. (2013) also stated
that high TPH concentration of the leaves indicating high
petroleum hydrocarbon uptake capability by leaves of the
Avicennia marina. Furthermore, the experiment also found
that in abaxial leaf of Avicennia sp., the trichome color
became darker after treated with petroleum, which
indicated that TPH was probably deposited in this organ
(Figure 6). The color changes in trichome of Avicennia sp.
and stomatal guard cells of Rhizophora sp. and Bruguiera
sp. indicated that the petroleum hydrocarbon compound
was absorbed by the roots and translocated or transported
to the air through stomata guard cells and excreted through
the trichome. In line with this, Diab and Bolus (2012) also
found that petroleum treatment in Avicennia marina caused
a dark color of the leaf trichome, which was assumed due
to the deposition of certain foreign material into the plants.
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The same symptom was also found in Salvinia molesta,
which also showed the dark-colored of leaf trachoma,
possibly due to the accumulation of petroleum in the
trichome (Pertiwi et al. 2013). Based on the parameters of
leaf and root growth, plant viability, and MDA content, as
well as visual symptoms, we concluded that Rhizophora sp.
is more tolerant and adaptable to petroleum hydrocarbon
contamination than Bruguiera sp. and Avicennia sp. and be
able to be used for phytoremediation of petroleum
hydrocarbon.
In conclusion, the treatment of petroleum hydrocarbons
applied to mangrove plants in the tidal bioreactor system
for 30 days led to a decrease in the growth of shoots and
roots, and the pH of the media while it caused an increase
of malondialdehyde (MDA) of mangrove roots.
Rhizophora sp. had higher viability and was able to reduce
TPH content of the media more than Avicennia sp. and
Bruguiera sp. Anatomical data indicated that petroleum
hydrocarbons were absorbed and translocated to the leaves
and observed in guard cells of the stomata. Rhizophora sp.
is the most tolerant species compared to Avicennia sp. and
Bruguiera sp. characterized by their level of resistance to
petroleum treatment, the lower MDA content of the root
and its higher ability to reduce petroleum hydrocarbons in
the sediment.
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Abstract. Sari QW, Siswanto E, Setiabudidaya D, Yustian I, Iskandar I. 2018. Spatial and temporal variability of surface chlorophyll-a
in the Gulf of Tomini, Sulawesi, Indonesia. Biodiversitas 19: 793-801. The Gulf of Tomini (GoT) is mostly influenced by seasonal and
interannual events. So, the immensive aim of this study is to explore spatial and temporal variations of chlorophyll-a (chl-a) and
oceanographic parameters in the GoT under the influences of monsoonal winds, El Niño Southern Oscillation (ENSO), and Indian
Ocean Dipole (IOD). The data were collected from the satellite imaging of chl-a and sea and surface temperature (SST) as well as
surface wind from the reanalysis data for a period of January 2003 to December 2015. Monthly variations of the chl-a and SST in the
GoT reveal chl-a bloom in the center part to the mouth of the GoT during the southeast monsoon season (boreal summer). The chl-a
concentrations were relatively higher (>0.1 mg m-3) and distributed throughout most of the areas near the Maluku Sea. The SST in the
middle of the GoT was relatively lower than that near the Maluku Sea (the eastern part of the GoT). On the other hand, during the
northwest monsoon (boreal winter), the chl-a concentration decreased (<0.1 mg m-3). During this season, the SST was relatively higher
(28-29 °C) than that during the boreal summer (27-26 °C) and distributed uniformly. Meanwhile, on interannual timescale, the ENSO
and IOD play important role in regulating chl-a distribution in the GoT. High surface chl-a concentration was observed during El Niño
and/or positive IOD events. Enhanced surface chl-a concentration during El Niño and/or positive IOD events was associated with the
upward Ekman pumping induced by the southeasterly wind anomalies. The situation was reversed during the Niña and/or negative IOD events.
Keywords: Chlorophyll-a bloom, Ekman pumping, ENSO, Gulf of Tomini, IOD

INTRODUCTION
Dynamics of the Indonesian water mass are influenced
by various factors such as monsoonal wind system on the
seasonal timescale and the El Niño-Southern Oscillation
(ENSO) and Indian Ocean Dipole (IOD) event on the
interannual timescale (Qu et al. 2005; Susanto et al. 2006).
The seasonal climate is primarily shaped as a result of the
Asia-Australia (AA) monsoon system, namely southeast
monsoon (June-August) and northwest monsoon
(December-February) (Susanto et al. 2006). The ENSO is a
major mode of climate variability that takes place in the
tropical Pacific Ocean (Trenberth 1997). Meanwhile, the
IOD is a coupled ocean-atmosphere phenomenon in the
tropical Indian Ocean that has strong impact on the Indian
Ocean (Saji et al. 1999; Webster et al. 1999).
The Gulf of Tomini (GoT) is a semi-enclosed waters in
the northern Indonesian with unique topography that
marked by the geographic boundaries, the Maluku Sea in
eastern of the GoT and the coastal lines in the western,
northern, and southern (Widodo 2004; Setiawan and Habibi
2011), which is in close proximity to eastern pathway of
the Indonesian Throughflow (ITF) (Figure 1). The eastern
route of the ITF is through the Maluku Sea, which depends
on the Mindanao Current and the current reflection in the

southwestern boundary of the Pacific Ocean (Waworuntu
et al. 2000). The ITF water through the Maluku Sea is
generally carried out from the north of Pacific Ocean
(Sprintall et al. 2014a; Sprintall and Revelard 2014b).The
transport and circulation of the ITF show annual and
interannual variability associated with monsoonal winds
variation and ENSO event. It should be noted that the ITF
transport is higher during the southeast monsoon than
during the northeast monsoon (Ffield and Gordon 1996;
Sprintall and Revelard 2014b). ITF has an important role in
the health of marine ecosystem and it is a part of the global
thermohaline conveyor belt (Godfrey 1996; Lee et al. 2002;
Gordon 2005a).
The combination of the complex GoT topography, the
seasonal variation of the monsoonal winds, the interannual
forcing in the Pacific and Indian Ocean contribute to the
transformation of water mass mixing. The water mass
mixing has a positive impact on the quality of marine
ecosystems that was hypothesized to mediate phytoplankton biomass. The phytoplankton biomass is a key
indicator for upwelling regions associated with fishing
grounds and mostly distinguished by the chl-a concentration
in upwelling waters. In addition, upwelling could also
induce the nutrient source and the chl-a concentration lift
up to the surface waters. It should be noted that nutrient is
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Surface chlorophyll-a
Ocean color data were obtained from the Moderate
Resolution Imaging Spectroradiometer (MODIS) on board
of the Aqua. The data used in this study were the monthlyaveraged chl-a concentration at 9 km spatial resolution
from January 2003 to December 2015. The Unix-based
SeaWiFS Data Analysis System (SeaDAS) version 6.4 was
used to sub-sampling the ocean color data of the study
region. Due to clouds interference of the satellite-retrieved
chl-a datasets have pixels with no data. Therefore, we
reconstructed these data missing using empirical
orthogonal function-based data interpolation (DINEOF) to
produce cloud-free satellite chl-a datasets (Alvera-Azcárate
et al. 2007). Before applying the DINEOF, the time series
of chl-a data was reconstructed into a three-dimensional
matrix, in which the first two dimensions were spatial
dimensions (latitude and longitude), while the third
dimension was time (number of months). Then, the missing
values in each chl-a data were set to not-a-number (NaN).
Sea surface temperature
The sea surface temperature (SST) data were derived
from the Advanced Very High-Resolution Radiometer
(AVHRR) provided by the National Oceanographic and
Atmospheric Administration (NOAA). These monthly
Optimum Interpolations (OI) SST data have spatial
resolution of 0.25˚× 0.25˚. We utilized the OI-SST data for
a period from January 2003 to December 2015.
Surface winds
The wind data were obtained from the European Centre
for Medium-Range Weather Forecasts (ECMWF)
Operational Ocean Analysis/Reanalysis System (ORA S3).
The data are global data with a horizontal resolution of
2.5˚×2.5˚. Similarly, we used the data for a period
extending from January 2003 to December 2015.
Monthly climatology of the chl-a, SST, and surface
wind fields was calculated from the monthly time series
over the period of January 2003-December 2015. Then, the
anomaly fields for all variables were defined as deviations
from their monthly climatological fields.

RESULTS AND DISCUSSION
Seasonal variations
The monthly climatological field of surface chl-a in the
GoT are presented in Figure 2. The most obvious feature in
Figure 2 is that the inner part of the GoT is dominated by
low chl-a concentration throughout the year. Meanwhile,
the concentration of chl-a in the outer part revealed robust
seasonal variation. High chl-a concentrations (> 0.3 mgm3) were observed during boreal summer (July-September)
and were mostly concentrated to a narrow zone along the
coast near the eastern tip of the Central Sulawesi (Figure
2.G-I). The peak of chl-a bloom occurred in August
(Figure 2.H). Chl-a concentrations in the entire GoT were
lower (<0.1 mg m-3) during boreal winter (DecemberFebruary) than those during boreal summer (Figure 2.L-B).
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Figure 3 shows the monthly climatological fields of
SST and surface wind vectors in the GoT. During boreal
summer SST distribution in the GoT showed an east-west
SST gradient, with low (relatively high) SST covers the
eastern (western/central) part of the GoT (Figure 3.G-I).
We suggest that the low SST observed in the region is
associated with the southeasterly winds, which are
favorable for upwelling. Note that the SST in the center of
the GoT remained warm during boreal summer compared
to that along the coasts and in the eastern part of the GoT.
Seasonal vertical stratification analysis may be required to
explore the dynamics underlying the mechanism of those
two-contrasting spatial and temporal SST variations.
The monthly climatological field of surface winds
revealed a prominent seasonal reversal of the monsoon
wind (Figure 3). The southeasterly winds are observed
during boreal summer (Figure 3.F-J) and the northwesterly
winds appeared during boreal winter from December to
March (Figure 3.L-C). We note that April/May and
November are the transition seasons of monsoon as the
wind gradually turned their direction. Note that the surface
chl-a concentrations increased (decreased) during boreal
summer (winter) as the surface winds are favorable for
upwelling (downwelling).
Year-to-year variations
In this section, year-to-year variation of chl-a
distribution is evaluated in term of the distribution of chl-a
anomalies. Note that the anomalous chl-a concentration
was computed as the deviation from the monthly
climatological fields for the period of January 2003December 2015. We selected some years associated with
coupled ocean-atmosphere modes in the tropical IndoPacific region, namely the El Niño/La Niña and the
positive/negative Indian Ocean Dipole (IOD) events (Rao
and Yamagata 2004; Horii et al. 2008; McPhaden 2008;
Iskandar et al. 2013; 2014a; 2014b; 2017). The coupled
ocean-atmosphere modes occurred repeatedly during
January 2003-December 2015. Table 1 indicates the
occurrence of El Niño/La Niña and positive/negative IOD
events from 2003 to 2015 based on the Niño3.4 index and
Dipole Mode Index (DMI). Note that Niño3.4 index was
calculated as the averaged SST anomaly in the central
equatorial Pacific (5°S-5°N and 120°W-170°W)
(McPhaden 2008). Whereas, the DMI was calculated as the
SST gradient between the western tropical Indian Ocean
(10°S-10°N and 50°E-70°E) and the southeastern tropical
Indian Ocean (10°S-0°N and 90°E-110°E) (Saji et al.
1999). Based on Table 1, it is captured that the positive
IOD events respective with the El Niño events in
2006/2007 and 2015/2016 and positive IOD with La Niña
in 2007/2008, 2008/2009, and 2011/2012. Meanwhile, the
negative IOD co-occurred with the La Niña events in
2005/2006 and 2010/2011. From Table 1 noticed that the
phenomenon in 2009/2010 and 2003 is influenced by El
Niño and positive IOD, respectively. Based on the Niño3.4
index and DMI, we found 4 El Niño events, 5 La Niña
events, 7 positive IOD events, and 2 negative IOD events
as shown in Table 1.
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Table 1. Classification of the El Niño/La Niña and IOD years
from 2003-2015 based on the Niño3.4 index (McPhaden 2008)
and the Dipole Mode Index (Saji et al. 1999)
El Niño
2004/2005,
2006/2007,
2009/2010,
and
2015/2016*

La Niña

Positive IOD

Negative
IOD
2005 and
2010*

2005/2006,
2003, 2006*,
2007/2008*,
2007, 2008,
2011, 2012,
2008/2009,
2010/2011*,
and 2015*
and
2011/2012
Note: Event with an asterisk symbol was classified as a strong
event

Figure 4 shows the distribution of chl-a anomalies
during June-December from 2003 to 2015. Overall, the
significant positive anomalies of the surface chl-a first
appeared over the eastern GoT. It is shown that the chl-a
concentration in the eastern GoT region is higher during El
Niño events (positive anomaly of chl-c concentration) than
that during La Niña events (negative anomaly of chl-a
concentration). A remarkable feature was observed in 2015
when a strong El Niño event took place in the tropical
Pacific, an anomalous chl-a concentration was observed in
the entire GoT and its surrounding region (Figure 4.M1M7). Note that the peak of chl-a anomaly was observed at
the end of development phase of the 2015/2016 El Niño
event in September 2015 until the early peak phase of the
event in October-November 2015 (Iskandar et al. 2017).
The chl-a concentration was rapidly reduced in December
2105 before the termination of the 2015/2016 El Niño
event. The 2004/2005 El Niño event was also associated
with high chl-a concentration but it was only observed in
the eastern part of the GoT (Figure 4.B1-B6). Meanwhile,
high chl-a concentration only revealed during the peak
phase of the 2009/2010 El Niño event in NovemberDecember 2009 (Figure 4.G6-G7). High chl-a
concentration was also observed during positive IOD
events in 2003 and 2006. However, the chl-a concentration
was higher and distributed across the GoT during the pure
IOD event in 2003 (Rao and Yamagata 2004) than that
during the positive IOD event co-occurred with weak El
Niño event in 2006 (Horii et al. 2008). Interestingly, when
the positive IOD event co-occurred with the Niña event in
2007 and 2011 (Iskandar et al. 2014a), chl-a concentration
in the GoT also increased, in particular during July-August
2007 (Figure 4.F2-F3) and August-September 2011 (Figure
4.I3-I4). Opposite situation was observed during La Niña
and/or negative IOD events. Low chl-a concentration was
observed during strong La Niña and/or negative IOD
events in 2010/2011 (Figure 4.H1-H7). We found a very
low chl-a concentration near the mouth of the GoT during
July-September 2010 (Figures 4.H2-H4).
In order to evaluate the mechanism of chl-a variations
in the GoT, we explore the spatial and temporal variability
of SST and wind anomalies during June-December for each
year with particular emphasis on the occurrence of the El
Niño/La Niña and positive/negative IOD events (Figure 5).
This changing in the SST during the El-Niño and IOD
events are found to be associated with related changes in

the surface wind. The anomaly patterns show that high the
chl-a concentrations agree with lower the negative SST
anomaly (Figure 5). Meanwhile, the results also
consistently show that the low chl-a concentrations
coincide with the positive SST. The positive SST
anomalies generated by the northeasterly wind anomalies
have depressed the surface chl-a concentration in the GoT
and its vicinity. On the other hand, negative SST anomalies
induced by the southeasterly wind anomalies were
followed by the positive surface chl-a anomaly. It is clearly
shown that two opposite events, namely a strong La Niña
event in 2010/2011 and a strong El Niño event in
2015/2016 have caused two contrasting oceanic and
atmospheric conditions in the GoT (Figure 5.H and 5.M).
the contrast results in strong La Niña event in 2010/2011
(Figure 5.H1-H6), strong northeasterly wind anomalies
generated downward Ekman pumping leading to warm
SST anomaly. This downward Ekman pumping caused
downwelling that depressed surface chl-a concentration.
Meanwhile, strong southeasterly wind anomalies were
observed during strong El Niño event in 2015/2016 leading
to upward Ekman pumping (Figure 5.M1-M5). This
upward Ekman pumping was associated with upwelling
causing negative SST anomaly and enhancing surface chl-a
concentration. Similar mechanism was applied to other
years but with smaller intensity.
Discussion
The GoT is located in the tropics and received high
solar radiation that makes favorable conditions for
photosynthesis of phytoplankton. Moreover, the GoT is
semi-enclosed water and mesotrophic water type. All of
these factors affect the variability of chl-a concentration in
the GoT. We have also presented the seasonal and
interannual variation of the chl-a concentration in the GoT
by utilizing the remote sensing data.
In order to increase our understanding on cause of chl-a
distribution in the GoT, we used MODIS data to identify
the seasonal and year-to-year variations of surface chl-a.
The present study revealed a clear seasonality of the chl-a
distributions in the GoT associated with the seasonal
monsoonal winds. During the southeast monsoon (boreal
summer), the concentrations of chl-a is higher in the
eastern part of the GoT compared to the inner part. The
evolution was developed in June-September and decayed in
November. The parallel winds to the eastern coast of the
Sulawesi Island may cause water transported offshore. The
wind drift pushes the water offshore from the eastern side
to the center of the GoT, inducing water upward in the
coastal water of the Sulawesi leading to high surface chl-a
concentration. On the other hand, the northeast monsoon
shows reversal surface wind and SST anomalies leading to
decreasing surface chl-a concentration in the GoT and its
vicinity. Similar situation has been reported in the southern
Makassar Strait, which also experiences reversal of
monsoonal winds (Nababan et al. 2016). Note that high
chl-a concentration along the eastern Sulawesi coast might
be due to supply of nutrients from the river runoff that
discharge into the GoT (Subarsyah 2008; Habibi et al.
2010). This agrees with the previous study that shown
higher TSS (Total Suspended Solid) and turbidity were
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from the Pacific Ocean via the Maluku Sea to the Indian
Ocean. The wind in the center of the gulf may also enhance
the chl-a concentration. Nevertheless, the northeast
monsoon shows reversal temperature and chl-a and can
support the decreasing of chl-a concentration. High chl-a
along the southern coast of Sulawesi Island may also be
due to regional topography. It changed vector wind and
transform the upwelling region because Ekman transport
(Setiawan and Kawamura 2011).

Latitude

observed in the western part of the GoT than in the center
of the GoT during boreal summer (Setiawan and Habibi
2011). The southeast monsoon also exhibited the diverse
low temperature of water mass in the eastern of the gulf
toward the entire of the gulf. The high concentration of chla concentration matches concerning ITF path via Maluku
Sea and peaks in boreal summer (June-August). The
northeastern chl-a concentration may indicate waters mass
in the Maluku Sea increase cause the wind bring nutrient
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Figure 4 shows the year-to-year spatial anomaly
variations of the surface chl-a in the GoT during its
evolution. The year-to-year anomaly variation of the
surface chl-a concentration in the GoT was strongly linked
to the coupled ocean-atmosphere mode in the tropical IndoPacific region, namely the El Niño/La Niña and
positive/negative IOD events. This study revealed that high
surface chl-a concentration was observed during El Niño
and/or positive IOD events. The appearance of effect
phases of ENSO and IOD is obvious by evaluating the
spatial patterns of chl-a and SST anomaly during the
ENSO/IOD events from climatology. During the El Niño
and positive IOD events in the 2006 and 2015, the eastern
GoT experienced the negative SST phase. The most
striking feature was observed during the early evolution
positive IOD phase of the positive IOD in June and
decayed in October. While the El Niño event, the chl-a
concentration in waters is relatively higher in eastern gulf
and uniform in the whole gulf. This condition was reverse
during La Niña because of weak winds and large sea
surface heating was well developed in this event. Enhanced
surface chl-a concentration during El Niño and/or positive
IOD events was associated with upward Ekman pumping
induced by the south-easterly wind anomalies. The
situation was reversed during the Niña and/or negative IOD
events in 2010. Meanwhile, the warmer SST anomalies
were observed in the eastern of the GoT in the La Niña
event started in June and terminated in December. Rarely
anomaly climate event occurred in 2007 because
consecutive with positive IOD and La Niña event (Behera
et al. 2008). Its event shows that evolution of chl-a
concentration anomaly follows the negative SST pattern. In
addition, Wirasatriya et al. (2017) find that the El Niño (La
Niña) event clearly changed the increasing of chl-a
concentration and SST cooling in the mouth of Tomini
Gulf and Bitung Peninsula (the Maluku Sea) and it does not
change the area of high concentration and SST cooling.
Analysis indicates that the interannual variability of the
total chl-a is particularly influenced by the ENSO instead
of the Indian Ocean Dipole. The finding also shows that the
ENSO/IOD event also changed the period of increasing the
chl-a concentration. The surface wind-related the El Niño
cycle was found to carry out much higher the ITF transport
through the Indonesian Seas which was confirmed by
previous studies (Hu and Sprintall 2016). Meanwhile, it
was also influenced by seasonal and interannual spatial
variation of chl-a in the GoT.
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Abstract. Amir A, Darwin E, Juniarto AZ. 2018. Effects of mobile phone exposure to SRY gene in Rattus norvegicus. Biodiversitas 19:
802-808. Mobile phones are low power radio devices, which transmit and receive radio frequency radiation in the microwave spectrum
ranging from 900-1,800 MHz through an antenna used closely to the user’s head. Radiation destructs living tissue by altering structure
of cell and damaging the DNA, damaging of genetic material in reproductive cells causes mutations and affecting to the next generation.
The genetic database of mutation in human SRY gene has been collected and had the correlation between mutation and the occurrence
of sex development disorder (translocation). However, the study focussing on SRY gene mutation to the exposure of mobile phone has
not been studied, yet. This study was aimed to investigate the effect of various time exposure of mobile phone toward the characteristic
of SRY gene fragments in Rattus norvegicus. Experimental research with randomized post test only control design was conducted on 20
Wistar aged 2-3 months with 200-250 grams of weight. Samples were divided into four groups, with three treatment groups based on
radiation exposure time (30, 60, and 90 minutes), and one group as control group (without treatment) for 60 days. Following exposure,
DNA was isolated from blood of rat, and amplified with a pair of SRY primer set. Positive DNA of SRY gene was assessed by
sequencing the genes and determining the mutations. There were three single nucleotide polymorphism (SNP) of SRY gene in histidine
38 glutamine, (CAT> CAG), proline 76 threonine (CCT >ACT) and leucine 102 leucine (CTG >TTG). Long duration of radiation
exposure for 90 minutes increased the risk of SRY gene mutation.
Keywords: Mobile phone, SRY Gene, SNP, radiation exposure

INTRODUCTION
The use of mobile phone is estimated to reach five
billion users (ITU 2010). Most of mobile phone users do
not aware of the dangers of the electromagnetic radiation
from the device, which can affect the human health. This is
because the lack of information on how mobile phone has
an effect on human health (Uddin and Ferdous 2005).
Mobile phones are low power radio devices that
transmit and receive radio frequency radiation in the
microwave spectrum ranging from 900-1,800 MHz (Figure
1). These devices may be classified as analog of advanced
mobile phone system (AMPS). Various types of analog and
digital cellular phones are used across the globe. Analog
telephones transmit modulations of the amplitude or
frequency of electromagnetic waves, which are transmitted
continuously. On the other hand, the digital telephones
transmit data in series of pulses or fast bursts. The digital
systems allow simultaneous transmission of messages from
different users in the same frequency resulting in the
increased capacity of the transmission channels. Digital
systems have recently replaced analog (Talib et al. 2010).
The type of field exposure of radio frequency
electromagnetic radiation (RFEMR) is generally used in
communication via mobile phone. The exposure of
RFEMR has the a broad range of genotoxic effects i.e. the

occurrence of aneuploidy, sister chromatid exchange,
impaired intrachromosomal recombination, and the
increase of nuclei formation in mammalian cells (Sykes et
al. 2001; d’Ambrosio et al. 2002; Tice et al. 2002;
Mashevich et al. 2003). Radiation destructs living tissue by
altering the structure of cell and damaging DNA. The
damage of DNA depends on the type of radiation, energy
level and amount of absorbed radiation (Swamardika
2009). The damage of genetic material in reproductive cells
causes mutations, which can be passed through to the next
generation (Canadian Nuclear Safety Commission 2012).
The SRY/Sry gene is one of genes, which take responsible
to determine the chromosome Y-testis. This gene is the key
of sexual reproduction, which can be used as the engine for
genetic recombination and natural selection. SRY
determines the axis point of XY sex development in
mammalian embryos by stimulating the testes
differentiation rather than the ovaries from the genital
ridges of the embryonic anlagen of gonad (Koopman et al.
1991, The male sex differentiation of the embryo occurs
when testes have formed and it is promoted by hormones
produced by the Leydig cells. On the other hand, in
embryos where SRY is absent or non-functional, the
genital ridges will develop ovaries followed by female sex
differentiation (Hawkins et al. 1992; Kato et al. 2013).
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Figure 1. In the term of electromagnetic spectrum, cell phones fall between microwave ovens and TV transmitter. Such radiation,
through non-ionizing, can reduce biologically significant effect (Behari 2010)

In mammalian, SRY gene present on the Y
chromosome providing the expression of males. Mutations
in SRY have occured in approximately 15-20% of 46
sexual cases in which XY chromosomes have complete or
partial gonadal dysgenesis. The genetic database of
mutation in human SRY gene has been collected over past
25 years and it has been correlated with one of mutation
types such as the occurrence of sex development disorder
(translocation) (Knower et al. 2011). The impaired function
of SRY causes gonadal dysgenesis leading to the
development of a female somatic phenotype (Phillips et al.
2006). Study which concerns about SRY mutation because
of the exposure of mobile phone has been limited.
Therefore, this study investigated the effect of various time
exposure of mobile phone toward the characteristics of
SRY gene fragments in Rattus novergicus.
MATERIALS AND METHODS
Procedures
Animal handling and treatment
This study was conducted from June to September
2017, with Randomized Post Test Only Control design.
Experimental procedures were done at Animal House
Biomedical Laboratory, Faculty of Medicine, Andalas
University. The house, monitor and treatment of animal
were in accordance with institutional animal ethics
requirements. Food and water were provided ad libitum.
Once acclimatized, groups of rats were randomly placed
into standard plastic mouse cages.

Samples consisted of 20 white rats Rattus novergicus,
male, age 2-3 months, and 200-250 g of body weight.
Samples divided into four groups, one control group, and
three treatment groups. In treatment groups, rats were
exposed to radiation for 30, 60, and 90 minutes, and no
treatment applied in control group. After one cycle of
spermatogenesis occurred, testes and cauda epididymides
were dissected, and blood collection was done for
examination of SRY gene mutation.
Irradiation procedures
For each experiment, five rats were placed in a
container plastic box (55x40x30 cm) for 60 days (one cycle
of spermatogenesis). Irradiation was performed at 09.00
pm every day because rat is nocturnal. Each box was hung
up four cell phones; two in left especially for only
receiving calls, and two in right side especially for
outgoing call. Daily measurements included room
temperature and humidity readings. The rats were also
weighed and inspected for clinical signs of illness daily.
After the irradiation schedule based on one cycle of
spermatogenesis, rats were killed by CO2 asphyxiation, and
blood was collected.
Isolation of DNA
DNA was isolated using PureLink DNA isolation kit
Genomic DNA Mini kit (Invitrogen, USA). The isolation
procedure was carried out according to the manufacturer's
instructions. The result of genomic DNA isolation was
visualized by electrophoresis 1.5% agarose gel and DNA
concentration was calculated by Nano Drop (Thermo
Fisher, USA) , which was then stored at-20oC.
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SRY gene mutation
Positive DNA was amplified with a set of forward (5’TTTGGGAGCAGTGACAGTTG-3’) and reverse (5’GTGGACAGTAAGTAGGTTAGCTG-3) SRY primers. A
pair of primer set for detecting SRY gene mutation was
designed from SRY gene sequences in GenBank database
(NCBI Accession No.NC_024475.1) with Geneious
software v7.0 (Biomatters Ltd, Auckland, New Zealand).
Primers were synthesized by Integrated DNA Technologies
(IDT), Singapore (Figure 2). Composition of SRY PCR
reaction with total volume of 25 µl consisted of 12.5 µl
GoTaq Green Master Mix (Promega, USA), 2.5 µl DNA
genomic, 0.4 µM SRY-F primer and 0.4 µM SRY-R
primer. Amplification of SRY gene was performed
followed by: initial denaturation at 95oC for 5 min,
followed by 35 cycles comprised with denaturation at 95oC
for 30 seconds, annealing at 62oC for 30 seconds, and
elongation at 72oC for 50 seconds, and final elongation at
72oC for 5 minutes.
To ensure the specificity of PCR reactions, PCR
products were also visualized after electrophoreses through
a 1.5% agarose gel and stained with DNA GelRed.
PCR product of SRY gene was purified with Na-acetate
and cooling ethanol absolute. 20 l of pure SRY PCR
product was sent for sequencing analysis with Sanger
method in Macrogen, South Korea.
Data of sequencing was analyzed with Geneious
Software v7.0 (Biomatters Ltd, Auckland, New Zealand).
Multiple alignments were performed by comparing the
result of SRY gene sequences with SRY gene database
(NC_024475.1) for genotyping analysis.
Data analysis
The sequence of DNA was checked by online software
BioEdit v7.0.5 (Ibis Therapeutics, Carlsbad). The
genotyping of allele was identified by sequence alignments
analysis with Geneious Software v7.0 (Biomatters Ltd,
Auckland, New Zealand). Percentage of each genotype was
determined by the frequency of allele mutation in each
locus.
RESULTS AND DISCUSSION
Isolation of genomic DNA
A total of 20 sample of blood rat was isolated after
irradiation performences. The result of DNA isolation
visualized in electrophoresis showed that DNA had a good
quality (Figure 3). The size of SRY gene after
electrophoresis was estimated around 500bp (Figure 4).
However, after the sequencing process, the size of SRY
gene was longer (595bp). SRY gene has a pseudogene
which may be amplified with SRY primer, caused the
increased size of gene.
The result of sequencing showed three Single
Nucleotide Polymorphism (SNP), detected in position
Histidine38Glutamine (CAT > CAG), Proline76Threonine
(CCT > ACT), and Leucine 102 Leucine (CTG > TTG)
(Table 1). There were four novel genotypes found in SRY
gene; TG and GG in histidine38glutamine, CA in

proline76threonine, and CT in leucine102leucine. Most of
genotype was heterozygote mutant, and one genotype was
homozygote mutant. Point mutation in three genotypes of
SRY gene (TG, GG, and CA) caused the alteration of
amino acid; TG, GG altered histidine to glutamine, and CA
altered proline to threonine.
SRY mutation in His38Gln location
The mutation of three genotypes were identified in
His38Gln location i.e TT, TG, and GG mutation. 15 out of
20 samples also showed point mutation at TG allele
position and five samples in GG allele position (Table 1).
The TG allele was found both in control group and in
treated groups (30 and 60 minutes radiation exposure), and
GG allele was found in treated group with 90 minutes of
radiation exposure. TT is the wild-type allele, while TG is a
heterozygote mutant, and AA is a homozygote mutant. TG
was predominantly found in His38Gln location (f= 15,
75%, n= 5, 0 min; n= 5, 30 min; n= 5, 60 min), the second
one was GG (f=5, 25%, n= 5, 90 min), while TT did not
find in His38Gln location (f=0, 0%). The mutation in
His38Gln location (CAT > CAG) altered the amino acid of
histidine to glutamine.
SRY mutation in Pro76Thr location
Point mutation also occurred in Pro76Thr, but only one
allele was detected. There are three alleles in Pro76Thr; CC
was a wild-type allele, CA was a heterozygote mutant, and
AA was a homozygote mutant. CA was found in all
samples (f=20, 100%, n= 5, 0 min; n= 5, 30 min; n= 5, 60
min; n= 5, 90 min), but CC and AA allele were not found
in this location (Table 2). The mutation in Pro76Thr
location (CCT > ACT), altered the amino acid of proline to
threonine.
Table 1. Genotype alleles of His38Gln in SRY gene
Genotypes
TT
TG
GG
His38Gln
K1-5
0
5
0
(CAT > P1.1-5
0
5
0
CAG)
P2.1-5
0
5
0
P3.1-5
0
0
5
Total
0
15
5
0%
75%
25%
Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.15, 90 min radiation exposure.
Sample

No. of
sample
5
5
5
5
20

Table 2. Genotype alleles of Pro76Thr in SRY gene
Genotypes
CC
CA
AA
Pro76Thr
K1-5
0
5
0
(CCT >
P1.1-5
0
5
0
ACT)
P2.1-5
0
5
0
P3.1-5
0
5
0
Total
0
20
0
0%
100%
0%
Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.15, 90 min radiation exposure
Site

No. of
sample
5
5
5
5
20
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SRY mutation in Leu102Leu location
In Leu102Leu location, the point mutation was detected
in CT allele (f= 20, 100%, n= 5, 0 min; n= 5, 30 min; n= 5,
60 min; n= 5, 90 min). The mutation was not found in CC

Figure 2. Position of primer construction for detecting the SRY gene
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and TT allele (Table 3). CC was a wild-type allele, while
CT was a heterozygote mutant, and TT was a homozygote
mutant. The mutation in Leu102Leu location (CTG > TTG)
did not change the amino acid of leucine.
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Control

Treated

DNA isolation result

Figure 3. Electrophoresis result of genomic DNA on 1.5% agarose gel. Positive PCR product of DNA was amplified with SRY primer set
Control

Msm

Treated

500 bp

Figure 4. The electrophoresis result of PCR amplification with SRY primers. Each sample showed the good quality of DNA band.
Position of band was at 500bp. Representative gels of eight samples from control and treated groups are shown. Msm = molecular size
marker

Table 3. Genotype alleles of Leu102Leu in SRY gene
Genotypes
CC
CT
TT
Leu102Leu
K1-5
0
5
0
(CTG >
P1.1-5
0
5
0
TTG)
P2.1-5
0
5
0
P3.1-5
0
5
0
Total
0
20
0
0%
100%
0%
Note= K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.15, 90 min radiation exposure
Site

No. of
sample
9
8
9
10
20

Three nucleotide polymorphism found in this study was
detected in position Histidine38Glutamine (CAT > CAG),
Proline76Threonine (CCT > ACT), and Leusine102Leusine
(CTG > TTG) both in treated (30, 60, 90 min of radiation
exposure) and control group. Two of three mutations
showed that the point mutation in two areas of SRY gene
had altered the synthesis of amino acid (histidine >
glutamine and proline > threonine). These indicated that
the radiation exposure of mobile phone for 30, 60, and 90
min in 60 days (one cycle of spermatogenesis) were able to
induce the mutation.
The various alterations in human or animal tissue are
caused by the partial or comprehensive exposure of radio
frequency radiation to the body via mobile phone. (Behari
2010). The effect of radiation elevates the risk of cancer or

the occurrence of genetic mutations, and may be inherited
to the next generations; or the over exposure of radiation
causes severe damage of tissue, and the mortality occurs
within a few weeks of exposure (Goodman et al. 1999;
CTIA 2003). The silent mutations affect the expression of
gene and play a role in different levels with different
mechanisms (Sauna et al. 2011). The variation of DNA
sequence or nucleotide polymorphisms frequently ensues
within a population. Silent polymorphisms (the alteration
of nucleotide does not change the translation of amino acid
in the encoded protein) increase the attention of researchers
in the last decade (Chaney et al. 2015). This kind of polymorphism can produce different effects on gene expression
and lead to functional differences of diverse significance.
Several recent reviews summarize the effects of such
mutations, in particular in relation to human diseases,
personalized biomedicine and pharmacogenomics (Chamary
et al. 2006; Sauna et al. 2007a,b; Fahraeus et al. 2015).
In this study, the mutation was also found in control
group (Table 4). It may be due to the position of container
boxes of all group was placed in one room, and probably
the radiation of cell phone still affected rats in control
group. Sander et al. (1982) revealed that adverse
physiological or psychological effects were observed in
laboratory studies of people exposed to 50-Hz fields in the
range from 2-5 m. Using the phone in areas of good
reception also decreases exposure as it allows the phone to
transmit in the reduced power (WHO 2014).
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Table 4. Polymorphism in SRY gene after radiation exposure with cell phone
Histidine38Glutamine (His38Gln)
Proline76Threonine (Pro76Thr)
CAT > CAG
Phenotype
CCT > ACT
Phenotype
Sample
K1
TG
Heterozygote mutant
CA
Heterozygote mutant
K2
TG
Heterozygote mutant
CA
Heterozygote mutant
K3
TG
Heterozygote mutant
CA
Heterozygote mutant
K4
TG
Heterozygote mutant
CA
Heterozygote mutant
K5
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-1
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-2
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-3
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-4
TG
Heterozygote mutant
CA
Heterozygote mutant
P1-5
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-1
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-2
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-3
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-4
TG
Heterozygote mutant
CA
Heterozygote mutant
P2-5
TG
Heterozygote mutant
CA
Heterozygote mutant
P3-1
GG
Homozygote mutant
CA
Heterozygote mutant
P3-2
GG
Homozygote mutant
CA
Heterozygote mutant
P3-3
GG
Homozygote mutant
CA
Heterozygote mutant
P3-4
GG
Homozygote mutant
CA
Heterozygote mutant
P3-5
GG
Homozygote mutant
CA
Heterozygote mutant
Note: K1-5, control group; P1.1-5, 30 min; P2.1-5, 60 min; P3.1-5, 90 min radiation exposure

Radiation exposure of mobile phone for 90 minutes to
treatment groups, showed that it has impact on the DNA of
rat, homozygote mutant that detected in SRY sequence
indicated that radiation generated established-genotype in
SRY gene.
Mutations in SRY gene result in XY sex reversal and
pure gonadal dysgenesis. SRY expression initiates a
network of gene activity that transforms the
undifferentiated gonad, genital ridge into testis. Mutations
in the SRY gene have been considered to account for only
10-15% of 46, XY gonadal dysgenesis cases, whereas the
majority of the remaining cases may have mutation (s) in
the SRY regulatory elements or other genes involved in the
sex differentiation pathway (Shahid et al. 2005).
SRY, a seemingly simple, beyond SRY single-exon
gene discovered over a decade ago, given its pivotal role in
mammalian biology. SRY encodes an HMG domain
protein likely to act as a transcription factor, and in vitro
studies of normal and mutant SRY (as produced in some
human XY females) suggest that DNA binding, and the
accompanying bending of the target DNA molecule, are
important features of its function (Koopman 2001).
This study suggested that radiation exposure of cell
phone for 30, 60, and 90 min in 60 days in rat, caused the
mutation in SRY gene. Two of three mutations (His38Glu
and Pro76Thr) showed that the point mutation in SRY gene
altered the synthesis of amino acid (histidine > glutamine,
and proline > threonine), whereas one mutation has no
change the translation of amino acid; Leusine102Leusine
(CTG > TTG). Further study is needed to investigate the
effect of novel mutation in SRY gene to sex determination,
by separating the place of rat box container in different
room to prevent the intervention of radiation effect.

Leucine102Leucine (Leu102Leu)
CTG > TTG
Phenotype
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
CT
Heterozygote mutant
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Abstract. Setiawati T, Susilawati A, Mutaqin AZ, Nurzaman M, Annisa, Partasasmita R, Karyono. 2018. Morpho-anatomy and
physiology of red galangal (Alpinia purpurata) and white galangal (Alpinia galanga) under some salinity stress levels. Biodiversitas 19:
809-815. Soil salinity is one of the most urgent issues in agriculture as it can reduce plant growth and productivity. Efforts on
development of galangal plant on saline soils are still encountering some obstacles such as lack of information on the galangal types that
are tolerant to saline condition. The purpose of this study was to determine morpho-anatomical and physiological responses of red
galangal (Alpinia purpurata (Vieill.) K. Schum.) and white galangal (Alpinia galanga (L.) Willd.) to salinity stress treatments. This
research used a Randomized Block Design (RBD) assigned in a factorial treatment design of two factors, i.e., (i) species of galangal
consisting of two levels i.e., red galangal and white galangal, (ii) NaCl concentration consisting of five levels, i.e., 0‰, 3‰, 6‰, 9‰
and 12‰. Each treatment was three replicates. Observation was done on the growth parameters when the plants showed wilting
symptoms. The observed data were subjected to Analysis of Variance (ANOVA), followed by a post hoc Duncan Multiple Range Test
(DMRT) at α 5% when the treatment effect was significant. The results showed that salinity stress treatment significantly reduced the
plant height increase, leaf area, dry weight, stomata density, chlorophyll content and increased thickness of root epidermis, and proline
content in both species of galangal. Red galangal was more tolerant than white galangal.
Keywords: Galangal, morpho-anatomy, physiology, salinity stress

INTRODUCTION
Galangal is one of the herbal ingredients that have been
widely used by the community as traditional medicine. The
utilization of galangal as a herbal medicine material is
increasingly widespread along with the discovery of its
various biological activities such as immunomodulator
(Weidner et al. 2007), high blood pressure lowering
capacity, and fertility enhancer by increasing the number
and motility of sperm (Chudiwal et al. 2010). Active
substances of acetoxychavicol acetate (ACA) contained in
galangal can inhibit the development of HIV (Ying and
Baoan 2006), and can serve as antitumor, antioxidant and
antimicrobial (Vankar et al. 2006). There are two kinds of
galangal, i.e., the white tuber galangal called white
galangal (Alpinia galanga (L.) Willd) commonly used as
food seasonings and the red tuber galangal called red
galangal (Alpinia purpurata (Vieill.) K. Schum) used as
medicine (Lestari 2005).
The development of traditional medicine industry and
other industries using galangal as raw material causes
galangal demand tends to increase in the recent years,
which necessitates cultivation efforts that can ensure the
continuous availability of galangal. One of the attempts to
increase the galangal production is by expanding the
planting area. Land that has good prospects for agricultural
development is marginal land, but technological innovation
is required to improve the productivity of the marginal land

(Yuwono 2009), such as saline soil (Akbar 2010). Saline
soil is a soil containing high dissolved NaCl salt with a pH
of <8.5 and electrical conductivity of > 4 mmhos/cm so
that it can interfere the plant growth (Follet et al. 1981),
and consequently, it can decrease crop productivity.
Salinity affects many physiological and morphology
processes of a plant by affecting the osmotic potential of
soil solution and ion absorption and mineral accumulation
(Ramezani et al. 2011). Salinity induces a variety of
disorders at the cellular and whole plant levels. Salinity
stress is produced from a number of adverse processes
including the toxicity of Na + and Cl-ion, the impairment of
mineral nutrition, water status modification of plant tissue
and secondary stresses such as an oxidative stress
associated with the production of toxic reactive oxygen
intermediates (Bajji et al. 1998). As reported by Munns and
Tester (2008) that salt stress on plants leads to a reduction
in growth as a consequence of some physiological
responses, including alterations of ion balance, water
status, mineral nutrition, stomatal behavior, photosynthesis
efficiency, and allocation and utilization of carbon. Soil
salinity can affect plant growth both physically (osmotic
effects) and chemically (nutrients and/or toxicity effects).
Plants will be more difficult to absorb water as the soil
salinity content increases. Sensitive plants appeared
suffering from drought even though the salt content is quite
low. There is usually a progressive decrease in growth and
yield as salinity increases (Ogle and John 2010).
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In general, the response of plants to salinity can be seen
from the morphology, anatomy, and physiology
characteristics that are closely related to the production of
plants in water-shortage environments (Li et al. 2006). Salt
tolerant plants are able to minimize adverse effects by
producing a series of anatomical, morphological and
physiological adaptations (Hameed and Ashraf 2008).
Under high salt content, especially chloride and sodium,
plants modify their anatomical properties. This is caused by
osmotic effects and ionic imbalances that affect plants
metabolism. Anatomically, it affects cell division and
expansion process and reduces the size of meristem, cortex
and vascular cylinder (Singh and Chaturvedi 2014) to
minimize the detrimental effects of salt stress (Younis et al.
2014).
One of the efforts in the management of saline land is
by using plant species that have good adaptation and
tolerance to high salt content. Research on salinity has been
widely carried out but information on the effect of salinity
on Zingiberaceae plant growth, especially galangal, has not
been reported. Therefore, it is necessary to study the effect
of salinity on the growth of red galangal plants (A.
purpurata) and white galangal (A. galanga) based on
morphological,
anatomical
and
physiological
characteristics as indicators for identification of saline
tolerant types of galangal.
MATERIALS AND METHODS
Materials
The seedlings of red galangal and white galangal were
obtained from Horticultural Seed Center, Department of
Food Crops and Horticulture, Hegarmanah Village,
Jatinangor Sub-district, West Java Province. Planting
medium used consisted of a mixture of sand and manure (2:
1). NaCl solution was used for salinity stress treatments.
Methods
This research used a Randomized Block Design (RBD)
and a factorial treatment design. The treatments design
included two factors: (i) species of galangal consisting of
two levels, i.e., red galangal and white galangal, (ii) NaCl
concentration consisting of five levels, i.e., 0‰, 3‰, 6‰,
9‰ and 12‰. Each treatment consisted of three replicates.
The research was carried out in the Laboratory of
Biosystem and Greenhouse, Department of Biology,
Padjadjaran University, Sumedang, Indonesia during
March-June 2017.
Procedures
Three months old and homogenous seedlings of red
galangal and white galangal were used in the study.
Seedlings were planted in mixtures of sand and manure (2:
1) media contained in plastic pots and acclimatized for two
weeks in a greenhouse before the salinity stress treatments
were applied (Syakir et al. 2008). The salinity treatment
was applied by watering the plants using NaCl solution
according to a predetermined concentration (0, 3, 6, 9 and
12‰) every two days with the volume of field capacity

(Ramezani et al. 2011). Field capacity (FC) was determined
based on a gravimetric method using the following
formula: FC = WW-DW)/DW x 100%, where WW = wet
weight and DW = dry weight of soil. Pots with dry soil
were weighed to obtain dry weight and were watered to a
saturated level, allowed to drain for 24 hours and weighed
again.
Parameter measurement
Observations were made on the plant growth
parameters when plants showed the symptom of wilting.
The parameters observed were morphological, anatomical
and physiological characteristics including plant height
increase, leaf area, plant dry weight, stomata density,
thickness of root epidermis, thickness of root cortex, root
trachea number, chlorophyll and proline contents. Plant
height increase is the difference between the plant height at
the start of the treatment applied and that at the end of
observation. The initial plant height was measured at the
time of drought stress treatment was applied while the final
plant height was measured when the plant showed wilting
symptoms (24 days after the treatment was applied). Leaf
area was measured using a leaf area meter CI-202 portable
laser. Dry weight was measured by drying the plant
materials in an oven at a temperature of 70C to obtain a
constant weight. Chlorophyll content was measured with
chlorophyll meter Opti-Science CCM-20. The stomata
density was observed using transparent nail polish applied
to the leaf surface. The nail polish was spread to a small
portion of the lower surface of the leaf and then peeled
away slowly. Replica of stomata was examined under a
light microscope with a magnification of 400 x (Shrestha
and Kang 2016). Root anatomical observations included
the thickness of epidermis and the thickness of cortex that
were performed by making fresh preparations of the
transverse incision of the roots and observed under a light
microscope. Proline content was measured following the
method by Bates et al. (1973). Leaf samples of 0.5 g were
extracted with a 3% sulfo-salicylate solution. The filtrate
was reacted with ninhydrin reagent, and then extracted with
toluene. The red toluene containing proline was separated
and the proline content was measured by using a
spectrophotometer, absorbance was read at 520 nm
wavelength. Proline content was determined using
calibration curve and expressed as mg g-1 fresh weight.
Data analysis
Data analysis was done statistically using Analysis of
Variance (ANOVA) and Duncan Multiple Range Test at
significance level 95%. The relative stress tolerance was
determined based on the salt stress sensitivity index (SI)
calculated following the Fischer and Maurer (1978)
equation, i.e., SI = (1-Yp/Y)/ (1-Xp/X), where: SI = index
of salt stress sensitivity, Yp = the mean of a genotype in
stress environment, Y = the mean of a genotype in non
stress environment, Xp = the mean of all genotypes in
stress environment, X = the mean of all genotypes in non
stress environment. The genotype is categorized tolerant to
stress if it has a value of SI <0.5, moderately tolerant if 0.5
≤ SI ≤ 1, and susceptible if SI> 1.
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RESULTS AND DISCUSSION
Plant height increase
The increase in plant height was measured by
calculating the difference between the plant heights at the
beginning of the treatment was applied and that at the end
of the observation, i.e., when the plants showed wilting
symptoms. In this study, plants exhibited the signs of
wilting at 24 days after treatment was applied. Results
showed that concentration of NaCl significantly affected
the average of plant height increase (P<0.05) but the
difference of galangal species and interaction of both
factors have no significant effect (P>0.05) on the observed
parameter. The mean plant height increase under various
treatments of NaCl concentration can be seen in Table 1.
Table 1 shows that the average plant height decreased
significantly with the increase of NaCl concentration of up
to 12‰. At a NaCl concentration of 3‰, the average plant
height was 1.17 cm, which did not differ significantly from
that of the control treatment (0‰ NaCl) but differed
significantly from other NaCl treatments. These results
indicated that the galangal plant is able to adapt to NaCl
concentration of 3‰. Yadav et al. (2001) stated that plant
growth including the plant height increase would be
inversely proportional to salinity levels. The present study
result was in line with the study results of Kamrani et al.
(2013) in Brassica napus L. showing that growth of plant
height decreased as the salinity concentration increased to
350 mM. Increasing the salinity concentration caused a
significant decrease in the height increase of galangal
(Table 1). This condition was probably caused by the
reduction in turgor pressure within the cells that restricted
cell expansion (Jampeetong and Brix 2009); consequently,
the increase of height was declined. Munns (1993) also
reported that under salt stress, accumulation of salt did
occur in older leaves that expedite their death. As a
consequence of these leave loss, the supply of carbohydrate
and growth hormone to the meristematic areas will
decrease. This can lead to constrain the plant height growth
that occurs in the stems apical meristem.
Leaf area
Research results revealed that NaCl concentration
significantly affected leaf area (P<0.05) but the interaction
of the two factors had no significant effect (P>0.05) on the
trait. Average leaf area of the two galangal species under
various levels of NaCl concentration is presented in Table 2.
The average leaf area was significantly different among
the two galangal species and also the NaCl concentration
treatments (Table 2). The average leaf area of white
galangal was higher than red galangal. This result showed
that different species of galangal plants had different
phenotypes (leaf areas), presumably due to differences in
the genetic background of the two galangal species.
Table 2 also shows that the increase of NaCl
concentration caused a significant decrease in the average
leaf area of galangal. The average leaf area at the
concentration of 6‰ NaCl (51.62 cm2) was not
significantly different from that of the control treatment
(NaCl 0‰). This result indicated that for the leaf area
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variable, the galangal species were tolerant to NaCl
concentrations of up to 6‰. Each plant has the ability to
adapt and tolerate stress to a certain concentration. Leaf
growth restriction under salinity stress is mainly due to the
osmotic effects of salt around the roots, leading to decrease
water supply to leaf cells (Cassaniti et al. 2012). Younis et
al. (2014) reported that under high saline stress there was a
reduction of water uptake by plants which created osmotic
conditions and ionic toxicity resulting in smaller cell size
and cell injury. This may cause a decrease in leaf area.
Curtis and Lauchi (1987) found that the decrease in leaf
area was caused by the decrease in cell size rather than the
cell number. The decrease in cell size could be due to the
decrease in osmotic potential of leaf cells. Similar to our
results, Brugnoli and Lauteri (1991) also recorded that leaf
area development was strongly reduced by salinity in
cotton and bean.
Dry weight
The present study showed that galangal species by
NaCl concentration interaction effect was significant
(P<0.05) on the plant’s dry weight. The average dry weight
due to interaction effects of both factors is shown in Table 3.
NaCl treatment caused a decrease in average dry weight
of the galangal plant (Table 3). The highest average dry
weight of the galangal plant (6.22 g) was observed in the
white galangal treated with 6‰ NaCl, which was not
significantly different from that of the same galangal
species without NaCl (0‰ NaCl). The lowest average dry
weight was found in red galangal at 12‰ NaCl (4.57 g).
Similar to our result, Turan et al. (2009) also reported that
the effect of salinity on corn growth showed a negative
correlation. The 100 mM NaCl concentration significantly
decreased the dry weight of the plant up to 45.46% as
compared to the control (0 mM). Ceccoli et al. (2011) also
reported similar results in Chloris gayana plants, where
there was a decrease in total dry weight at high NaCl
concentration (250 mM).
Dry weight is often measured to indicate the growth of
plants and cells in response to saline environment (Bekheet
2015). The decrease of dry weight on salt-exposed plants
was due to the destruction of salt-induced photosynthetic
tissue, the reduction of water potential and high
accumulation of Na + and Cl-(Ashraf et al. 2008). Also,
according to Curtis and Lauchli (1986) increased salinity
has an inverse relationship with stomatal conductance and
net photosynthetic rate. This condition will cause reduction
of the plant dry weight. According to Lopez et al. (2009),
salinity stress will alter the metabolism to overcome the
stress that causes growth to decrease. Also, this decrease is
the effect of plant defense mechanisms to reduce greater
salinity exposure.
Stomatal density
The results of ANOVA showed that difference of
galangal species, NaCl concentration, and its interaction
did not significantly affect the stomatal density (P>0.05).
Stomatal density in both species of galangal at different
concentrations of NaCl is shown in Figure 1. Figure 1
shows that stomatal density did decrease along with the
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increase of salinity in both species of galangal. The white
galangal (A. galanga) had a higher average stomatal
density than the red galangal at all NaCl concentrations.
These results indicated that the white galangal plant was
more tolerant to salinity than the red galangal. In the NaCl
treatments, the lowest average stomatal density was found
in 12‰ NaCl, i.e., 77.45 cells/wide field of view and 75.31
cells/wide field of view in red galangal and white galangal,
respectively. Similar results were found on stomatal density
in leaves of Kandelia candel (Qiu et al. 2007), Simmondsia
chinensis (Ali et al. 2013), where the stomatal density did
decline with the increase of salinity. Reginato et al. (2013)
reported that NaCl treated P. strombulifera plants showed a
significant decrease of 40% in stomatal density at high
salinity (Ψo = −2.6 MPa). Barbieri et al. (2012), in a study
employing two basil (Ocimum basilicum L.) cultivars
(Napoletano and Genovese) with different ability to
respond to salt stress showed that reduced stomatal density,
high ascorbate level and polyphenol oxidase activity
coordinately contributed to improve adaptation of basil and
Water Use Efficiency (WUE) in saline environment. The
constitutively reduced stomatal density was associated with
a “delayed” accumulation of stress molecules (and growth
inhibiting signals) such as ABA and proline, in the more
tolerant basil cultivar (Genovese).
The thickness of epidermis and cortex
Anova results showed that concentration of NaCl
significantly affected the average thicknesses of root
epidermis and cortex (P< 0.05), but galangal species and
the interaction of galangal species by NaCl concentration
caused no significant effect (P >0.05) on the observed
variables. Mean epidermis and cortex thicknesses of
galangal root at different NaCl concentration treatments are
presented in Table 4.
Table 4 shows that the average thickness of root
epidermis increased significantly with an increase in NaCl
concentration. The galangal plants treated with NaCl
concentration of 12‰ resulted in the highest average
epidermis thickness (19.67 μm). The average thickness of
the root epidermis at the NaCl concentrations of 3‰ and
6‰ did not differ significantly from the control treatment.
This indicated that the galangal plant was able to adapt well
to salinity stress conditions of up to 6‰ NaCl. The increase
in epidermal cells is an attempt to reduce the entry of
excess salt and protect the underlying tissue (Turan et al.
2009). The thickness of the root epidermis will increase in
species that are tolerant to high salinity condition because
the thickness of the epidermis is a special character
exhibited by tolerant species (Awasthi and Pathak 1999).
In contrast to root epidermis, the average thickness of
root cortex decreased significantly along with the increase
of NaCl concentration. The highest decrease in thickness of
root cortex (17.83 μm) was observed at NaCl concentration
of 12‰ (Table 4). The decrease in cortex thickness is the
root response of plants against salinity stress. Salinity can
cause changes in the cell structure of plant roots such as
increasing the thickness of the epidermis as a way to reduce
the increased salt exposure and the decrease in cortex
thickness as the effect of the reduced food supply so that

the turgidity of cells in the cortex is decreased. Ceccoli et
al. (2011) also reported that the root diameter of the
Chloris gayana Kunth did decrease with increased salinity.
This indicates that the thickness of the root cortex also
decreases as salinity increases. Reduction of the cortex
thickness due to salt stress was also found in other plants
such as soybean (Dolatabadian et al. 2011) and Gazania
harlequin (Younis et al. 2014).
Chlorophyll content
Each of the single factors of galangal species and NaCl
concentration significantly affected chlorophyll content
(P<0.05), but the interaction of these two factors had no
significant effect (P >0.05) on the observed variable.
Chlorophyll content of galangal plant under different
galangal species and NaCl concentration are presented in
Table 2.
Table 2 shows that the chlorophyll content of red
galangal (20.40 CCI) was significantly higher than that of
white galangal (16.90 CCI). The difference in chlorophyll
content of the two galangal species might have been due to
variations in individual genes controlling the trait. Gardner
et al. (2003) stated that the growth and crop yield are
influenced by internal factors such as the genetic trait, i.e.,
an inherited specific element owned by the plant itself. The
average chlorophyll content was observed decrease with
the increase of NaCl concentration. The lowest average
chlorophyll content (8.93 CCI) was observed at the NaCl
concentration treatment of 12‰. The NaCl treatment of
6‰ produced an average chlorophyll content that was
similar to that of either control (0‰ NaCl) or 3‰ NaCl
treatment but was significantly different from that of 9‰
and 12‰ NaCl treatments. This showed that the galangal
plant was able to tolerate a salinity condition of up to 6‰
NaCl for chlorophyll content trait.
Table 2 indicates a decrease in chlorophyll content due
to NaCl treatment. This decrease of chlorophyll levels may
be due to increased degradation and synthesis inhibition of
chlorophyll pigment (Stepien and Klobus 2006). The
previous study by Zhao et al. (2007) revealed that the effect
of salinity on chlorophyll content could lead to inhibition
of chlorophyll synthesis and thus the chlorophyll content
will decrease. The chlorophyll biosynthesis barriers may be
due to the accumulation of the salts (Ali et al. 2004). Na
accumulation has an adverse effect on Mg and Ca contents
in leaves because Na will inhibit Mg and Ca absorptions.
The decrease of Ca content in leaf increases the
permeability of the membrane to salt, while Mg deficiency
will cause inhibition of chlorophyll biosynthesis (Delfine et
al. 1998), particularly in the pre-protochlorophyll stage in
the chlorophyll biosynthesis pathway (Chen et al. 1998).
Disturbance of chlorophyll formation also occurs in plants
that have decreased total nitrogen uptake as a critical
element in chlorophyll formation along with increased
salinity (Pessarakli 1994). Similar results were also
reported by Mahboobeh and Akbar (2013), where the total
chlorophyll content of Nicotiana plumbaginifolia leaves
decreased with the increase of NaCl concentration. The
decrease in chlorophyll content with increased soil salinity
was also reported by Jaleel et al. (2008).

Table 1. Average plant height increase of galangal at different
NaCl concentration at 24 days after treatment
NaCl concentration

Plant height increase (cm)

0‰
1.67 c
3‰
1.17 c
6‰
0.83 ab
9‰
0.50 ab
12‰
0.17 a
Note: Means followed by the same letter are not significantly
different at 5% DMRT

Stomatal density
(cells/wide field of view)
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84
82
80
78
76
74
72
70

813

0%o

3%o

6%o

9%o

A.purpurata

82,55

78,64

77,23

76,38

12%o
75,31

A.galanga

81,36

80,85

80,68

80,34

77,45

NaCl concentration

Treatments
Galangal species
A. purpurata (red galangal)
A. galanga (white galangal)

Average leaf
area (cm2)
40.60 a
56.90 b

Chlorophyll
content (CCI)
20.40 b
16.90 a

NaCl concentrations
0‰
54.23 b
24.15 c
3‰
52.98 b
22.55 c
6‰
51.62 b
21.05 c
9‰
44.32 a
16.57 b
12‰
40.58 a
8.93 a
Note: Means followed by the same letter in the same treatment
group are not significantly different at the 5% DMRT

Table 3. Average dry weight (g) of galangal under galangal
species by NaCl concentration interaction effect
NaCl concentration
0‰
3‰
6‰
9‰
12‰
Red galangal
4.83 bc 4.76 ab 4.65 a 5.76 d 4.57 a
White galangal
6.22 ef 5.91 de 6.22 ef 5.38 c 5.04 b
Note: Means followed by the same letter are not significantly
different at the 5% level by DMRT
Galangal species

Table 4. Average epidermis and cortex thicknesses of galangal
root at different NaCl concentration
NaCl
Average epidermis
Average cortex
concentration
thickness (µm)
thickness (µm)
0‰
17.17 a
29.50 d
3‰
17.33 a
22.83 c
6‰
17.83 a
20.67 bc
9‰
18.83 b
18.67 ab
12‰
19.67 b
17.83 a
Note: Means followed by the same letter are not significantly
different at the 5% level by DMRT

Figure 1. The average stomatal density of galangal at different
concentration of NaCl

3000
Proline content (mg/kg)

Table 2. Average leaf area and chlorophyll content of galangal
plants under single factor treatments; the galangal species and
levels of NaCl concentration
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Figure 2. Average proline content of galangal on the different
NaCl concentrations

Proline content
Proline content of leaves of red galangal and white
galangal at different concentrations of NaCl can be seen in
Figure 2. Figure 2 shows that the average proline content
did increase along with the increasing salinity level. The
highest proline content of red galangal and white galangal
were 1914.92 mg kg-1 and 2561.03 mg kg-1, respectively, or
increased by 143.61% and 264.93%, respectively. This
result was similar to that reported by Farhoudi et al. (2015)
that the treatment of NaCl watering with levels of 0.6, 4
and 8 dS m-1 in some rapeseed cultivars increased proline
content as NaCl levels increased.
Proline is the dominant organic molecule acting as an
osmotic mediator during saline conditions, a balancer of
cellular structures, energy reserves, and signal related to
plant stress (Benhassaini et al. 2012), osmoprotectants
under stress conditions, and serve to maintain membrane
structure and acting as free radical scavengers which
prevents lipid peroxidation and K+ channels regulator in
stomata (Parida and Das 2005). High proline content is
known to protect various enzyme systems against
dehydration process (Fagbola et al. 2001). Under saline
stress, the stress-resistant genotypes accumulated proline at
a higher level than the stress-sensitive one (Soheilikhah et
al. 2013).
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Table 5. The tolerance level of eight observation parameters based on sensitivity index (SI) salinity stress
Parameter
Plant height increase
Leaf area
Dry weight
Stomatal density
Epidermis thickness
Cortex thickness
Chlorophyll content
Proline content

A. pupurata (red galangal)
Sensitivity Index
Category
0.833
Moderately tolerant
0.711
Moderately tolerant
0.453
Tolerant
0.429
Tolerant
1.717
Sensitive
1.001
Sensitive
0.750
Moderately tolerant
0.947
Moderately tolerant

A. galanga (white galangal)
Sensitivity Index
Category
1.167
Sensitive
1.195
Sensitive
1.424
Sensitive
1.563
Sensitive
0.507
Moderately tolerant
0.999
Moderately tolerant
1.260
Sensitive
1.039
Sensitive

Table 6. Scores of sensitivity level of galangal plants to salinity stress based on sensitivity index (SI)
Species
Red galangal
White galangal

Tolerant
Parameter
Value
2
2
0
2

Score
4
0

Sensitivity level
Moderately tolerant
Parameter Value
Score
4
1
4
2
1
2

Salinity stress susceptibility level of galangal plants
Salinity stress susceptibility level of the tested galangal
species was determined by calculating sensitivity index
(SI) based on the eight observed parameters (Tables 5 and
6). Table 5 shows that the red galangal was tolerant to salt
stress on the parameters of dry weight and stomatal density
and was sensitive to the parameters of epidermis and cortex
thickness; meanwhile, the white galangal was sensitive to
six parameters of eight observed parameters except for the
epidermis and cortex thickness that showed a moderate
tolerant phenotype. The most tolerant galangal species was
determined by calculating the total score of each tolerance
level as follows: tolerant = 2, moderately tolerant = 1 and
sensitive = 0 (Syafi 2008) as presented in Table 6.
Based on the sensitivity level, the red galangal (A.
purpurata) showed a higher total score (8) than white
galangal (A. galanga) with the total score of 2 (Table 6).
This indicated that the red galangal (A. purpurata) was
more tolerant to NaCl salt stress than the white galangal (A.
galanga). Differences of plant species can result in
different adaptability and tolerance capabilities to
environmental stresses such as salinity. Aini et al. (2012)
suggested that plant responses to salinity stress differ in
species or genotype.
The observation result is expected to be used as a
reference for subsequent research that may be useful in
saline land management efforts for the development of
cultivation of the more salt stress tolerant red galangal as
compared to the white galangal.
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Parameter Value
2
0
6
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0
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Abstract. Mawardi M, Jaelani, Zainun Z, Mundayana Y, Chilora BS, Hardi EH. 2018. Identification and characterization of
Edwardsiella ictaluri from diseased Pangasius pangasius, cultured in Cirata Lake, Indonesia. Biodiversitas 19: 766-772. In January
2016, there were reported extensive mortalities of Pangasius pangasius cultured on cage, in Cirata Lake. Edwardsiella ictaluri is
primarily recognized as a disease-causing pathogen in catfish species, causing an economically important bacterial infection hence
affecting productivity of aquaculture enterprises in many regions across the E. ictaluri. The samples were 17 fishes collected from
organs containing spleen, kidney, and liver. The total samples were 51 organs of fishes. The high bacteria infection prevalence level was
found in kidney (29.41%). The gross pathological signs of sample of organs were abnormal sizes and abnormal color including white
nodules. Bacteria were identified by conventional biochemical test, polymerase chain reaction (PCR) analysis and nucleotide
sequencing. The results showed that P. pangasius cultured in cages in Cirata Lake is positively infected by E. ictaluri strain (accession
number KF9071291). Other infection cases by Aeromonas sp. and Plesiomonas shigelloides as co-infection bacteria in P. pangasius
were also found.
Keywords: Aquaculture, characterization, Edwardsiella ictaluri, identification, Pangasius pangasius

INTRODUCTION
Edwardsiella ictaluri is a gram-negative bacterium
which causes enteric septicemia in majority of catfish
species and Japanese eels (Anguilla japonica) in Japan and
Taiwan and infecting fish only (Hawke et al. 2014). In
1976 there were observed natural outbreaks of E. ictaluri in
Georgia, Alabama, USA, Japan, South Africa and also in
Asia. E. ictaluri is primarily recognized as a disease of
catfish species and is known to cause an economically
important bacterial disease of farmed catfish in some
countries (Hawke and Khoo 2004; Suanyuk et al. 2014).
Species E. ictaluri is the most widespread family member
of the genus Edwardsiella, which had been detected in over
20 species of freshwater and marine fish from 25 countries
in the America, Europe, Asia, Australia, Africa and the
Middle East (Hawke and Khoo 2004). E. ictaluri can
survive in both freshwater and marine ecosystems and its
hosts can range from fingerling to table sized fish
(Ainsworth et al. 1986). The optimum temperature for
growth of E. ictaluri is around 35°C, but can also thrive
within the temperature range of 10°C to 45°C. During cold
seasons, edwardsiellosis can thrive at temperature range of
10°C and 18°C (Lui and Tsai 1980; Castro et al. 2006). E.
ictaluri is known to be causative agents of edwardsiellosis
disease and it can also cause infection in yellow catfish,

white catfish, blue catfish and walking catfish (Neema et
al. 2011; Matt et al. 2014).
The pathogenic effects of E. ictaluri can cause
mortalities of up to 50% as it has been recorded (Williams
et al. 2008). In one comparative study, an injection of 1.5 x
103 cells of the pathogen was sufficient to cause 100%
mortality among a group of channel catfish (Plumb and
Sanchez 1983 in Austin and Austin. 2007). Little is known
about the pathogenicity mechanisms of E. ictaluri, however
extracellular products have been associated with its
virulence (Williams et al. 2008). Survival of natural
outbreaks has led to high humoral antibody levels and
protection from fresh onslaught with E. ictaluri (Plumb
1993). Certainly, it has been firmly established that channel
catfish are highly susceptible to the organism, with an
injected dose of 1.5 x 103 cells capable of killing the host
within 10 days at a water temperature of 26°C (Plumb and
Sanchez 1983 in Austin and Austin. 2007). E. ictaluri
infects fish by several routes and one of which is the waterborne bacteria which can invade the olfactory organ via the
nasal opening and migrate into the olfactory nerve, then
into the brain meninges and finally to the skull and skin
(Miyazaki and Plumb 1985; Shotts et al. 1986; Morrison
and Plumb 1994). It enters through the blood and intestinal
wall and is engulfed by bacteriophages, resulting in
septicemia (Shotts et al. 1986; Newton et al. 1989).
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In February 2002 high mortalities of cultured Pangasius
hypophthalmus associated with E. ictaluri was reported for
the first time in freshwater ponds in central Sumatra,
Indonesia. It is reported in this case that mortality of
Pangasius hypophthalmus fish is 50-100% in 2 to 3 weeks
(Yuasa et al. 2003). The aim of this research was to
characterized and identified E. ictaluri isolated from
Pangasius pangasius with natural infection reared in cage
in Cirata Lake, West Java, Indonesia.

MATERIALS AND METHODS
Location
Cirata Lake, West Java, Indonesia is located on 223 m
dpl, at 107014’15”-107022’03”S and 06041’30”06048’07”E. The main fish species cultured in the lake
includes common carp species, Oreochromis niloticus, and
catfish. The fish breeding method in Cirata Lake is floating
net cages (KJA) for the fish growth phase. The breeding
systems used by the breeders are different, such as
monoculture or polyculture. The main function of Cirata
Lake is a hydroelectric dam which is the biggest in
Southeast Asia.
Procedures
Animals
Fish which used in this study was P. pangasius, with
sizes ranging from 200 to 250 grams (N=17) cultured in
cages from a farm, in Cirata Lake. The fishes were not
physically examined for external lesions before necropsy
and collection of tissue samples (spleen, kidney, and liver)
and observation of the internal organ of fish like organ
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color and size. Sampling is taken when death fish case
found. Fish sampling is taken in critical situation
(moribound) and in healthy situation shown by normal
swimming. Fishes were taken to Main Center for
Freshwater Aquaculture Fisheries Laboratory, Sukabumi,
West Java, Indonesia with closed transportation system,
using plastic which has filled with gas.
Medium for culturing bacteria and biochemical
characterization
Conventional microbiology analysis was used for
laboratory examination of the fish samples and comprised
the following equipment and chemicals; Trypticase Soy
Agar (TSA) Himedia, Brain Heart Infusion Agar (BHIA)
Oxoid, E. ictaluri Medium (EIM), the gram’s stain kit
(Merck), immersion oil (Merck), SIM (Merck), OF
(Merck), TSIA (Oxoid), Tryptone Soy Broth (TSB)
Himedia, Oxidase test (Merck), catalase H2O2 3%, Kovac
reagent (Merck), malonate (Merck), L-arabinose
(Applichem), D-mannitol (Applichem), sucrose (Merck),
trehalose (Applichem) and API 20E (Biomerieux) kit. Each
medium was prepared according to protocol described by
manufacturer.
Bacteria isolation from fish specimens
Fish specimens were swabbed with cotton wool dabbed
in 70% ethanol to prevented the internal (visceral) organs
from external contamination. The visibly infected fish was
dissected, and all the necropsied visceral organs (kidney,
spleen, and liver) were removed. A part of each organ was
preserved without squashing them in 70% ethanol for
microbiology analysis and preserved by squashing them in
70% ethanol then stored at 4°C for PCR.

Figure 1. Location of this study in Cirata Lake ( ), West Java, Indonesia
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To isolated the bacteria, each organ was placed on
sterilized Petri-dishes, torn apart by a sterilized scalpel to
make a homogeneous mixture, and the resulted suspensions
were streaked on to TSA and BHIA media, which
inoculated under aseptic condition. Each plate was
appropriately labeled, and the samples were incubated in an
incubator at 28 for 24-48 hours under aerobic conditions
to allow growth of colonies. Morphological characteristics
of each bacteria colony were scrutinized. A single colony
was isolated on to medium TSA and BHIA, and incubated
at 28°C for 24-48 hours under aerobic condition to allow
growth of colony to get pure culture of bacteria. The
colonies of bacteria were analyzed using the conventional
(Biochemical test), API kit 20E, PCR, and nucleotide
sequencing.

30 seconds, annealing at 60°C for 30 seconds, extension at
72°C for 2 minutes 30 cycles and elongation at 72°C for 7
minutes per cycle. The PCR was kept running for 2 hours.
Analysis was conducted using the PCR machine from
Applied Biosystems (AB).
The samples of 9 μL PCR product and 1 ul 5x loading
dye (Invitrogen) were mixed and were electrophoresed
(Owl) through a 1.5% (m/v) agarose (Vivantis) gel
containing ethidium bromide (Merck) (1 μg/mL) and
observed under ultraviolet light (AB). Observable band
sizes for E. ictaluri were 2000-bp and 450-bp for universal
primers. The PCR products were sent to a company
(Genetika Science) for nucleotide sequencing.

RESULTS AND DISCUSSION
Biochemical test
The isolated colonies of bacteria pass through some
biochemical tests such as gram staining test, oxidase,
mortality, oxidative-fermentative, indol, H2S, malonate, Larabinose, D-mannitol, sucrose and trehalose test. It is
weakly motile at 25-30°C. It is also lactose and indol
negative, catalase-positive, cytochrome oxidase-negative
and glucose fermentative and reduces nitrate to nitrite
(Plumb 1999).
Maintenance of bacteria
Each one of the isolate cultures was maintained at 4°C
in TSA or BHIA media for 15 days and later sub-cultured
at 15 days intervals. The result cultures were stored for 4
weeks in sterilized paraffin oil on the medium agar.
Preparation of the samples was carried out in 10 mL TSB
and incubated under a temperature of 28°C for 24 hours,
and then 3 mL 85% glycerin sterile, 1 mL aliquot of vortex
was added to 2 mL microtubes and keep at -80°C for a
period for one year.
Polymerase chain reaction (PCR)
PCR was carried out on DNA extracted from each of
the visceral organs and the pure culture of bacteria.
DNAzol kit (Invitrogen) was used to perform the extraction
of DNA following the recommended protocol. The speciesspecific primers of E. ictaluri IVS 5’-TTA AAG TCG
AGT TGG CTT AGG G-3’ and IRS 5’-TAC GCT TTC
CTC AGT GAG TGT C-3’ were employed for sequence
amplification (Williams and Lawrence 2010). The
sequence of universal primer pairs for bacteria was 16R-5’CGG TTA CCT TGT TAC GAC TT-3’ and 16F-5’-ACA
GTT TGA TCC TGG CTC AG-3’. The initial stage was to
conduct a PCR premix by hot star tag polymerase (Qiagen).
The composition of master mix for PCR was 25 μL
HotStarTaq master mix 2x; 5 μL of each primer (0,2 μM of
each primer) and 13 μL 2dH2O and 2 μL DNA sample (<1
μg/reaction) or added 15 μL 2dH2O for 1 colony of bacteria
E. ictaluri, and the final volume PCR was 50 μL. PCR
condition for both of primers pairs was pre-denaturation
step at 95°C for 5 minutes 1 cycle; denaturation at 95°C for

Results
Cirata Lake is multifunctional lake which one of it is as
a place for developing freshwater fisheries sector using
cages system. Generally, fish breeding system which is
applied to the fish growth phase, where fingerlings come
from different area in West Java. The fast-growing
breeding makes the quality water decreasing. This is
indicated by many Water Hyacinth found on the surface of
the water, causing narrower lake surface. Natural case like
up-welling always happens every year. Despite this
situation, fish breeding in Cirata Lake is still running.
In January 2016, 17 P. pangasius fish samples were
collected due to fish death report in cages at a farm in
Cirata. This is reported as the first case found in cages, so
complete information about this disease is needed. The
mortality recorded in this case is up to 95% acute, and
numerous fish died within 2 weeks. The sample fish
condition which was taken varies from the dying fish
(moribound) to healthy-look fish shown by swimming
activeness. Although deformities on body, fin, anus, and
mouth are not physically seen, the inside organ like kidney,
liver, and lymph have color and size changing as shown in
Figure 2.
A characteristic feature of an E. ictaluri colony is small
size about 1-2 mm, white in color and oval in shape. The
growth of colony cultured on media is slow and requires a
period of about 36-48 hours to form punctate colonies on
BHIA at 28-30°C. It exhibits poor growth if incubated at
37°C. TSA and BHIA media provide a conducive
environment for the growth of E. ictaluri, which is gram
negative, short, pleomorphic rod, and about 0.75 μm x1.52.5 μm. The colony of E. ictaluri on Edwardsiella Ictaluri
Medium (EIM) forms small, translucent and greenish
colonies. They display slow growth on EIM for a 36-48
hours period, at the temperature of 35°C. The colony has
smooth circular edges which are measuring about 2 mm
diameter, slightly convex, entire, non-pigmented colonies
develop (Hawke et al. 2014).
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Figure 2. The clinical appearance of organs, kidney (left), spleen and liver (right) of Pangasius pangasius observed in this study. The
kidney of fish abnormal size, with white nodules and colorless. The liver was yellow and less color, abnormal size with white nodule.
The spleen of fish was colorless, abnormal size with white nodules. Lymph, kidney, and liver are stiff when pushed. Bile's color is thick
green and stiff

A
Figure 3. Bacteria Edwardsiella ictaluri colonies isolated from
Pangasius pangasius on TSA medium after 48 hours incubation.
The bacteria collected from internal organs were streaked on TSA
medium and afterward incubated at 28°C for 48 hours. The
colonies of bacteria are good growth. The morphology of colonies
of bacteria dominant was smooth, white, uniform. The average
diameter of the colonies is 0.15 mm. That bacteria colony is more
dominantly grow compared to other bacteria colony. In addition
to that, other types of bacteria colony are also grown. Yellow
colony in bigger size and white colony in medium size. The next
identification process is by bacteria purification based on some
different morphologies of colony. It shows that there are other
bacteria types found in the fish samples.

The characterization of E. ictaluri was performed by
conventional biochemical testing. The results were shown
in Table 1. The results of biochemical analysis using API
20E kit were unacceptable. Other bacteria identification
result found on P. pangasius fish organ using API 20E kit
is good identification with percentage of 99.0% in genus
Aeromonas sp. and Excellent Identification with percentage
of 99.9% in Plesiomonas shigelloides. Aeromonas sp. and
Plesiomonas shigelloides colonies are not dominantly
grown on TSA medium, which could be assumed that this
kind of bacteria is a co-infection and are not the main cause
of P. pangasius mortality.
The primer of IVS-IRS was positive in 2000 bp for
Edwardsiella ictaluri and the primer of 16S for universal
bacteria positive in 450 bp (Figure 6). The result of
electrophoresis from PCR result, negative control (line 10)

B

Figure 4. That results of isolation bacteria (pure culture). (A) The
colonies of bacteria as pure culture on TSA medium plate and (B)
on TSA medium tube. They were incubated at 28°C for 48 hours.
The colonies were thin growing on TSA medium tube (B). The
bacteria colonies isolated from A and B have the same sizes and
morphologies, and are ready for further identification test.

and positive control for IVS-IRS primer pairs (line 11). The
positive result of E. ictaluri from kidney (line 1), spleen
(line 2) and liver (line 3) of P. pangasius. The positive
result of E. ictaluri from isolate 1 (line 4); isolate 2 (line 7)
and isolate 3 (line 9). The positive universal bacteria isolate
1 (line 5); isolate 2 (line 6); isolate 3 (line 8). The
electrophoresis was running on 1.5% agarose (Vivantis)
and M: marka of DNA ladder 100 bp plus (Vivantis). From
the PCR result can be seen that sample which is taken from
P. pangasius fish organ tissue can be detected positively
infected by E. ictaluri bacteria. It demonstrated that the E.
ictaluri infection level is high in the fish organ. The
sequence of 16S ribosomal RNA gene isolated from pure
culture bacteria is close to Sequence of E. ictaluri with
accession number ID: KF907129.1 and number of
identification match 1.
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The results of distribution E. ictaluri on the organs of
fish base on clinical sign on the organs and laboratory
analysis results. The prevalence distribution of bacteria on
kidney was the higher infection than spleen and liver of P.
pangasius (Table 2). Prevalence of E. ictaluri on the organs
was kidney 29.41%; spleen 25.49% and liver 13.73%,
respectively. It means that the kidney is more sensitive to
infection than another organ of P. pangasius.

Figure 5. Micrograph of Gram staining of Edwardsiella ictaluri
isolated from kidney of fish. The color of cell bacteria was red,
gram-negative, straight rod, the measure of cell bacteria about
1.84 μm (microscope Olympus BX53, 10 μm).

Table 1. Results of conventional biochemical test of Edwardsiella
ictaluri
Substrate

Result

Oxidase
Gram stain
Motility 37°C
O/F test
Indol
H2S
Malonate (utilization)
L-arabinose
D-mannitol
Sucrose
Trehalose

Negative
Negative, rod
Negative
F
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Table 2. Distribution of Edwardsiella ictaluri among the organs
of Pangasius pangasius
Result

Organ

Positive
13
15
7

Spleen
Kidney
Liver

M

1 2

Negative
4
2
10

3

Total
17
17
17

Discussion
However, because the standard bacterial detection
procedure prescribes the testing of multiple fish samples or
pieces (Thoesen 1994), the occasional isolation failure
among clinically infected fish is not problematic. The use
of EIM agar enhances E. ictaluri isolation when there is an
existence of multiple infections. Aeromonas hydrophila
was found to co-infect fish suffering from ESC (Hanson
and Grizzle 1985; Antonio and Hedrick 1994) and tends to
overgrow and mask E. ictaluri on a non-selective agar (Earlix
et al. 1996). Acute mortalities in Pangasius hypophthalmus
facilities are more likely to be associated with minimal or
un-compensated physiologic stress, and area frequently
manifested as an acute stress response, arising perturbations
from water quality conditions (Hawke 2015). Opportunistic
pathogens may have a negative impact on bacterial
infections such as Aeromonas sp., Pseudomonas sp. and
Plesiomonas sp. (Hawke 2015). Lusiastuti et al. (2012)
stated that there is a tendency of the emergence of cases of
superinfection A. hydrophila and E. ictaluri was found in
case of death of larval catfish on size ¾ to 2 inches in some
subdistricts in Subang, West Java, Indonesia that need to be
observed in anticipation of the spread and control in the
event of similar case. Outbreaks in several subdistricts in
Subang of acute mortality showed a symptom both external
and internal. Clinical symptoms such as corkscrew spiral
swimming and then die immediately. Some fish showed
enlarged abdominal, exopthalmus, and small foci
measuring 1-3 mm in the liver. These results indicate that
the fish can rid their self from E. ictaluri in blood circulation,
but super-infection with A. hydrophila aggravated latent
clinical symptoms of edwardsiellosis and obtained only A.
hydrophila that dominated almost all organs. Vaccination
using A. hydrophila vaccine can prevent super infection but
need more in-depth review of whether the vaccine could
provide cross-protection against the infection of edwardsiellosis.

4

M
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1500 bp

500 bp

500 bp

100 bp

100 bp
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Figure 6. Electrophoretogram of PCR products amplified with IVS-IRS primer pairs and 16-S primer pairs for the DNA templates from
pure culture bacteria Edwardsiella ictaluri and organs of Pangasius pangasius
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The morphology of E. ictaluri colonies found in this
study was smooth, white, uniform. The averaged diameter
of colonies is 0.15 mm on the TSA medium after incubated
at 28°C for 48 h. Crumlish et al. (2002) demonstrated that
the size of E. ictaluri colony on TSA medium which is
incubated at 28°C for 48 h is small from 0.03 to 0.14 mm.
The colony appeared to be off-white and translucent and
displaying an irregular surface and edge. E. ictaluri have an
analogous structure and adjoining regions in comparison
with other members of the family Enterobacteriaceae. In
this case, the size of the cells of E. ictaluri had an average
of 1.84 μm (Figure 5), straight rod, gram-negative. While
E. ictaluri morphology on Pangasius, while E. ictaluri
morphology on Pangasius hypophthalmus found in
Sumatra is gram-negative rod-shaped organisms of variable
size (1.2-15 μm) (Yuasa et al. 2003). But, this research
doesn't test the characterization using sequencing method.
Typically, E. ictaluri is described as a small straight
rod, which measures on average, 1 μm x 2-3 μm (Plumb
1993). However, the investigation conducted in Vietnam
isolates showed a much greater variation in length and
width, often with very large rods clearly visible. This
variation in size was constantly observed in all 12 isolates
that were recovered from clinically diseased Pangasius
hypophthalmus (Crumlish et al. 2002).
In this study, the sequencing result showed that the
isolated type of bacteria from P. pangasius was E. ictaluri
with sequence ID number KF9071291. The Confirmatory
result using PCR was positive E. ictaluri from organs of P.
pangasius and from isolated bacteria (Figure 6), while the
result of analysis using API kit 20E was unacceptable
because the kit doesn't provide for E. ictaluri identification.
Characterization of E. ictaluri by biochemical testing. The
result showed that the motile at 37 °C temperature,
fermentative and oxidative test, indole test, H2S, malonate,
L arabinose, D mannitol, sucrose dan trehalose were
negative.
The distribution of E. ictaluri was found high
prevalence infection in the kidney of P. pangasius (Table
2). It was also found in other types of bacteria, Aeromonas
sp., and Plesiomonas shigelloides, as co-infection bacteria
on P. pangasius. These kinds of bacteria could be assumed
are not the main cause of P. pangasius mortality, because it
can be seen in the picture Figure 3. The morphology of
colony distribution is not much compared to E. ictaluri
which was dominantly grown on the medium.
Practically, multiple bacterial pathogens exist in
aquaculture production systems and are possibly
responsible for disease outbreaks and significantly
outweigh single infection. Therefore, it was imperative to
investigate whether single or concurrent bacterial
pathogens were involved in the naturally diseased striped
catfish and subsequently also investigate the pathogenicity
of single- and dual-infection through experimental
challenges/investigations. The investigations revealed coinfections of Flexibacter columnare and E. ictaluri that
were found in naturally diseased Thai stripedcat fish which
exhibited columnaris and edwardsiellosis diseases (Dong et
al. 2015).
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Enteric septicemia disease of catfish which is caused by
E. ictaluri has been a long-standing problem in
aquaculture. Some methods could be used for E. ictaluri
bacteria identification, among all are using Polymerase
Chain Reaction Assay method, conventional Method, and
Sequencing Method. Polymerase chain reaction assay may
be employed for the early detection of E. ictaluri on
visceral organs of fish.
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Abstract. Syafutra R, Adi W, Iqbal M, Yustian I. 2018. Short communication: Dugong dugon Müller, 1776 (Sirenia, Dugongidae) in
Bangka Island, Indonesia. Biodiversitas 19: 823-830. Dugong dugon is a marine mammal species classified as Vulnerable. It has
distribution in Indonesia, especially in Bangka Island. However, only four records of dugong were reported in Bangka Island in 1976,
2006, and 2007. In addition, there is little published information about local beliefs toward dugong and awareness actions toward
dugong conservation in Bangka Island. This research compiled new records of dugong, local beliefs toward dugong, and awareness
actions toward dugong conservation in Bangka Island. Sixteen new records of dugong were collected in Bangka Island leading to a total
of 18 records for this island. All new records of dugong were obtained entirely from the eastern waters of Bangka Island. The new
records also informed that most of the dugongs were found dead and entangled in gill nets. In addition, an interesting local belief caused
Kurau Village becomes the most important location for fishermen to sell dead dugongs or dugongs’ meat. Furthermore, three main
awareness actions toward dugong had been implemented in Bangka Island in 2017.
Keywords: Awareness actions, Bangka Island waters, dugong, Indonesian waters, local beliefs, new records

INTRODUCTION
Dugong (Dugong dugon Müller, 1776) is one of large
and long-lived marine vertebrates including turtles and
inshore cetaceans (Preen 1998). According to de Iongh et
al. (2009a), dugong is part of the order Sirenia. All
sirenians are herbivore marine mammals and quite well
adapted to their marine environment. The Sirenia order
consists of two families, i.e., Trichechidae and
Dugongidae. The dugong is one of the two members of the
family of the Dugongidae. The other member, Steller’s sea
cow (Hydrodamalis gigas) was hunted to extinction within
30 years of its discovery in the eighteenth century. The
Trichechidae family consists of the three manatee species,
i.e., Florida manatee, Amazon manatee, and West African
manatee. Both the dugong and the manatee are often
referred to as sea cow but the dugong feeds primarily on
seagrasses and the manatee is more gregarious. The
dugong’s closest non-sirenian relative is the elephant.
The IUCN Red List of Threatened Species classified
dugong as Vulnerable (VU) (Marsh and Sobtzick 2015).
According to an assessment undertaken in 2008, dugong is
now extinct in the Maldives, Mauritius, and Taiwan, and
the species is declining in at least a third of the areas where
it is found (CMS 2015). Remaining occurrence has been
reported in Australia, Bahrain, Brunei Darussalam,
Cambodia, China, Cocos (Keeling) Islands, Comoros,
Djibouti, Egypt, Eritrea, India (Andaman and Nicobar

Islands and Laccadive Islands), Indonesia, Japan (Nanseishoto), Jordan, Kenya, Madagascar, Malaysia, Mayotte,
Mozambique, New Caledonia, Palau, Papua New Guinea
(Bismarck Archipelago), Philippines, Qatar, Saudi Arabia,
Seychelles, Singapore, Solomon Islands, Somalia, Sri
Lanka, Sudan, United Republic of Tanzania, Thailand,
Timor-Leste, United Arab Emirates, Vanuatu, Viet Nam,
and Yemen (Socotra) (Marsh and Sobtzick 2015).
Indonesia remains an important refuge for dugong in
Southeast Asia (Hutomo and Moosa 2005); nevertheless,
the size of the Indonesian dugong population remains
unknown (Kurniawan 2016). The first known written
record of a dugong in Indonesia was made in 1712 by
Samuel Falours, a Dutchman employed by the East Indies
Company, who described how a juvenile dugong was kept
for four days in a bathtub in Ambon (Hines et al. 2012).
Estimates in the 1970s and 1994 respectively suggested
that the Indonesian dugong population comprised 10,000
and 1,000 individuals (de Iongh et al. 2009a); however,
these figures are considered little more than guesses, as
very little scientific data is available on dugong distribution
and abundance in Indonesian waters (Kurniawan 2016).
Marsh et al. (2002) reported the areas where dugongs
have been observed within Indonesian territory include the
coastal waters of Sumatra (i.e., Riau, Bangka Island, and
Belitung Island), Java (i.e., Ujung Kulon National Park,
Cilegon coast, Labuhan coast, south of Cilacap, Segara
Anakan, and southeast of Blambangan), Kalimantan (i.e.,

774

B I O D I V E R S I T A S 19 (3): 823-830, May 2018

Balikpapan Bay, Kotawaringin, Karimata Island Marine
Reserve, Kumai Bay, and Derawan Island), Sulawesi (i.e.,
north-Arakan Wawontulap, Bunaken Island, central-Togian
Islands Marine Park, south east and south coasts-Wakatobi,
and Taka Bonerate Marine National Parks), Bali (i.e., south
Bal, Uluwatu beach, and Padang-padang beach), East Nusa
Tenggara (i.e., Sikka, Semau, Sumba, Lembata and Flores
Islands, Kupang Bay Marine Park, and Komodo National
Park), Maluku (i.e., Aru Islands (including Aru Tenggara
Marine Reserve), and Lease Islands (Haruku, Saparua,
Nusa Laut, Seram, and south of Halmahera), and West
Papua (i.e., Biak Island, Padaido Islands, Sorong, Fakfak
coasts, Cendrawasih Bay Marine National Park, and Wasur
National Parks). However, only four records of dugong
were reported in Bangka Island in 1976, 2006, and 2007
(de Iongh et al. 2009a, 2009b). In addition, there is littlepublished information about local beliefs toward dugong
and awareness actions toward dugong conservation in
Bangka Island. This research aimed to compile new records
of dugong, local beliefs toward dugong, and awareness
actions toward dugong conservation in Bangka Island.
MATERIALS AND METHODS
Records about the occurrence of dugong in Bangka
Island were compiled from Agency for Marine and
Fisheries of Bangka Belitung Islands Province, well-known
and reliable (local and national) online newspapers
supported with photographs or videos, and interviews of
reliable local people. All dugong records were screened,
and unconfirmed or ambiguous dugong records were
rejected. In addition, information about the distribution of
seagrass bed in Bangka Island was compiled from the
Center for Aquatic Resources and Small Islands Studies
(CARSIS) of Bangka Belitung University, Bangka,
Indonesia. Information about local beliefs toward dugong
in Bangka Island was compiled by interviewing reliable
local people (n = 135) with the snowball sampling method
(Broadfoot 2000). Locations of interviews were decided
based on locations of confirmed dugong records in Bangka
Island. Furthermore, awareness actions toward dugong
conservation in Bangka Island were compiled from Agency
for Marine and Fisheries of Bangka Belitung Islands
Province, and well-known and reliable (local and national)
online newspapers supported with photographs or videos.
RESULTS AND DISCUSSION
Records and distribution of dugong around Bangka Island
Sixteen new records of dugong were collected in
Bangka Island leading to a total of 20 records for this
island (Table 1). Most of the new records were obtained
from Central Bangka District (56.25%) and the rest were
obtained from South Bangka and Bangka Districts (25%
and 12.5% respectively), and Pangkalpinang City (6.25%)
(Figure 1). In old records, dugongs were limited to Bangka,
South Bangka, and West Bangka Districts; and none were
recorded in Central Bangka District and Pangkalpinang

City. However, there was no new record in West Bangka
District.
Of the 22 dugongs found on new records, 81.82% were
dead and 18.18% were alive. Of these, 50% were found
entangled in gill nets, 40.9% were stranded, and 9.1% were
found in guiding barrier trap net or called as sero. Gill nets
are significant threat to many marine mammals including
dugongs (Read et al. 2006; Moore et al. 2010; Pilcher et al.
2014; Marsh and Sobtzick 2015). According to Marsh et al.
(2002), gill nets have been threat to dugongs in many
countries, i.e., Somalia, Kenya, Tanzania, Mozambique,
Madagascar, Comoros, Mayotte, Seychelles, Mauritius,
Egypt, Sudan, Yemen, Saudi Arabia, United Arab
Emirates, Qatar, Bahrain, India (including Andaman
Islands and Nicobar Islands), Sri Lanka, Japan, Taiwan,
China, Philippines, Thailand, Cambodia, Vietnam,
Malaysia, Singapore, Brunei, Indonesia, Papua New
Guinea, New Caledonia, Vanuatu, and Australia. In
addition, there are four categories of stranded dugongs
(Marsh et al. 2000): (i) neonates which have become
separated from their mothers; (ii) diseased individuals
which are still alive; (iii) dead individuals; and (iv) healthy
individuals which have been stranded by the tide or by a
storm surge.
All new records of dugong were obtained entirely from
the eastern waters of Bangka Island (Figure 2). However,
there was no new record of dugong in the northern and the
western waters of Bangka Island. The facts were most
likely related to the distribution of seagrass as dugong feed
in those waters. Syari IA (2017, pers. com.) stated that the
eastern waters of Bangka Island have better coral reef and
seagrass bed distributions than the northern and the western
waters, since the eastern waters were clearer than others.
The statement of Syari IA (2017, pers. com.) is in line with
Praseno et al. (1984) and Muzaki et al. (2010). Praseno et
al. (1984) concluded that the eastern waters of Bangka
Island have better clarity and salinity than the northern and
the western waters; while Muzaki et al. (2010) concluded
that the eastern waters of Bangka Island have lower
turbidity than the northern waters. Water clarity is one of
the factors affecting seagrass distribution, because most
seagrass species require high water clarity to obtain more
light for photosynthesis (Browder et al. 2013; Hughes et al.
2016; Reynolds 2016); while water salinity is one of the
factors affecting seagrass distribution, because low water
salinity can decrease the ability of seagrass photosynthesis
(Dahuri et al. 2001; Hartati et al. 2012).
There are six genera of seagrass in the eastern waters of
Bangka Island, i.e., Halophila, Halodule, Cymodocea,
Thalassia, Enhalus, and Syringodium (Syari 2005;
Indonesian Ministry for Marine Affairs and Fisheries
2012a, 2012b, 2012c; Rosalina 2012; Adi et al. 2013; Adi
2015). These genera are eaten by dugongs (de Iongh 1997;
Azkab 1998; Adulyanukosol and Poovachirano 2006; Juraij
et al. 2014; Nontji 2015); however, the dugongs prefer
seagrass genera which are high in nitrogen content (Lanyon
1991; Aragones 1996), low on fibre, and high on energy
(de Iongh 1996). According to de Iongh et al. (2009a), the
genera high on nitrogen and low on fibre are usually the
fast-growing pioneer genera, which grow intertidally or

BIODIVERSITAS
Volume 19, Number 3, May 2018
Pages: 823-830

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190310

Figure 1. Distribution of dugong and seagrass bed in Bangka Island. Yellow dots refer to new records reported in this paper and red dots refer to old records. Numbers refer to record numbers in
Table 1. Green stars refer to seagrass beds
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Table 1. Details on all records of dugong in Bangka Island, Indonesia
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Date of found
dugong(s)

Location of dugong(s)

NR

The eastern waters of Bangka
Island, South Bangka District,
Lepar Pongok Sub-district
The eastern waters of Bangka
Island, Central Bangka District,
Pangkalan Baru Sub-district

NR

NR

23 July 2017

8 June 2017

4 June 2017

17 April 2017

16 April 2017

The eastern waters of Bangka
Island, Central Bangka District,
Pangkalan Baru Sub-district
The eastern waters of Bangka
Island, Central Bangka District,
Lubuk Besar Sub-district, Batu
Beriga Village
The eastern waters of Bangka
Island, South Bangka District,
Tukak Sadai Sub-district, Sadai
Village
The eastern waters of Bangka
Island, Central Bangka District,
Pangkalan Baru Sub-district
The eastern waters of Bangka
Island, Central Bangka District,
Namang Sub-district, Jelutung
Village
The eastern waters of Bangka
Island, Central Bangka District,
Koba Sub-district, Kurau Village

5 January 2017 The eastern waters of Bangka
Island, Central Bangka District,
Koba Sub-district, Penyak
Village
2015
The eastern waters of Bangka
Island, Bangka District, Riau
Silip Sub-district, Deniang
Village

Estimated
Number of Total length of Weight of
coordinate point dugong(s) dugong(s)
dugong(s)
of location
2°51'24.90"S
NR
NR
NR
106°55'53.79"E

Description

Source(s)

Dugongs were often found in the waters
around Pongok and Kelapan Islands.

Albert A 2017,
pers. com.

Classification
of dugong
record
New record

2° 9'48.31"S
106°18'6.23"E

NR

NR

NR

2° 9'4.80"S
106°17'27.53"E

NR

NR

NR

2°34'46.15"S
106°51'15.97"E

1 adult

NR

NR

It was found entangled in a gill net owned
Waseli R, pers.
by a Kurau fisherman in Batu Beriga waters com.
and died.

New record

3° 0'29.43"S
106°44'32.38"E

1 adult

NR

± 180 kg

It was stranded in Sadai waters and died.

Waseli R, pers.
com.

New record

2°50'54.01"S
106°48'18.86"E

1 adult
female and
1 calf
1 adult

± 2.36 m (adult NR
female) and ±
1.5 m (calf)
± 2.5 m
NR

They were found entangled in a gill net in
the waters around Seniur Island and died.

Wahyuni H 2017, New record
pers. com.

It was stranded in Jelutung waters and
released alive the next day.

Wahyuni H 2017, New record
pers. com.

2°15'49.33"S
106°19'28.21"E

1 adult

±2m

± 200 kg

2°21'31.45"S
106°18'52.39"E

1 adult

NR

± 100 kg

It was found entangled in a gill net owned
by Nahri in the waters around Ketawai
Island and released alive the next day with
compensation money Rp 8,000,000 = $ 600.
It was found entangled in a gill net and died.
The meat was sold.

Nahri 2017, pers. New record
com.; Kurniawan
2017; Satriawan
2017
Satriawan 2017
New record

1°44'43.32"S
106° 4'19.59"E

1 adult

NR

NR

2°16'5.87"S
106°13'38.31"E

Dugongs were often caught in the waters
Wahyuni H 2017, New record
pers. com.
around Semujur Island by fishermen. The
fishermen sold the dugongs to Kedimpel and
Tanjung Gunung Villages. Local people of
both villages resold them to Kurau Village,
Koba Sub-district, Central Bangka District.
Dugongs were often found in the waters
Maranda 2017
New record
around Semujur and Panjang Islands.

It was stranded in Deniang waters and died. Deventra W 2017, New record
pers. com.

8 August 2014

4 September
2013

2000-2010

2007

1998

< 1990

2007

2006
1976
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2°33'43.78"S
1 adult
NR
± 200 kg
It was found entangled in a gill net owned
106°51'22.59"E
by a Batu Beriga fisherman in Batu Beriga
waters and died. The fisherman sold the
meat to the center of fish auction of Kurau
Village, Koba Sub-district, Central Bangka
District.
The eastern waters of Bangka
2°19'12.92"S
1 adult
NR
± 300 kg
Three dugongs were found entangled in a
Island, Central Bangka District, 106°24'34.17"E male, 1
(adult
gill net owned by Nizar in the waters
Koba Sub-district, Penyak
adult
female) and between Penyak Village and Bebuar Island.
Village
female, and
± 20 kg
An adult male loosed itself from the gill net.
1 calf
(calf)
An adult female and its calf died. The adult
female was sold to the center of fish auction;
while the calf was sold by Nizar himself.
The eastern waters of Bangka
3° 1'15.40"S
3 dugongs NR
NR
They were stranded in Merun waters and
Island, South Bangka District,
106°53'7.37"E
died. Local people around Merun waters
Lepar Pongok Sub-district, Lepar
sold them to Kurau Village, Koba SubIsland
district, Central Bangka District.
The eastern waters of Bangka
2° 6'55.45"S
1 adult
NR
NR
It was found entangled in a gill net and
Island, Pangkalpinang City,
106°12'7.26"E
released alive into the waters.
Bukit Intan Sub-district,
Temberan Administrative
Village
The eastern waters of Bangka
2° 3'6.17"S
1 adult
NR
NR
It was found entangled in a gill net in Air
Island, Bangka District,
106°11'1.55"E
Anyir waters and died. The meat was sold.
Merawang Sub-district, Air
Anyir Village
The eastern waters of Bangka
2°53'48.12"S
5 dugongs NR
NR
Two dugongs were found in guiding barrier
Island, South Bangka District,
106°49'49.97"E
trap net or called as sero and three dugongs
Lepar Pongok Sub-district, Lepar
were stranded in Kampak waters. All
Island
dugongs died. Local people around Kampak
waters sold the dugongs to Kurau Village,
Koba Sub-district, Central Bangka District.
The western waters of Bangka
2° 7'54.55"S
NR
NR
NR
Dugongs were often found in the waters
105° 9'55.64"E
around Muntok.
Island, West Bangka District,
Muntok Sub-district
Bangka Island
NR
1 dugong
NR
NR
Its meat was sold in the local market.
The eastern waters of Bangka
Island, Central Bangka District,
Lubuk Besar Sub-district, Batu
Beriga Village

The northern waters of Bangka
Island, Bangka District, Belinyu
Sub-district
1976
The eastern waters of Bangka
Island, South Bangka District,
Tukak Sadai Sub-district
Note: NR = no recorded.

1°38'28.55"S
105°45'22.74"E

1 dugong

NR

NR

Its meat was sold in the local market in a
small town on the shore of Kelabat Bay.

2°57'29.93"S
106°38'33.68"E

2 dugongs

NR

NR

They were caught in Tukak bay.
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Ran 2014

New record

Rustam 2013,
pers. com.;
Zulkodri 2013

New record

Albert A 2017,
pers. com.

New record

Ragilmahar 2017, New record
pers. com.

Effendi Z 2017,
pers. com.

New record

Albert A 2017,
pers. com.

New record

de Iongh et al.
2009b

Old record

de Iongh et al.
2009a
de Iongh et al.
2009a

Old record

de Iongh et al.
2009a

Old record

Old record
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subtidally on sand or mud, like Halophila and Halodule.
Empirical data from Preen (1992) and Aragones (1996)
indicate that dugong normally consumes about 28 to 40 kg
wet mass (3.16-4.52 kg dry mass) of seagrass per day.
Both leaves and rhizomes and also parts of the roots of the
seagrasses are eaten, producing distinctive feeding trails
(de Iongh et al. 2009a). Although the dugong feeds
primarily on seagrasses, some researchers have suggested
that they can incidentally consume invertebrates (Preen
1995; de Iongh et al. 2009a).
The loss of dugongs in the northern and the western
waters of Bangka Island according to Budi (2013) is also
caused by offshore tin mining. The statement of Budi
(2013) is supported by Nurtjahya et al. (2017) who
concluded that offshore tin mining reduces water quality,
changes seabed and its biodiversity, and increases the
mortality of coral reefs and seagrass beds and their
associated fauna. Nevertheless, Budi (2013) stated that the
eastern waters of Bangka Island are still safe from the
offshore tin mining.
Local beliefs toward dugong in Bangka Island
Overall, 135 local people from the 9 selected villages
spread over five districts were interviewed (Table 2). All of
the local people interviewed were fishermen aged 20 to 50.
Based on these interviews, only four locations had local
beliefs toward dugong, i.e., Penyak, Kurau, Batu Beriga,
and Tukak Sadai Villages. In these villages, they believed
that dugong tears could be used as an anti-aging potion as
well as a love potion. Marsh et al. (2002) stated that
dugong tears as a love potion or an aphrodisiac are a
common belief in the people of Indonesia, Malaysia,
Brunei, Singapore, and Thailand. According to de Iongh et
al. (2009a), dugong tears are collected when the dugong is
caught alive. When the eyes are exposed to air, the lacrimal
gland excretes tears. Nowadays, dugong tears can still be
found in the market, but it often does not contain the real
tear of the dugong anymore. Besides dugong tears, local
people in Kurau Village believed that dead dugong was a
gift from God and that they should get the meat of this dead
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dugong; otherwise, they would have misfortune. This local
belief caused Kurau Village becomes the most important
location for fishermen to sell dead dugongs or dugongs'
meat (Table 1).
Local belief toward dugong in Bangka Island is also
found in Lom tribe. The people in this tribe believe that
dugong teeth can act as anti-black magic. They soak
dugong teeth into cold water and spell it. The spelled water
is then drunk by people who were affected by black magic
(Afriyansyah et al. 2016). According to de Iongh et al.
(2009a), several parts of the dugong (hair, bones, teeth,
tusks, liver, gallbladder, and penis) are believed to have
medicinal power in Indonesia, Malaysia, and the
Philippines. In addition, the bones of the dugong are also
believed to give protection and good luck. The teeth are
also used to make cigarette holders.
Awareness actions toward dugong conservation in
Bangka Island
Three main awareness actions toward dugong had been
implemented in Bangka Island in 2017. No awareness
action took place before 2017. The first action was the
socialization of dugong conservation, which emphasized
the importance of rescuing and conserving dugong and its
habitat. The socialization took place in early January 2017
in Kurau and Penyak Villages, Central Bangka District
carried out by Agency for Marine and Fisheries of Bangka
Belitung Islands Province. This action was expected to
increase local people awareness, especially fishermen
toward dugong conservation (Wahyuni H 2017, pers.
com.). The socialization in those villages was needed,
because the villages were the main locations for fishermen
to sell dead dugongs or dugongs' meat.
The second action was the establishment of Semujur
and Panjang Islands, Central Bangka District as dugong
conservation and rehabilitation areas in early July 2017 by
Indonesian Ministry for Marine Affairs and Fisheries. The
establishment was a form of the awareness of Indonesian
Ministry for Marine Affairs and Fisheries toward dugong
conservation in Bangka Island (Maranda 2017).

B

Figure 2. A. A dead adult dugong was being cut by fishermen to be sold in Penyak Village, Koba Sub-district, Central Bangka District on 5
January 2017 (photograph by Bangka Post); B. A live adult dugong was being rescued from Kurau Village, Koba Sub-district, Central
Bangka District on 17 April 2017 (photograph by NGO of ALOBI)
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Table 2. Local beliefs toward dugong in Bangka Island, Indonesia
Location of interviews
Central Bangka District

Bangka District
Pangkalpinang City
West Bangka District
South Bangka District

Penyak Village
Kurau Village
Jelutung Village
Batu Beriga Village
Deniang Village
Air Anyir Village
Temberan Administrative Village
Muntok Sub-district
Tukak Sadai Village

The third and latest action was the practice on how to
handle stranded marine mammals. The practice took place
in 5-7 September 2017 in Central Bangka District carried
out by Indonesian Ministry for Marine Affairs and
Fisheries in collaboration with World Wildlife FundIndonesia (WWF-Indonesia), Indonesian Institute of
Sciences, Agency for Marine and Fisheries of Bangka
Belitung Islands Province, Agency for Marine and
Fisheries of Central Bangka District, and Pan Semujur
Lestari Foundation. This action was expected that
fishermen would be able to save the stranded marine
mammals, especially dugongs. Besides fishermen,
government officials, NGOs of conservation, researchers,
and academics also participated in this action (Wahyuni H
2017, pers. com.).
Further research recommendation
Through this research, we concluded that dugongs are
limited in the eastern waters of Bangka Island at present.
Therefore, further research aimed to estimate dugong
population in that waters is required. We recommend the
further research use aerial survey combined with strip (i.e.,
fixed-width) transects (Hines 2002; Hines et al. 2005),
which is the most commonly recommended survey method
for the dugong (Marsh 1995; Pollock et al. 2006) and has
been shown to be an efficient way to cover the most area
with the least time and expense (Hines et al. 2005). In
addition, we stated that the existence of dugong in the
eastern waters of Bangka Island is most likely caused by
the existence of healthy seagrass beds in that waters. Our
statement is in line with Sheppard et al. (2000) who stated
that dugongs are an indicator species for healthy seagrass
beds. Thus, further research aimed to assess the health of
seagrass beds in the eastern waters of Bangka Island is
required.
ACKNOWLEDGEMENTS
We thank all people involved in this research,
especially to Ahmad Albert, Lastri Dwi Saputri, Intan Sari,
Novita Sari, and Reka Dwi Saputri (Department of
Biology, Faculty of Agriculture, Fisheries, and Biology,
University of Bangka Belitung, Indonesia), Hasti Wahyuni

Date of interviews
17 July 2017
22 July 2017
5 August 2017
21 October 2017
19 August 2017
6 November 2017
28 July 2017
13 October 2017
4 July 2017

Number of
interviewers
15
15
15
15
15
15
15
15
15

Local belief
in existence
Yes
Yes
No
Yes
No
No
No
No
Yes

and Retfi Wiseli (Agency for Marine and Fisheries of
Bangka Belitung Islands Province, Indonesia), Indra
Ambalika Syari (Department of Marine Science, Faculty of
Agriculture, Fisheries, and Biology, University of Bangka
Belitung), and Zahrial Effendi (NGO of Flora Fauna
Bangka). Special thanks to Dr. Claire Garrigue and Dr.
Syarif Syarifuddin for providing reviews and suggestions
to an earlier version of this manuscript.
REFERENCES
Adi W, Adibrata S, Franto. 2013. Spatial analysis of coral reefs and
seagrass beds condition at Ketawai Island, Central Bangka District.
Akuatik 7 (2): 27-32. [Indonesian]
Adi W. 2015. Review of seagrass bed cover changes using remote sensing
at Lepar Island, Bangka Belitung Islands Province. Maspari J 7 (1):
71-78. [Indonesian]
Adulyanukosol K, Poovachirano S. 2006. Dugong (Dugong dugon) and
seagrass in Thailand: present status and future challenges. In: Arai N
(ed.). Proceedings of the 3rd International Symposium on
SEASTAR2000 and Asian Bio-logging Science (The 7th
SEASTAR2000 Workshop). Kyoto University, Kyoto, Japan,
December 2006.
Afriyansyah B, Hidayati NA, Aprizan H. 2016. The use of animals as
traditional medicines by Lom ethnic people in Bangka Island,
Indonesia. J Penelit Sains 18 (2): 66-74. [Indonesian]
Aragones L. 1996. Dugongs and Green Turtles: Grazers in the Tropical
Seagrass Ecosystem. [Dissertation]. James Cook University,
Townsville, Queensland, Australia.
Azkab MH. 1998. Dugong as the grazer of seagrass. Oseana 23 (3 & 4):
35-39. [Indonesian]
Broadfoot P. 2000. Interviewing in a cross-cultural context: some issues
for comparative research. In: Pole CJ, Burgess RG (eds). Crosscultural Case Study. Elsevier Science, New York, USA.
Browder JA, Fourqurean J, Lirman D, Nuttle WK. 2013. Benthic habitat:
Seagrasses. In: Nuttle WK, Fletcher PJ (eds). Marine and Estuarine
Goal Setting for South Florida (MARES) Project: Integrated
Conceptual Ecosystem Model Development for the Southeast Florida
Coastal Marine Ecosystem. NOAA Technical Memorandum, OARAOML-103, and NOS-NCCOS-163, Miami, Florida, USA.
http://www.aoml.noaa.gov/ocd/ocdweb/docs/MARES/MARES_SEF
C_ICEM_20131001_Appendix_Seagrasses.pdf.
Budi R. 2013. Dugong habitat in Bangka Island is disrupted.
https://issuu.com/radar.bangka/docs/full_page_463eeae617e1e0.
[Indonesian]
CMS [Convention on the Conservation of Migratory Species of Wild
Animals]. 2015. International efforts save dugongs, the world’s last
remaining
mermaids.
http://www.cms.int/dugong/en/news/international-efforts-savedugongs-world%E2%80%99s-last-remaining-mermaids.

780

B I O D I V E R S I T A S 19 (3): 823-830, May 2018

Dahuri R, Rais J, Ginting SP, Sitepu MJ. 2001. Integrated Coastal and
Marine Resource Management. PT. Pradnya Paramita, Jakarta.
[Indonesian]
de Iongh HH, Hutomo M, Moraal M, Kiswara W. 2009a. National
Conservation Strategy and Action Plan for the Dugong in Indonesia,
Part I Scientific Report. The Research Center for Oceanography,
Jakarta, Indonesia and the Institute of Environmental Sciences,
Leiden, the Netherlands.
de Iongh HH, Hutomo M, Moraal M, Kiswara W. 2009b. National
Conservation Strategy and Action Plan for the Dugong in Indonesia,
Part II Strategy Report. The Research Center for Oceanography,
Jakarta, Indonesia and the Institute of Environmental Sciences,
Leiden, the Netherlands.
de Iongh HH. 1996. Plant-Herbivore Interactions between Seagrasses and
Dugongs in a Tropical Small Island Ecosystem. [Dissertation].
Catholic University of Nijmegen, the Netherlands.
de Iongh HH. 1997. Current status of dugongs in Indonesia. In: Tomascik
T, Mah AJ, Nontji A, Moosa MK (eds). The Ecology of the
Indonesian Seas, Part II. Dalhousie University, Canada and Periplus
Editions, Hong Kong.
Hartati R, Djunaedi A, Hariyadi, Mujiyanto. 2012. Seagrass community
structure of Kumbang waters-Karimunjawa Islands. Ilmu Kelaut 17
(4): 217-225. [Indonesian]
Hines E, Adulyanukosol K, Duffus DA. 2005. Dugong abundance along
the Andaman coast of Thailand. Mar Mammal Sci 21 (3): 536-549.
Hines E, Adulyanukosol K, Poochaviranon S, Somany P, Ath LS, Cox N,
Symington K, Tun T, Ilangakoon A, de Iongh HH, Aragones LV, Lu
S, Jiang X, D’souza E, Patankar V, Sutaria D, Jethva B, Solanki P.
2012. Dugongs in Asia. In: Hines E, Reynolds J, Mignucci-Giannoni
A, Aragones L, Marmontel M (eds). Sirenian Conservation: Issues
and Strategies in Developing Countries. University Press of Florida,
Gainesville, Florida, USA.
Hines E. 2002. Conservation of the Dugong (Dugong dugon) along the
Andaman Coast of Thailand: An Example of the Integration of
Conservation and Biology in Endangered Species Research.
[Dissertation]. University of Victoria, Victoria, Canada.
Hughes RN, Hughes DJ, Smith IP, Dale AC. 2016. Oceanography and
Marine Biology: An Annual Review, Volume 54. CRC Press-Taylor
and Francis Group, Florida, USA.
Hutomo M, Moosa MK. 2005. Indonesian marine and coastal
biodiversity: Present status. Indian J Mar Sci 34 (1): 88-97.
[Indonesian]
Indonesian Ministry for Marine Affairs and Fisheries. 2012a. Panjang
Island.
http://www.ppk-kp3k.kkp.go.id/direktoripulau/index.php/public_c/pulau_ info/376. [Indonesian]
Indonesian Ministry for Marine Affairs and Fisheries. 2012b. Semujur
Island.
http://www.ppk-kp3k.kkp.go.id/direktoripulau/index.php/public_c/pulau_ info/377. [Indonesian]
Indonesian Ministry for Marine Affairs and Fisheries. 2012c. Lepar
Island.
http://www.ppk-kp3k.kkp.go.id/direktoripulau/index.php/public_c/pulau_ info/2083. [Indonesian]
Juraij, Bengen DG, Kawaroe M. 2014. The diversity of seagrass as
Dugong dugon feed in Busung Village, North Bintan, Riau Islands.
Omni-Akuatika 13 (19): 71-76. [Indonesian]
Kurniawan MFAK. 2016. Dugong and seagrass conservation in Indonesia.
http://www.dugongconservation.org/where-we-work/indonesia/.
[Indonesian]
Kurniawan R. 2017. An adult dugong in Central Bangka District.
https://www.youtube.com/watch?v=wW4SrT19Jsw. [Indonesian]
Lanyon JM. 1991. The Nutritional Ecology of the Dugong (Dugong
dugon) in Tropical North Queensland. [Dissertation]. Monash
University, Australia.
Maranda S. 2017. Central Bangka becomes the center of pilot project of
dugong
conservation
in
Indonesia.
https://nasional.tempo.co/read/882819/bangka-tengah-jadi-pilotproject-konservasi-dugong-di-indonesia. [Indonesian]
Marsh H, Eros C, Webb R. 2000. Dugongs in health and disease.
Proceedings 335 (Marine Wildlife: The Fabian Fay Course of
Veterinarians). Postgraduate Foundation for Veterinary Science,
University of Sydney, Australia, 4-8 September 2000.

Marsh H, Penrose H, Eros C, Hugues J. 2002. Dugong Status Report and
Action Plans for Countries and Territories. [Early Warning and
Assessment Report Series]. United Nations Environment Program
UNEP/DEWA/RS.02-1.
Marsh H, Sobtzick S. 2015. Dugong dugon. The IUCN Red List of
Threatened
Species
2015:
e.T6909A43792211.
DOI:
10.2305/IUCN.UK.2015-4.RLTS.T6909A43792211.en.
Marsh H. 1995. Fixed-width aerial transects for determining dugong
population sizes and distribution patterns. In: O’Shea T, Ackerman
BB, Percival HF (eds). Population Biology of the Florida Manatee,
Information and Technology Report 1. US Department of the Interior,
National Biological Service, Washington DC, USA.
Moore JE, Cox TM, Lewison RL, Read AJ, Bjorkland R, McDonald SL,
Crowder LB, Aruna E, Ayissi I, Espeut P, Joynson-Hicks C, Pilcher
N, Poonian CNS, Solarin B, Kiszka J. 2010. An interview-based
approach to assess marine mammal and sea turtle captures in artisanal
fisheries. Biol Conserv 143 (3): 795-805.
Muzaki FK, Muhajir F, Ariyanto G, Rimayanti R. 2010. The condition of
Coral Reefs in Bangka Waters, Bangka Belitung Province.
[Biological Research Report for National Voyage of Young Scientist,
Batch II]. Indonesian Directorate General for Higher Education and
Indonesian Research Center for Oceanography, Jakarta. [Indonesian]
Nontji A. 2015. Dugong is Not Mermaid. Yayasan Lamun Indonesia,
Jakarta. [Indonesian]
Nurtjahya E, Franklin J, Umroh, Agustina F. 2017. The impact of tin
mining in Bangka Belitung and its reclamation studies. MATEC Web
Conf 101: 1-6.
Pilcher NJ, Williams J, Hopkins G, Hess D, Jaouen L. 2014. CMS-UNEP
Questionnaire Survey: Assessment of Dugong Distribution and
Interactions with Small-Scale Fisheries. CMS-UNEP Office, Abu
Dhabi, United Arab Emirates.
Pollock KH, Marsh H, Lawler IR, Allredge MW. 2006. Estimating animal
abundance in heterogeneous environments: an application to aerial
surveys for dugongs. J Wildl Manag 70 (1): 255-262.
Praseno DP, Kastoro W, Moosa MK. 1984. The Evaluation of Bangka
Strait Waters Condition and Surroundings, 1977-1978. Indonesian
Oceanology Institute, Indonesian Institute of Sciences, Jakarta.
[Indonesian]
Preen A. 1995. Diet of dugongs: are they omnivores?. J Mammal 76 (1):
163-171.
Preen A. 1998. Marine protected areas and dugong conservation along
Australia’s Indian Ocean coast. Environ Manage 22 (2): 173-181.
Preen AR. 1992. Interactions between Dugongs and Seagrasses in a
Subtropical Environment. [Dissertation]. James Cook University,
Townsville, Queensland, Australia.
Ran. 2014. The entanglement of a 200 kg adult dugong in Central Bangka
District.
http://www.rakyatpos.com/duyung-200-kg-terperangkapjaring.html. [Indonesian]
Read AJ, Drinker P, Northridge S. 2006. Bycatch of marine mammals in
US and global fisheries. Conserv Biol 20 (1): 163-169.
Reynolds
PL.
2016.
Seagrass
and
seagrass
beds.
http://ocean.si.edu/seagrass-and-seagrass-beds.
Rosalina D. 2012. Study of seagrass community structure and physical
and chemical factors affect the seagrass growth in Central Bangka
District. Akuatik 6 (1): 23-27. [Indonesian]
Satriawan I. 2017. The release of adult dugongs in Central Bangka District
with
compensation
of
8
million
rupiahs.
http://bangka.tribunnews.com/2017/04/18/lagi-ikan-duyung-langkatertangkap-di-bangka-tengah-dilepas-kembali-dengan-kompensasi-8juta?page=all. [Indonesian]
Sheppard JK, Preen AR, Marsh H, Lawler IR, Whiting SD, Jones RE.
2006, Movement heterogeneity of dugongs, Dugong dugon Müller
over large spatial scales. J Exp Mar Biol Ecol 334 (1): 64-83.
Syari IA. 2005. The Association of Gastropods in Seagrass Bed
Ecosystem, Lepar Island Waters, Bangka Belitung Islands Province.
[Hon. Thesis]. Bogor Agricultural University, Bogor. [Indonesian]
Zulkodri. 2013. The fighting of Central Bangka people for dugong tears.
http://www.tribunnews.com/regional/2013/09/04/warga-bangkatengah-berebut-air-mata-ikan-duyung. [Indonesian]

BIODIVERSITAS
Volume 19, Number 3, May 2018
Pages: 831-839

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190311

Ant species (Hymenoptera: Formicidae) in the three forests of the
Ischigualasto Provincial Park, a protected area of the Monte Desert,
Argentina
1

EMILCE AMATTA1,2,♥, LUIS A. CALCATERRA4,5, STELLA M. GIANNONI1,2,3,♥♥

Centro de Investigación de la Geósfera y la Biósfera, Universidad Nacional de San Juan-Consejo Nacional de Investigaciones Científicas y Técnicas,
Facultad de Ciencias Exactas, Físicas y Naturales, Complejo Universitario Islas Malvinas, Ignacio de la Roza 590 (Oeste), Rivadavia (J5402DCS), San
Juan, Argentina. Tel.: +54-264-4260353, Fax.: +54-2644234980, ♥email: emilceamatta@unsj-cuim.edu.ar; ♥♥ sgiannoni@unsj-cuim.edu.ar
2
Departamento de Biología, Facultad de Ciencias Exactas, Físicas y Naturales, Universidad Nacional de San Juan, San Juan, Argentina
3
Instituto y Museo de Ciencias Naturales, Facultad de Ciencias Exactas, Físicas y Naturales, Universidad Nacional de San Juan San Juan, Argentina
4
Fundación para el Estudio de Especies Invasivas (FuEDEI), Buenos Aires, Argentina
5
Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), Buenos Aires, Argentina
Manuscript received: 7 February 2018. Revision accepted: 17 April 2018.

Abstract. Amatta E, Calcaterra LA, Giannoni SM. 2018. Ant species (Hymenoptera: Formicidae) in the three forests of the
Ischigualasto Provincial Park, a protected area of the Monte Desert, Argentina. Biodiversitas 19: 831-839. Deforestation and overgrazing mediated by the humans have caused a serious process of desertification in the Argentine Monte Desert, which threats
biodiversity of this ecosystem. Forests provide important resources and refuge for animal species, such as ants. The objective of this
work was to survey the ant fauna of dryland forests of Ischigualasto Provincial Park, a protected area located in the hyper-arid Monte
Desert ecoregion in the province of San Juan, Argentina. Ant species were surveyed in summer in three types of forests (Prosopis,
Ramorinoa and Bulnesia forests), using a combination of sampling methods: pitfall-traps, baiting, and hand collection. A total of 33 ant
species were collected, of which 17 are new records for the Monte Desert and Dry Chaco and 24 for the San Juan province. The species
richness is within the range reported for other Argentine desert and semi-desert areas. Prosopis forest was the richest with 32 species (24
exclusive), followed by Ramorinoa and Bulnesia forests with 11 and 4 species, respectively. This study contributes to improve the
knowledge of ant fauna in desert habitats of the world, especially those inhabiting Prosopis forests, which are the most important ant
diversity hotspots within the hyper-arid desert.
Keywords: Arid land, desert’ biodiversity, Formicidae, native forests, ant richness

INTRODUCTION
Ants are ecologically significant invertebrates in many
forest ecosystems that constitute up to 95% of animal
biomass (Moffett 2012), perform important ecological
functions (Ginzburg et al. 2008, Whitford et al. 2008) and
they are also involved in diverse animal-plant interactions
(Hölldobler and Wilson 1990, Chacoff and Aschero 2014).
Arid zones support fewer ant species in comparison to
tropical terrestrial ecosystems (Rojas and Fragoso 2000).
However, ants are still abundant and conspicuous
components of arid ecosystems due to the biomass they
represent compared to other taxa (MacKay 1991). Deserts
have harsh environmental conditions, which are
characterized by high solar radiation, pronounced
temperature fluctuations and scarce humidity (Whitford
2002). These environmental conditions impose severe
restrictions that limit the distribution, establishment and,
consequently, richness and abundance of ants (PérezSánchez et al. 2012). In desert areas, forests are important
habitat components because they provide critical resources
and refuge for ants (Bestelmeyer and Schooley 1999).
Trees offer suitable foraging and nesting sites, creating
appropriate microclimates under their canopies, a layer of
litter on the soil surface (Bestelmeyer 1997), floral and

extra-floral nectaries, and fruits that provide food resources
to several omnivorous ant species among other resources
(Fuster 2012).
Arid and semiarid lands represent 75% of the total area
of Argentina (Cabrera and Willink 1980). Ischigualasto
Provincial Park is a protected area located in the hyper-arid
part of the Monte of mountains and basins ecoregion
(Márquez et al. 2005). This ecoregion has a complex
topographic relief accompanied by a diverse mosaic of
habitats (Burkart et al. 1999), physiognomically
characterized by shrubs and forests dominated by Prosopis
flexuosa DC and P. chilensis (Molina) Stuntz. emend
Burkart (Leguminosae). In this arid environment, Prosopis
species are key components because they create favourable
microhabitats that support plant and animal species that do
not occur in other microhabitats (Campos and Velez 2015).
Ramorinoa girolae Speg. (Fabaceae) and Bulnesia retama
Gillies ex Hook. & Arn (Zygophillaceae) are two other
important trees of this ecoregion.
Trees of this ecoregion have high ecological value due
to the biological interactions established within their
communities, therefore, they represent a concern for
conservation. Prosopis has an important role in providing
shade, protection and food for animals and plants (Perosa et
al. 2014). However, in spite of its relevance, it is the most
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threatened forest because of heavy logging (Villagra et al.
2009). R. gorilae is ranked as vulnerable due to its
restricted geographical distribution, poor fire resistance and
monotypic nature (Demaio et al. 2002). This forest has
many important functions such as slope stabilization,
erosion control, and as a harbor for high diversity of plants
and fauna (Campos et al. 2017). B. retama has an important
role protecting soils and its associated flora and fauna
(Dalmasso and Llera 1996). Continuous extraction of wood
from B. retama trees for vineyard posts as well as intensive
pruning for wax production have greatly diminished their
natural populations (Dalmasso and Llera 1996).
In spite of the importance of these forests in dryland,
there is scarce information about the arthropod species
occurring in them. Local inventories of the Argentine ant
fauna are concentrated in wetter areas (Calcaterra et al.
2010, Hanisch et al. 2015), while ant assemblages from
most arid zones remain unknown. This lack of information
represents a concern since deserts are part of vulnerable
ecosystems (Assessment Millennium Ecosystem 2005).
The objective of this study was to survey the ant fauna
occurring in the dryland forests of Ischigualasto Provincial
Park. This study lists the ant species in the three forests of
this protected area, and contributes to increase the
knowledge of how these ants use the different microhabitats.

MATERIALS AND METHODS
Study area
This study was conducted in Ischigualasto Provincial
Park (IPP) (30º 05’S, 67º 55’W), a protected area located in
the province of San Juan, Argentina (Figure 1). The park
stretches from over 62,369 ha and has a mean altitude of
1,300 m above sea level. IPP and Talampaya National Park
make up the Ischigualasto-Talampaya site, which was
declared a World Heritage Site by UNESCO in 2000. The
study area lies in the hyper-arid part of the Monte of
mountains and basins ecoregion, and occupies a small
portion of the Dry Chaco ecoregion (Brown et al. 2006).
Overall plant cover is low (nearly 15%), and the vegetation
is dominated by Larrea and Atriplex spp. and four tree
species: Prosopis chilensis and P. flexuosa, Ramorinoa
girolae, and Bulnesia retama (Figure 2), as well as a low
and seasonal herbaceous layer (Acebes et al. 2010). The
forests occupy around 27% of the 62,369 ha (Márquez et
al. 2005) of protected area. The B. retama forest is the
largest in extent, covering ~15% (9.300 ha), followed by
the R. girolae forest ~9% (5.600 ha) and the Prosopis spp.
forest ~3% (1.900 ha) of the park’s land surface (Campos
et al. 2016).

Figure 1. Map of Ischigualasto Provincial Park, San Juan, Argentina. Triangles, circles and squares indicate survey sites of each forest
type. See text for a detailed description of the protected area. Reference frame POSGAR 07, GK
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Figure 2. Trees of the Prosopis spp., Ramorinoa girolae and Bulnesia retama forests. A-B. The Prosopis forests which are trees with a
mean height of 2.46 m tall, reaching a maximum height of 8.20 m (Campos et al. 2018). C. The R. girolae trees which have a mean
height of 4.84 m (Campos et al. 2017) and can reach up to 6 m high (Marquez et al. 2005). D. The B. retama forests are trees with an
average height of 1.60 m and can reach up to 3 m high (S. Giannoni, unpublished data). The Prosopis trees occupy around ~49 ind/ha,
the R. girolae ~33 ind/ha and the B. retama the ~11 ind/ha (V. Campos, unpublished data).

The climate is arid with seasonal differences very
marked. A mean annual precipitation of 100 mm (Labraga
and Villalba 2009) concentrated in the warmest months
(November-March) and averaging only 8 mm in the coldest
months (April-October). Mean temperature in summer is
24.3°C, with an absolute maximum of 45°C in January,
whereas mean temperature in winter is 8.5°C, with an
absolute minimum of -10°C in July (De Fina et al. 1962).
Data collection
Ant sampling was conducted from 9 a.m. to 8 p.m.
during summer months of 2012 and 2013. Sampling was
carried out at different points along the Prosopis spp., R.
girolae, and B. retama forests (Figure 1). Ants were
collected using a combination of pitfall-traps, baiting, and
hand collecting methods. Sampling effort was
approximately similar in the three forest types, resulting in
a sampling effort of 260 h per forest (pitfall traps=240 h,

baits= 10 h, and manual collection= 10 h). In each forest,
we placed 10 pitfall-traps under tree’s canopy during 24 h
(separated 10 m from each other). Moreover, 20 baits in
each forest were placed, separated by at least 1 m from
each other, on the ground under trees, and on the trunks
and branches. The baits consisted of 5x5 cm pieces of
paper with peanut butter on them, stations remained there
for 30 min, and all ant species attracted by them were
collected. Three people performed manual gathering during
10 h in each forest. The ground beneath leaf litter, the
trunks, the area under the bark of the trees and other
surfaces were visually searched for ants at each sampling
site. The total amount of time spent on visual searching
was approximately 1 h in R. girolae trees, 50 min in
Prosopis spp. trees and 42 min in B. retama trees. The time
spent in each tree species varied based on the size and
structural complexity of trees involved in the search.
Microhabitats where ants were found were always
recorded.
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Results
Thirty-three ant species belonging to four subfamilies
and 13 genera were recorded in the three types of forests;
including 30 new species for the IPP, 24 new species for
San Juan Province, and 17 new species for the Monte of
mountains and basins and Dry Chaco ecoregions (Table 1).
Myrmicinae was the predominant subfamily with 19
species, followed by the Dolichoderinae subfamily with
eight species, Formicinae with five species, and Dorylinae
with only one species, whereas the richest genera were
Camponotus, Dorymyrmex, Forelius, Pheidole, and
Solenopsis with four species each (Table 1).
Prosopis spp. was the richest forest with 32 ant species
(97% of the total species), followed by R. girolae forest
with 11 species (33%) and B. retama forest with four
species (12%); only Camponotus mus Roger, Camponotus
punctulatus Mayr, Dorymyrmex ensinfer Forel, and
Dorymyrmex planidens Mayr were recorded in all three
forests (Table 1). Twenty-four species were exclusively
collected in the Prosopis spp. forest, whereas Neivamyrmex

Table 1. Checklist of ants found in the three types of forests in
Ischigualasto Provincial Park, San Juan, Argentina
Forest

Species

Voucher
code

B. retama

RESULTS AND DISCUSSION

diana (Forel) was only collected from the R. girolae forest;
no exclusive species was collected in the B. retama forest.
Of the 33 species found, only 19 species were
previously reported in four Monte Desert and Dry Chaco
neighbouring areas (Table 2). The most represented
functional groups were the hot-climate specialist (10
species), followed by Generalized myrmicine (8 species),
Attini, Subordinate camponotini, and Arboreals (4 species
each), and Cryptic, Army ants, and Opportunistic (1
species each) (Table 2).

R. girolae

The pitfall traps were plastic containers of 6 cm in
diameter and 9 cm deep. Traps were filled to a depth of 3
cm with 70% solutions of an ethylene glycol/ethanol
mixture as a preservative. Ants gather on the visual
searches and with baits were collected, and preserved in
96% alcohol for their later identification in the laboratory
under a dissecting microscope. Ants were initially
identified to the genus level using available keys
(Kusnezov 1978, Palacio and Fernández 2003) and then to
the species level following Bolton (2013), genus keys and
the help of specialists and photographic material available
in Antweb page.
Ants were additionally assigned to functional groups
following a classification adapted from Andersen (1995),
Bestelmeyer and Wiens (1996), and field observations of
behaviour on baits and available data on natural history of
Argentine ant species, as in Calcaterra et al. (2010). Some
groups defined by Bestelmeyer and Wiens (1996) for
Argentine Chaco are exclusive to the Neotropical region
(e.g. Attini) and have no correlations to Australian
functional groups defined by Andersen (1995) and
viceverse, some Australian functional groups are absent in
Argentina (e.g. Dominant Dolichoderinae).
The voucher specimens were deposited in the ant fauna
section of the Colección Entomológica IADIZA-CONICET
in Mendoza, Argentina. Fieldwork was conducted under
the research and collecting permit (expediente No. 13004004/2012) issued by Secretaría de Estado de Ambiente y
Desarrollo Sustentable of San Juan, Argentina.
We employed generalized linear models (GLM) with
Poisson error distribution (Crawley 2007) to evaluate the
use of different microhabitats by ants in forests. The
response variable used in the model was the richness of
ants in each microhabitat. The statistical analyses were
carried out using R Core Team (2017).

Prosopis spp.

834

Dolichoderinae
Dorymyrmex ensifer Forel, 1912
Dorymyrmex exsanguis Forel, 1912
Dorymyrmex planidens Mayr, 1868
Dorymyrmex wolffhuegeli Forel, 1911*
Forelius albiventris Forel, 1912*
Forelius chalybaeus Emery, 1906*
Forelius nigriventris Forel, 1912*
Forelius rufus Gallardo, 1916*

+
+
+
+
+
+
+
+

+
+
-

+
+
-

CEI-17497
CEI-17498
CEI-17499
CEI-17500
CEI-17501
CEI-17502
CEI-17503
CEI-17504

Dorylinae
Neivamyrmex diana (Forel, 1912)*

-

+

-

CEI-17505

Formicinae
Brachymyrmex patagonicus Mayr, 1868*
Camponotus blandus (Smith, 1858)*
Camponotus mus Roger, 1863
Camponotus substitutus Emery, 1894
Camponotus punctulatus Mayr, 1868

+
+
+
+
+

+
+
+

+
+

CEI-17506
CEI-17507
CEI-17508
CEI-17509
CEI-17510

Myrmicinae
Acromyrmex lobicornis (Emery, 1888)
Acromyrmex striatus (Roger, 1863)
Cephalotes bruchi (Forel, 1912)*
Cephalotes liogaster (Santschi, 1916)*
Cephalotes quadratus (Mayr, 1868)*
Crematogaster rochai Forel, 1903*
Crematogaster quadriformis Roger, 1863*
Cyphomyrmex rimosus (Spinola, 1851)*
Kalathomyrmex emeryi (Forel, 1907)*
Pheidole aberrans Mayr, 1868*
Pheidole bergi Mayr, 1887
Pheidole triconstricta Forel, 1886*
Pheidole vafra Santschi, 1923*
Pogonomymex brevibarbis Emery, 1906*
Pogonomyrmex cunicularius Mayr, 1887*
Solenopsis quinquecuspis Forel, 1913*
Solenopsis interrupta Santschi, 1916*
Solenopsis parva Mayr, 1868*
Solenopsis sp.*

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+

-

CEI-17511
CEI-17512
CEI-17513
CEI-17514
CEI-17515
CEI-17516
CEI-17517
CEI-17518
CEI-17519
CEI-17520
CEI-17521
CEI-17522
CEI-17523
CEI-17524
CEI-17525
CEI-17526
CEI-17527
CEI-17528
CEI-17529

32 11

4

Species richness per forest type
Note: +: present, -: absent
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Table 2. Ant species collected in Ischigualasto Provincial Park,
San Juan, Argentina (and their assignation to functional groups)
and those species shared with other close studied areas: (I) Murúa
et al. 1999, (II) Garcia and Quirán 2002, (III) Fuster 2012 and
(IV) Claver et al. 2014
Subfamily
Species

Sites next to IPP
I
II III IV

Functional
groupa

Dolichoderinae
Dorymyrmex ensifer
Dorymyrmex exsanguis
Dorymyrmex planidens
Dorymyrmex wolffhuegeli
Forelius albiventris
Forelius chalybaeus
Forelius nigriventris
Forelius rufus

+
+
+
-

+
+
+
+
-

-

+
+
+
+
-

Hcs
Hcs
Hcs
Hcs
Hcs
Hcs
Hcs
Hcs

Dorylinae
Neivamyrmex diana

-

-

-

-

Aa

+
+

+
+

+
+

Op
Sc
Sc
Sc
Sc

Myrmicinae
Acromyrmex lobicornis
Acromyrmex striatus
Cephalotes bruchi
Cephalotes liogaster
Cephalotes quadratus
Crematogaster rochai
Crematogaster quadriformis
Cyphomyrmex rimosus
Kalathomyrmex emeryi
Pheidole aberrans
Pheidole bergi
Pheidole triconstricta
Pheidole vafra
Pogonomymex brevibarbis
Pogonomyrmex cunicularius
Solenopsis quinquecuspis
Solenopsis interrupta
Solenopsis parva
Solenopsis sp.

+
+
+
+
+
-

+
+
+
-

+
+
+
+
+
-

At
At
Ar
Ar
Ar
Ar
Gm
At
At
Gm
Gm
Gm
Gm
Hcs
Hcs
Gm
Gm
Gm
Cr

+
+
+
-

Table 3. Microhabitat used by each ant species in Prosopis spp.,
Ramorinoa girolae and Bulnesia retama forests of the
Ischigualasto Provincial Park, San Juan, Argentina
Forest type

Ant species

Microhabitat used

Prosopis
spp.

A. lobicornis
A. striatus

D. exsanguis
D. wolffhuegeli
F. albiventris
F. chalybaeus
F. nigriventris
F. rufus
K. emeryi
P. brevibarbis
P. cunicularius
P. bergi
P. aberrans
P. triconstricta
P. vafra
Solenopsis sp.
S. quinquecuspis
S. interrupta
S. parva

Branches, leaves, fruits
Seeds, under canopy (above
ground)
Trunk bark, under canopy
Trunk bark (galls)
Trunk, fallen trees
Fruits, flowers
Within canopy
Trunk bark
Trunk bark
Trunk bark
Trunk bark
No data
Dry riverbed
Trunk bark (galls), branches,
leaves, fruits, under canopy
Trunk bark (galls), branches,
leaves, fruits, under canopy
Within canopy
No data
Within canopy
Within canopy
Within canopy
No data
No data
Seeds in feces
Under canopy
Trunk bark, under canopy
No data
No data
No data
Trunk bark, under canopy
No data
No data
No data

R. girolae

A. lobicornis
A. striatus
B. patagonicus
C. mus
C. punctulatus
C. quadriformis
D. ensinfer
D. planidens
P. bergi
Solenopsis sp.
N. diana

Trunk bark, under canopy
Trunk bark, under canopy
Trunk bark
Trunk bark, under canopy
Trunk bark, under canopy
Trunk bark, under canopy
Trunk bark
Trunk bark
Under canopy
Under canopy
No data

B. retama

C. mus
C. punctulatus
D. ensinfer
D. planidens

Fruit, under canopy
Fruit, under canopy
Under canopy
Under canopy

B. patagonicus
C. blandus
C. mus
C. punctulatus
C. substitutus
C. bruchi
C. liogaster
C. quadratus
C. quadriformis
C. rochai
C. rimosus
D. ensinfer
D. planidens

Formicinae
Brachymyrmex patagonicus Camponotus blandus
Camponotus mus
+
Camponotus substitutus
+
Camponotus punctulatus
+

9
11
5
11
(19) (23) (16) (27)
Note: aFunctional groups: Sc, Subordinate camponotini; Gm,
Generalized myrmicines; Op, Opportunists; At, Attini; Hcs, Hot
climate specialists; Ar, Arboreals; Cr, Cryptics, and Aa, Army
ants. +: present, -: absent

835

Shared species (total spp.)
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Table 4. Generalized linear models to evaluate the microhabitats
used by ants in the Prosopis forests. aMicrohabitat “Trunk bark”
was included in the intercept. * p≤ 0.05
Microhabitats
a

(Intercept)
Branches
Dry riverbed
Fallen trees
Flowers
Fruits
Inter canopy
Leaves
Seeds
Trunk
Trunk bark galls
Under canopy

Estimate
2.0794
-0.9808
-2.0794
-2.0794
-2.0794
-0.6931
-0.4700
-0.9808
-1.3863
-2.0794
-1.3863
-0.1335

Standard
Error
0.3536
0.6770
1.0607
1.0607
1.0607
0.6124
0.5701
0.6770
0.7906
1.0607
0.7906
0.5175

Error

P

5.882
-1.449
-1.961
-1.961
-1.961
-1.132
-0.824
-1.449
-1.754
-1.961
-1.754
-0.258

4.06e-09*
0.1474
0.0499*
0.0499*
0.0499*
0.2577
0.4097
0.1474
0.0795
0.0499*
0.0795
0.7964

In Prosopis trees, ant species carried out several
activities in different plant structures and microhabitats
(Table 3). In these forests, the microhabitats with greater
richness of ant species were trunk barks with 8 species and
the area under the canopies with 7 species, respectively.
These microhabitats were significantly different from the
microhabitats with less ant species richness offered by
Prosopis’ trees as branches, fallen trees, flowers, trunks
and dry riverbed, with one species on each one (Table 4).
Camponotus species were the most commonly recorded on
these trees, and this genus was seen foraging on flowers
and galls or moving on flowers and branches in intercanopy and tree-shaded microhabitats. Dorymyrmex
species were recorded on secretions and exudations of
leaves and branches, collecting seeds and pieces of pods.
Forelius species were observed on bare soil under the tree
canopy (above the ground). Pogonomyrmex was observed
collecting seeds from faeces deposited on bare ground and
travelling in tree-shaded microhabitats (Table 3). In R.
girolae and B. retama trees, ants exhibited lower variety of
activities and less use of microhabitat (Table 3). The
microhabitats more used in R. girolae were trunk barks and
the area under canopies in B. retama (with 8 and 4 species,
respectively).
Discussion
Even though the area under study is a hyper-arid desert,
the overall species richness recorded in the native dryland
forests of the IPP is, to our knowledge, the highest found
for both the Monte Desert and Dry Chaco. Our study
expands the pioneering list by Murúa et al. (1999), who
found only 19 species on Prosopis spp. and B. retama trees
in the Ischigualasto Provincial Park and Use Multiple
Reserve of Valle Fértil, spite this later area has three times
more precipitation than that of the IPP (Márquez 1999).
Ant species richness is usually correlated with primary
productivity estimated on the basis of annual precipitation
(Davidson 1977), and IPP comprises a hyper-arid area with
scarce vegetation cover and low precipitation (Márquez et
al. 2005). In the Man and Biosphere Reserve of Ñacuñan
(province of Mendoza), a protected area of the central

plains and plateaus Monte Desert ecoregion, located 400
km southeaster from IPP and with three times more
precipitation, Claver et al. (2014) found 27 ant species in
an open forest of Prosopis flexuosa. Similarly, in the Sierra
de Las Quijadas National Park (province of San Luis), a
protected area located 300 km southern from IPP in the
ecotone between the plains and plateaus Monte Desert and
Dry Chaco ecoregions, with a higher precipitation and
vegetation cover than IPP, Garcia and Quirán (2002) found
only 23 species. On Prosopis ruscifolia (Grises.) trees in
the Dry Chaco (province of Santiago del Estero), 300 km
eastern form IPP and with a mean annual precipitation of
250-450 mm, Fuster (2012) found only 16 species.
Although more studies need to be carried out in order to
explain the high richness found in this hyper-arid area, the
combination of capture methods used in the present study
could explain this. Several authors suggest that using more
than one capture method has proved to be more useful in
order to obtain a more complete list of ant species (Lutinski
et al. 2013). However, ant species richness in the IPP is
within the reported range for other desert and semi-desert
areas of the world. For example, Rios-Casanova et al.
(2004) found 28 species in a deciduous tropical forest;
Bestelmeyer and Schooley (1999) found 39 species on a
site dominated by trees such as ironwood (Olneya tesota A.
Gray, Fabaceae) in the southern portion of the Sonoran
Desert; Rojas and Fragoso (2000) reported 32 species for a
site with shrubs and grassland in the Chihuahuan Desert,
and Morton (1993) reported 33 ant species for North
American arid shrubs.
The dominance of the subfamily Myrmicinae, followed
by Dolichoderinae, and the low representation of Dorylinae
are consistent with previous findings at nearby sites (Murúa
et al. 1999; Garcia and Quirán 2002; Fuster 2012; Claver et
al. 2014). The dominance of Myrmicinae is a consistent
pattern found in other arid and semiarid regions of the
world (Andersen and Yen 1992; Bestelmeyer and Schooley
1999; Rojas and Fragoso 2000; Ribas et al. 2003; RiosCasanova et al. 2004; Pérez-Sanchez et al. 2012).
Myrmicinae and Dolichoderinae have more mutualistic
associations with plants (Brown 1973). The fact that N.
diana was found in R. girolae trees agrees with Rojas and
Fragoso (2000), who mention that this subfamily contains
species usually associated with forests. Though, we cannot
reach an actual conclusion since only one individual of this
species was found.
Despite the sampling being concentrated on the trees,
the most relevant functional group was that of hot-climate
specialists with 10 species. This functional group comprise
well
arid-adapted
species
with
morphological,
physiological and behavioural specializations (sensu
Andersen 1995). These characteristics allow them to
withstand high temperatures and low humidity, and to use
open environments with scarce or low vegetation cover,
which they even use to build their nests (Cuezzo 1999).
This finding highlights the ability of this group to use also
highly shaded forest habitats. For example, Dorymyrmex
species were observed both under and within the canopy of
the three types of forests, whereas Pogonomyrmex species
were observed collecting seeds from faeces lying on bare
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soil as in Vélez et al. (2015) and moving in tree-shaded
microhabitats. These species have been also characterized
as thermophilics by Bestelmeyer (2000) and as keystone
seed dispersers of myrmecochorous plants by ArandaRickert and Fracchia (2012). Truly arboreal ant species
belonging to the genus Cephalotes was only found on
Prosopis spp. trees. The low presence of exclusive arboreal
species is consistent with the common trend observed in
arid areas (Andersen and Yen 1992).
On the other hand, cryptic, army ant, and opportunistic
species were the least represented groups. Cryptic and
army ants were scarce likely because they have highly
specific habitat requirements (e.g. a deeper litter layer) and
they are infrequently found in arid lands (Rojas and
Fragoso 2000; Hoffmann and Andersen 2003). This would
explain why only one worker of the predator army ants N.
diana, occurred in our study site. Army ant genera occur in
regions of northern Argentina with higher annual
precipitation, and consequently higher biomass and litter
cover (Fuster 2012), with the only exception of the
Neyvamyrmex genera that reaches higher latitudes.
Interestingly, this finding represents the southernmost
record known at present for N. diana. Curiously, the dark
rover ant, Brachymyrmex patagonicus, considered
opportunistic in its native range in the Neotropic, is a
dominant species in the Gulf Coast region of the United
States, where it has been introduced (MacGown et al.
2007).
Only two species of leaf-cutter ants (Attini functional
group) were found in Prosopis spp. and R. girolae forests.
They were observed using branches, leaves, fruits and
seeds of Prosopis and moving them under their canopy;
whereas in R. girolae forest, they were only observed on
the trunk bark and under its canopy. The species of the
Attini group are epigaeic ants that use plant matter and
detritus to cultivate fungus (Bestelmeyer and Schooley
1999). Leaf cutting ants cut plant parts that they use as
substrate for the fungus they cultivate and have been shown
to contribute to seed dispersal of certain forest species
(Silva et al. 2007).
Prosopis spp. trees harbour the highest number of ant
species. These trees have a broad and densely branched
canopy with long thorns, extrafloral nectaries, and galls
like other Prosopis species (Burkart 1952). R. girolae and
B. retama trees are structurally simpler than Prosopis
species, both of them are thornless, whereas R. girolae is
aphyllous (Hadad et al. 2014) and B. retama is almost
aphyllous (Palacios and Hunziker 1984), and up today, we
have never seen galls on either species (S. Giannoni and E.
Amatta, pers. obs.). The low richness of B. retama could be
explained by the fact that it is smaller than the other two
tree species, and also by the fact that it has the simplest
structure. For example, a sparsely developed bark, and as it
is a tree strongly adapted to xeric conditions, a less
developed leaf litter layer which makes it harbor less
vegetation under its canopy providing only scarce
microhabitats to ants. The highest ant richness found in the
Prosopis spp. forest could be due to this tree higher leaf
density, or canopy complexity, as it was also found in other
desert forests (Vasconcelos et al. 2008).
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In summary, 33 ant species belonging to 13 genera
were recorded in the three types of forests, with Prosopis
spp. having the highest species richness. Twenty-four
species represent new records for the province of San Juan,
17 species represent new records for the Monte Desert and
Dry Chaco ecoregions, and 30 new species for the IPP. Our
study contributes to a better knowledge of ant species
inhabiting forests in drylands of central-western Argentina
and alert about the importance to preserve Prosopis spp.
forests, which harboured most ant diversity.
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Abstract. Imang N, Rujehan, Duakaju NN. 2018. Assessment of daleh swidden agriculture as an innovative alternative to conventional
swidden under conditions of external pressure on local forest management in Kalimantan, Indonesia. Biodiversitas 19: 840-848.
Swidden agriculture is still an important livelihood for millions of people in the tropics. In Kalimantan Island of Indonesia, swidden
agriculture is currently facing many external pressures such as massive expansion of oil palm plantations, concession for industrial
plantations, and non-availability of financial and political support from the government. The above external pressures which ignore local
wisdom in forest and land management have reduced the land available for swidden agriculture. The external pressures, in turn, have
shortened the cycle of swidden agriculture and decreased the productivity of swidden agriculture. The objectives of the present study are
to assess socio-cultural and economic aspects of the innovative daleh agriculture as an alternative to conventional swidden agriculture
under these conditions. The study was conducted in an indigenous Bahau Dayak community of East Kalimantan, Indonesia. Twenty
swiddeners and 6 other key informants were interviewed for data collection. Research findings confirm that the expansion of oil palm
plantations has ignored the wisdom in forest and land management, in general, and caused pressure on swidden agriculture, in particular.
Under such pressures, daleh swidden agriculture may be effectively practiced because it can increase land productivity and is also culturally
acceptable. Further, financial and facilitation support from district government is needed to improve the practice of swidden agriculture in the
study area.
Keywords: Daleh swidden agriculture, Dayak people, Kalimantan

INTRODUCTION
Swidden agriculture or shifting cultivation, locally
called ladang, is one of the traditional practices of forest
and land management by people in the tropics and is
suitable to social typology in which there is a high
interdependence between people and the environment
(Dove 1993; Colfer et al. 1997; Inoue 2000). Furthermore,
Sardjono (1990) maintains that traditional forms of
swidden agriculture reflect an optimum interrelation
between the strategy to serve human needs and efforts to
maintain ecological balance in tropical regions. These
practices can be further improved through agroforestry
technologies to adapt to local socio-economic dynamics
and environmental changes. Conceptually, swidden
agriculture has a close relationship with social forestry.
Pasaribu (2007), Sardjono (2007), and Inoue and Kawai
(2013) define social forestry as any conditions and efforts
which intimately involve local people in forestry activities
to ensure economic, ecological and social benefits, and
simultaneously sustain the resources.
Dove (1988) and Inoue (1999) point out that the term
‘shifting cultivation' is often taken to mean that the people
are themselves ‘shifting' or semi-nomadic, even though
most of them live in relatively permanent settlements. In
fact, people use fire and fallow their field after harvest. The

field, once set on fire, is called ‘swidden’. So, ‘swidden
agriculture’ is preferable to commonly used term ‘shifting
cultivation’.
Swidden agriculture is estimated to support 300-500
million people worldwide, covering about 30% of
exploitable land for agricultural activities. In the Asia
Pacific, swidden covers an area of 73 million hectares and,
in Indonesia, it involves 35 million hectares of land and
about 2.2 million cultivators (Mubyarto 1991).
Several scholars have studied swidden agriculture as
practiced by the Kenyah Dayak people of East Kalimantan
(Jessup 1992; Colfer et al. 1997; Sindju 2003). Inoue and
Lahjie (1990) tried to develop models for the sustainability
of Kenyah agricultural systems, including ladang. Sindju
(2003), in a comparative study of ladang practiced by the
Kenyah of West Kalimantan, Indonesia and the Kenyah of
Sarawak, Malaysia, has qualitatively described the
technological aspects of the practice.
Inoue (1999) categorized swidden agriculture in term of
its sustainability as follows: (i) traditional swidden
agriculture-sustainable swidden agriculture practiced by
indigenous people, (ii) transitional (quasi-traditional)
swidden agriculture-practiced by indigenous people,
originating from both recurrent and pioneer types, but not
so sustainable because of short fallow period, and (iii) nontraditional swidden agriculture-unsustainable slash and
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burn agriculture, often with cash crops, usually practiced
by newcomers to village.
Though Swidden continue to play an important role in
rural areas as indicated by the fact that around 65% of
Mahakam Ulu people are still practicing swidden (BPS
Mahakam Ulu 2016), the income from swidden agriculture
was as low as Rp. 5-8 million (USD 385 – 615) for one
hectare (Pannalo 2015; Wijayanti 2016). Besides the low
economic returns, conventional swidden agriculture is also
under external pressures, such as expansion of oil palm
cultivation, coal mining and industrial forests (Hutan
Tanaman Industri = HTI) which reduce the extent of
potential land available for swidden agriculture. Under
these conditions, an innovative alternative to traditional
swidden agriculture is desirable which is economically
more productive and culturally more acceptable to local
community.
The Dayak people have practiced swidden agriculture
from many generations for subsistence and the indigenous
Bahau Dayak have recently developed the practice of daleh
swidden agriculture. Imang et al. (2004a) described that
daleh is a concept initiated by the local Bahau Dayak in
Matalibaq as the response to the disadvantages of
conventional swidden and is culturally and economically
more acceptable to people. In the present study, we have
assessed the potential of this recently emerged practice of
daleh agriculture as an alternative to the conventional
swidden agriculture.
The specific objectives of the study are (i) to assess the
traditional practices of land management under external
and internal pressures on forest and land, (ii) to explore and
compare the practices of conventional and daleh swidden
agriculture and the associated problems, (iii) to assess
socio-cultural and economic aspects of daleh swidden
agriculture responsible for its successful implementation
and cultural acceptance by the swiddeners, particularly the
Dayak people.
MATERIALS AND METHODS
The present study was conducted in Matalibaq village,
Long Hubung Sub-district, West Kutai District, East
Kalimantan, Indonesia from July to August 2017. Data was
gathered from indigenous Bahau Dayak community who
lived here for over hundreds of years. The reasons behind
choosing this village are: i) it has a long history of
protecting and managing primary forest based on the
cultural wisdom, ii) it has innovative local knowledge
pertaining to the practice of more productive swidden
agriculture, and iii) recently the village is facing the
pressures of activities like oil palm plantation expansion,
massive Industrial Forest expansion, and other types of
forest and land degradation.
Data and information were collected through in-depth
interviews with Customary Chief (Kepala Adat), Village
Chief (Petinggi), former customary chief, five village
elders and 20 swiddeners. Data and information collected
pertain to the traditional wisdom and concept of managing
forest and land, the concept and practices of conventional
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and daleh swidden system, their merits and demerits,
threats and constraints and benefits involved.
RESULTS AND DISCUSSION
Traditional knowledge-based forest and land
management
Matalibaq village territory covers an area of 88,000 km2
which was originally dominated by excellent primary
forest. In order to protect the forest for sustainable local
benefits, the available forest and land were allocated in 10
zones based on the availability of resources and sociocultural considerations. The forest and land zonations are
as follows: (i) Tana’ Umaq’, land for settlement; (ii) Tana’
Lumaq, areas for swidden agriculture, perennial and annual
crops; (iii) Tana’ Lepu’un Luma’, the former swidden area
that planted with fruits, in which the fruits are considered
the proof of individual ownership; (iv) Tana’ Bio’, forested
customary land in which the customary head implemented
strict rules so that nobody can utilize the forest area for any
purpose; (v) Tana’ Patai (kale’), space for cemetery; (vi)
Tana’ Berahan or Belahan, forested area for extraction of
forest products such as timber for self consumption and for
sale, hunting ground and fishing area; (vii) Tana’ Mawa’
protected forest area for collecting high value forest
products such as resin, rattan, honey, timber for housing
and boat making, eagle wood (gaharu)and forest fruits;
(viii) Tana’ Ang/Hang, the boundary area between adjacent
villages wherein its utilization must be according to the
agreement among bordering villages; (ix) Tana’ Pukung, a
protected forest area which is abundant in forest fruits for
wild animals' as food; (x) Tana’ Kaso, primary forest
specially allocated for hunting because it is habitat for
many wild animals such as wild pigs, deers and monkeys.
People are strictly prohibited from disturbing the area that
is allocated for breeding of wild animals because wild
animal hunting is also a way of life of the community.
Such traditional land zonations persisted until external
influences such as establishment of a logging company in
1992 and small-scale logging from 1999 to 2001 started
affecting the village (Imang et al. 2004a). Such degradation
activities have damaged forests outside the agricultural
zone (tana’ lumaq). The most massive forest and land
degradation were caused by the land clearing for oil palm
plantations taking place since 2014, covering around 6,000
hectares of land including primary forest area marked for
hunting and fishing, without respecting the land zonation
system followed traditionally by the villagers. Due to such
destructive activities, some of the forest and land zones,
such as those allocated for hunting and agricultural areas,
have already been converted into oil palm plantations.
Consequently, these activities have negatively impacted the
practice of swidden agriculture. The most significant
impact was a decrease in the land available for agriculture
in general and swidden agriculture, in particular. This, in
turn, shortened the cycle of conventional swidden
agriculture. Under such a situation, the Bahau Dayak
community of Matalibaq developed the concept of daleh
swidden agriculture.
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Figure 1. Map of the research site in Matalibaq village, West Kutai District, East Kalimantan, Indonesia

The practice of conventional swidden agriculture
Even though the practice of swidden agriculture is
almost similar across countries, the local term in each
country is different, e.g., tsheri or pangshingtsheri in
Bhutan, milpa or tlacolol in Guatemala, Kaingin in
Philippines, taungya in Thailand, si Nda Bot in Cameroon
and in Indonesia, it is popularly known as ladang
(Upadhyay 1995; Imang et al. 2004a). The local term for
swidden agriculture in the research site of the present study
is lumaq.
According to Imang (2004), the Kenyah Dayak people
open new ladang through 9 stages. However, the Bahau
Dayak people of Matalibaq village open their swidden
agriculture commonly through 8 stages which are as
follows: (i) slash the shrubs and small trees; (ii) cut down
the big trees, which is usually a male-task because its risky
for female; (iii) chop the fallen trunk for faster drying and
proper burning; (iv) burn the vegetation which not only
clears the ground for planting, but also releases nutrients

from the biomass to increase the soil fertility; (v) planting
preparation by removing the twigs; (vi) planting which is
usually initiated by the Customary Chief (Kepala Adat)
through a ritual ceremony to decide the most appropriate
day for planting. Otherwise, the villagers believe that the
harvests may not be good. This is an important stage of
swidden in which the farmers gather and work together to
plant one’s swidden area in a labor exchange manner
characterized by direct parity reciprocity; (vii) weeding,
(viii) harvesting, like at planting stage, harvesting also a
very joyful stage because the farmers will harvest together
of 10 to 20 farmers and even more.
Swidden agriculture is still playing an important
economic role in the study area. It is observed that more
than 90% of the 156 households of the village are still
practicing swidden agriculture. Each farmer has around 4-7
plots of land and the location of these plots are spread out
with the distance between plots varying from 2 to 6
kilometers. The average size of the plots is 1.10 hectares
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and the mode of access to the plot or swidden field is either
by foot/walk or by boat, and some farmers have recently
started accessing the plots by motorbikes.
Productivity of swidden agriculture varies widely over
the years, depending on the weather, rainfall, pests, and
diseases. The average productivity per hectare in the study
area in February 2017 was 1,475 kg. The farmers feel that
productivity was a bit lower than that of previous year of
2015 because of prolonged drought. Further, this
productivity is lower than the swidden productivity of 1700
kg obtained in Pampang village which is around 650 km
away from Matalibaq (Panalo 2015) and of Miau Baru
village where it was 1,900 kg per hectare (Wijayanti 2016).
The farmers start swidden cultivation by clearing land
in a randomly chosen location or plot, depending on how
long the plot of land has been previously fallowed. The
swidden plot for year-2 is located in the opposite direction
away from swidden plot of year1 and the plots for
subsequent years are selected in different locations.
Consequently, the crops grown in previous years are
mostly abandoned after moving to a new location for land
clearing, for next years swidden. Farmers stay temporarily
for 6 to12 months in one location, before moving to
another location.
The more land a farmer has, the longer the swidden
cycle and fallow period. Each plot of land is cleared in a
rotation every year. The rotation of swidden locations is a
strategy to allow the soil to regain its fertility through
accumulation of biomass. The farmers have learnt by
experience that the longer the swidden cycle, more fertile
the soil becomes. The biomass from leaves and
decomposed trees will be released to soil after it is burnt
properly. This is in line with Weinstock and Sunito (1998)
who mentioned that swidden agriculture is characterized by
rotation of land rather than crops, or a rotational agriculture
with a fallow period longer than the period of cultivation.
Farmers, through their experience, know that the rice
planted in properly burnt area better growth compared to
the rice planted in improperly burnt area. Properly burnt
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according to farmers is when leaves, twigs and small
branches are completely burnt so that soil looks black.
Therefore, during land clearing, farmers prefer felling trees
towards inside of the swidden area instead of outside. This
is also a strategy to prevent spreading of the fire to nearby
forest areas during the burning of the swidden land.
The practices of daleh swidden agriculture
The cultural background of the daleh swidden is gotong
royong, the cultural-spirit of 10 to 50 even more farmers
working together in the swidden field of a farmer, usually
in the stages of planting or harvesting. The labor exchange
in gotong royong is characterized by direct parity
reciprocity. Though the spirit of daleh can be practiced at
any of the stages of swidden agriculture starting from
slashing to harvesting, but the stages of planting and
harvesting are the most suitable stages for gotong-royong.
The concept and steps of daleh swidden agriculture are
as follows: (i) Daleh system consists of adjacent agriculture
fields belonging to at least 4 households that are bordering
each other, forming a cluster so that they can help each
other whenever needed (Figure 3). (ii) Each household or
farmer of the cluster should have at least one hectare of
land, so that it can be divided into 4 plots, each measuring
0.25 hectares or more. One plot is cleared every year
during the swidden cycle of 4 years (Figure 4). (iii) The
huts or shelters of the all the minimum 4 swidden group
members are located in the center of their swidden field in
a proper location so that they can raise pig, chicken or
fishes surrounding their huts. When any swidden group
member leaves the swidden field for overnight stay at
village/home, other group members take care of his/her
pigs or chickens and protect them from predators. Pigs and
chickens have played a very important socio-cultural role
in the life of Bahau Dayak people for hundreds of years.
They offer pigs and chickens as sacrifices in every village
ceremony. Manure of this livestock used as fertilizer for
farming. On the other hand, domestic and agricultural
wastes/bye products are used to feed them.

Figure 2. Utilization of land plots during different years in conventional swidden agriculture
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Table 1. Practices of conventional swidden agriculture of a 6-year cycle in the study area.
Year

Activities

Harvested products

1

Open swidden agriculture and grow rice, build a small hut/shelter, grow some
vegetables and annual crops such as cacao, rubber or pepper.
Open swidden agriculture in another place/plot, develop new hut again and
other supporting facilities, growing vegetables, cacao, rubber or pepper. But,
they abandon crops planted in year-1.
Open swidden agriculture in another place/plot, develop new hut again and
other supporting facilities, grow vegetables, cacao, rubber or pepper. But, they
abandon the crops planted in year-2.
Open swidden agriculture in another place/plot, develop new hut again and
other supporting facilities, grow vegetables, cacao, rubber or pepper. But, they
abandon the crops planted in year-3.
Open swidden agriculture in another place, develop new hut again and other
supporting facilities, grow vegetables, cacao, rubber or pepper.

Rice, corn, and vegetables.

2

3

4

5

6

Open swidden agriculture in another place, develop new hut again and other
supporting facilities, grow vegetables, cacao, rubber or pepper.

7

Return to the plot of year-1, and start all steps of swidden from the beginning.
The crops they planted in previous years not grow well because they
abandoned.

Rice, corn, vegetables.

Rice, corn, vegetables.

Rice, corn, vegetables.

Harvest rice, corn, vegetables. Cacao,
rubber or pepper not harvested because
they were abandoned
Harvest rice, corn, vegetables. Cacao,
rubber or pepper not harvested because
they were not maintained well.
Cacao, rubber or pepper not harvested
because they were not maintained well.

Table 2. The disadvantages of conventional swidden agriculture as observed in the study area
Disadvantages
1.
2.
3.
4.

5.
6.

Swiddeners have to construct a new hut or shelter each time they open a new swidden which requires time and resources, both
physical and financial.
Opening new swidden in another place results in increase of inputs because all of the previous years activities are repeated.
Cacao, rubber, pepper or other crops are grown in the previous years are less productive or even not productive at all because of
improper maintenance, crop damage by pests, diseases and weeds.
Swiddeners cannot raise livestock such as pig, poultry, and others in swidden land (surrounding the hut) because they move to
another place every year. The location of individual swidden is mostly away from neighbors’ swidden, and most of the swiddeners
will return home in the evening and return to swidden field in the next morning. Therefore, their livestock and poultry may be
attacked by predators such as panther and weasel when farmer stays overnight away from huts.
There is no availability of organic manures from livestock for rice and crops, and farmers are left to depend only on the existing
insufficient of natural soil fertility.
In some cases, the long-abandoned former or ex-swidden areas of one farmer may be overlapping with the plots of other farmers
or encroached by other farmers.

Figure 3. A cluster of daleh swidden agriculture consisting of
four farmers

Firstly, the farmer divided the land into some smaller
plots. The number of plot depends on the size of land or
depending on how large of land can be cleared by farmer,
usually 4-6 plots. In this part, we use a case of 6 plots,
while in Table 3 below is a case of 4 plots. Secondly,
farmer will clear one plot every year from year-1 to year-6
in the same way and also similar crops. (i) In the first year,
the swiddener cleared plot-1 and grew rice, corn,
cucumber, vegetables at the same time. After six months,
the rice could be ready to harvest. After the 0.25 ha of
swidden already harvested, the swiddener can grow cacao,
rubber, vegetables in former of the swidden field. (ii) In the
second year, it is the turn for the second plot or plot-2 to
clear for swidden in the same way and similar crops with
the plot-1 in year-1. At the same time, the swiddener can
maintain the crops he/she planted in the previous year so
that the crops grow well. (iii) In the next year-3 and year-4,
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the swiddener also repeat the same ways as in the previous
years until all of the 4 plots completed to clear for rice and
other crops. In year-4, the one-hectare of land is already
planted with some annual and perennial crops, and ready to
harvest. (iv) In year-5, the swiddener can move to other
nearby area to open new swidden while also maintaining
the crops in the previous years and raising livestock. Cacao
and rubber or other crops are ready to harvest in year-5 or
year-6.
Figure 4 shows the details of how a farmer allocates
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his/her land during daleh swidden agriculture. The hut or
shelter is built only once in the first year. They also build
other facilities like cages to raise livestock either in year 1
or year 2. These huts and cages built once last for more
than 5 years because of which farmers save time, labor, and
economic and material resources otherwise spent every
year for these works. Further details such as the pattern of
plot clearing, crops grown, animals raised and products
harvested in the practice of daleh swidden agriculture are
shown in Table 3.

Figure 4. Details of utilization of one-hectare land in daleh swidden agriculture practice
Table 3. Practices of daleh swidden system in 4 plots of land
Year

Daleh swidden agriculture practices

Harvested products

1

Plot-1 is cleared for swidden to grow rice, corn, and vegetables at the same
time. Swiddener also builds a proper hut/shelter. While waiting for the
harvest of rice, swiddener prepares cage for pig and poultry. After rice
harvesting, the farmer grows rubber, cacao and/or other annual and perennial
crops in the former swidden field Just after the rice is harvested.
Plot-2 is cleared to grow rice, cucumber, corn, vegetables at the same time.
No need to build a new hut/shelter. Swiddener continues to raise pig and
poultry or fish pond. After rice harvesting, the farmer grows rubber, cacao
and/or other annual and perennial crops in the former swidden field.
Plot-3 is cleared for swidden to grow rice, corn, and vegetables at the same
time. Swiddener also builds a proper hut/shelter in the year-1. While waiting
for the rice to harvest, swiddener prepares cage for pig and poultry. After rice
harvesting, the farmer grows rubber, cacao and or other annual and perennial
crops in the former swidden field after rice is harvested..
Plot-4 is cleared for swidden and after rice harvesting, swiddener grow
cacao, rubber or pepper or other annual and perennial crops. In parallel, the
swiddener also maintain crops they planted in plot-1 to 3.

Rice, corn, cucumber, vegetables, chicken.

2

3

4

5

Open new swidden outside the previous area and repeat the same activities.
Farmers also benefit from the pig and poultry, they can use waste to feed the
livestock, and conversely, the livestock provide manure/fertilizers for crops.
This is an integrated farm that also acceptable to socio-cultural of the
swiddeners.

Rice, corn, cucumber, vegetables, chicken,
pig, fishes. In parallel, they can also
maintain crops planted in previous years,
and raise livestock such as chicken or pig.
Harvest rice, corn, vegetables, chicken, pig,
fishes. In parallel they can also maintain
crops they planted in previous years, and
raise livestock such as chicken.
Harvest rice, corn, cucumber, vegetables,
chicken, pig, fishes. In parallel, they can
also maintain crops they planted in previous
years, and keep to raise livestock
Cacao and rubber they planted in year-1
plot-1 ready to for harvest, while they also
maintain the crops they planted in year-2 to
year-4. They also benefit from the
livestock.
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Economic comparison between conventional and daleh
swidden agriculture
Table 4 summarizes the economic comparison between
conventional and daleh agriculture in terms of the various
activities involved and products harvested. It is evident
from the table that both systems have the same activities
such as growing (G), maintaining (M) and harvesting
products (P) such as rice, corn, and vegetables.
The differences are observed from second year onwards,
the notable ones are: (i) The crops grown in previous years,
excluding rice, are maintained in daleh system because the
subsequent years plots are close to the first year’s plot.
However, they are abandoned or neglected in conventional
swidden agriculture due to the distance between first year’s
plot and subsequent years plots. (ii) In conventional
swidden agriculture, farmers do not build cages or facilities
to raise chicken/poultry or pig and other livestocks because
they live at the swidden site only for about 6 months to a
year. After harvesting rice, they move to another swidden

plot located far away from the first one. But in daleh,
livestock is maintained as they live in the same location
throughout the swidden cycle.
As mentioned above, the daleh swidden is a multi-product
agricultural system as it involves mutual symbiosis
between different elements such as rice, crops (cacao,
rubber, pepper), livestock and fish. In this system, products
or bye products of one element supports or sustains the
other elements and this enhances the overall productivity of
the whole system. For example, the waste products
resulting from rice cultivation is utilized to feed poultry
and pig, while the manure of poultry and pig is used as
organic fertilizer for crops. The central element of daleh
system is the farmer and his/her family who control and
maintain all elements, and at the same time, get multiple
benefits from rice, other crops, and livestock. Figure 5
shows the multifarious interactions among the different
elements of a daleh swidden agriculture system.

Table 4. Economic comparison between conventional swidden and daleh swidden systems of agriculture
Conventional swidden
Daleh swidden system
Year
Year
1
2
3
4
5
1
2
3
4
5
6
Rice
GMP
GMP
GMP
GMP
GMP
GMP
GMP
GMP
GMP
GMP
GMP
Rubber
GM
A
A
A
APGM
GM
GM
GM
GMP
GMP
Cacao
GM
A
A
A
APGM
GM
GM
GM
GM
GMP
Banana
GM
PPPPGM
MP
MP
MP
MP
MP
Chicken
GMP
0
0
0
0
GMP
GMP
GMP
GMP
GMP
GMP
Pig
0
0
0
0
0
GM
GMP
GMP
GMP
GMP
GMP
Vegetables
GMP
GMP
0
0
0
GMP
GMP
GMP
GMP
GMP
GMP
Manure
0
0
0
0
0
P
P
P
P
P
P
Note: G: Grow/ raise livestock and/or poultry, M: Maintain the crops, A: Abandoned/not properly maintained, P: Production of crops, or
manure of livestock, P-: Production but less, F: Fail, no production because the crops are abandoned, O: No agricultural activity/no
raising of livestock
Crops

Figure 5. Interactions between different elements in a daleh swidden agriculture system
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Table 5. Constraints and threats to swidden agriculture in the study area
No

Constraints/ threats

Remarks

1

Expansion of oil palm plantations and Industrial Forests (HTI)
that caused the conversion of agricultural lands to commercial
plantations

Some of the fertile land zones such as Tana' berahan,
Tana' Kaso dan and Tana’ Mawa’ have been converted
to oil palm plantations and man-made tree forests (HTI).

2

The division of land into smaller plots so that it is more difficult
to practice daleh swidden agriculture.

3

The decreasing interest of young generation towards farm work
because of reasons such as hard manual labor involved, low
income which is insufficient to fulfill their daily needs of
subsistence and monetary requirement, uncertain market for
agricultural products, etc.
Technological innovations in the area of swidden agriculture are
lacking when compared to wet rice cultivation. Therefore, all
stages of swidden activities are done manually which is also a
reason for its low productivity.
There are no schemes of financial support to develop swidden
agriculture compared to wetland rice which gets financial
support for development
The emerging negative perception about swidden farmers who
clear land using fire which is also blamed as a cause for forest
fire.

A cluster of daleh system needs at least 4 to 6 hectares
of land for its effective practice and a sufficient land
fallow.
Panalo (2016) found that average output of one hectare
of swidden agriculture is Rp. 8.6 million. It means that
the average income for one month is Rp. 1.1 million

4

5

6

Threats to swidden agriculture
The basic principle of shifting cultivation or swidden
agriculture is the availability of sufficient time gap for the
fallowed lands to regain their natural fertility, between
successive swidden cycles. The usual duration of one cycle
varies from 5 to 10 years, depending on the fertility of the
land/soil and other considerations of the farmers. This
implies that a farmer should have at least 5 plots of
swidden land to maintain this cycle by allowing enough
time for the soil to become fertile after one swidden
cultivation.
However, the expansion of oil palm plantation has
decreased the availability of suitable land for swidden
agriculture. The narrower the extent of land available for
swidden, shorter the swidden cycle becomes. Shortening of
swidden cycle to less than 5 years, in turn, decreases land
productivity because of insufficient nutrients in soil. This is
one of the major threats to the continued practice of
swidden agriculture, particularly in the study area. There
are also other threats and constraints to swidden agriculture
in general which are summarized in Table 5.
Conclusion
The introduction and expansion of oil palm plantations,
logging and industrial planted forests (HTI) in the village
territory ignored and did not recognize the traditional
wisdom of forest and land management. These activities
were granted concession by Provincial and District
Government and Customary Institutions are not strong
enough to protect their lands that are taken over by

The remote location of the swidden agriculture also a
constraint for agricultural officers to develop
agricultural activities.
Financial support provided to wetland rice, whereas
farmers preference is towards swidden agriculture.
There is a West Kutai District Regulation (Peraturan
Daerah = PERDA) prohibiting the use of fire for land
clearing. In this case, government did not consider the
wisdom and culture of swidden agriculture.

concessions such as oil palm or industrial forest. Swidden
agriculture still plays an important role in the economic life
of the community because more than 90% of the
households still actively practicing swidden agriculture
every year, despite its disadvantages. The pressures and
threats to the continued existence of conventional swidden
agriculture have necessitated an innovative alternative
swidden method which can improve land productivity and
generate better income for farmers. The daleh swidden
agriculture, which is integrated swidden farming
combining the traditional swidden agriculture with
livestock and other crops in one plot, has the potential to
become such an alternative because it improves land
productivity, increases return to farmers, and more
importantly, it is culturally acceptable to the community.
Unfortunately, District Government is not providing any
financial assistance and agri-technological support to
organize farmers for practicing more productive swidden
agriculture.
In order to protect the agriculturally potential land for
the purpose of swidden, the government should recognize
the local wisdom on forest and land management and
should consider providing financial and facilitation support
for the practice and improvisation of both conventional and
daleh systems. Besides the economic benefits of swidden
agriculture, the Bahau community also of the opinion that
the daleh swidden agriculture may also become an
“agricultural tourism object” in the future, particularly at its
two most important stages of planting and harvesting.
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Abstract. Manik H, Yurmiaty H, Asmara IY, Handarto, Iskandar J, Partasasmita R. 2018. Wattled Brushturkey hunting system in the
Sigim and Sinaitousi communities in the buffer zone of the Arfak Mountain Nature Reserve, West Papua, Indonesia. Biodiversitas 19:
849-856. Illegal hunting is still the cause of the decline of wildlife populations in nature. This is particularly the case with protected
wildlife and endemic species, such as the Wattled Brushturkey in Palau West Papuan. Thus, research needs to be done on the hunting
system at the site. The aim of this research was to know Wattled Brushturkey (Aepypodius arfakianus) hunting system by Sigim and
Sinaitousi villagers, Arfak Mountains of West Papua. The research used descriptive method with field observation technique and semistructured interviews. The results showed that the main purpose of hunting Wattled Brushturkey conducted by the Sigim and Sinaitousi
communities is to consume the meat, while a part of egg hunting is for sale. The hunting by the two villagers was generally done in
groups. The frequency of hunting depends on needs and demand. Hunting is done using snares, dogs, and combinations of snares and
dogs. The tools used are snares, machetes, air rifles, arrows nad bows. The modern tools such as gun have been used in both villages.
The hunting of Wattled Brushturkey begins in the morning and continues until late afternoon. The location of hunting is usually primary
forest, secondary forest of former garden and river basin.
Keywords: Hunting system, Wattled Brushturkey, West Papua, Sigim, Sinaitousi

INTRODUCTION
Indonesia is rich in biodiversity including wildlife, one
of natural resources that have very important benefits for
local people living around the forest (Awak et al. 2015).
Historically, most local or ethnic communities in the world,
including in Indonesia, have a close relationship with
wildlife (Iskandar 2012). The uses of various types of
wildlife including mollusks, fish, amphibians, reptiles,
birds, and mammals have important functions, especially
socio-economic and cultural values (Alves 2012;
Partasasmita et al. 2016; Iskandar et al. 2016).
Hunting and collecting wildlife in the Papua region,
especially for those living adjacent to forests, are important
aspects of life in rural communities because those activities
are their way of life (Pattiselanno 2006). They hunt because
they have limited access to animal protein from domestic
livestock, so that wildlife is the source of food for them.
The hunted animals by local Papuans that have been
reported were, among others, deer (Cervus timorensis)
(Murwanto et al. 2008), long snout hedgehog (Zaglossus
bruijnii) (Crew et al. 2015), and cuscus (Phalanger spp.)
(Pattiselanno 2006: Pattiselanno and Koibur 2008).

The wildlife hunted by local communities generally
varies depending on the species of animals that live around
the forest surrounding the residential area. According to
Pattiselanno (2006), in addition to terrestrial mammals,
birds are the most often hunted animals in Papua. One
species of bird in Papua that has long been exploited by the
local community is Wattled Brushturkey (Aepypodius
arfakianus Salvadori, 1877) belonging to megapode bird
and is registered as the Indonesian bird (Sukmantoro et al.
2007). Megapode birds are unique animals, for example in
breeding. One of the megapodes, i.e., Maleo, lays eggs
which are not hatched by the parent birds, but are placed on
a pile of leaf litter whose source of heat comes from
microbial decomposition (Dekker et al. 2000).
The Arfak Mountains Nature Reserve area (CAPA) is
the habitat of the Wattled Brushturkey where they live and
breed naturally. High mountains with steep topography and
dense primary forests with thick foliage are the preferred
area of Wattled Brushturkey (Behler et al. 2001;
Kartikasari et al. 2012). Villagers of Sigim and Sinaitousi
are indigenous Papuans living in CAPA buffer zones, who
have long used megapode birds as a source of food and
family income for generations. The high demand is
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inseparable from food needs of wildlife origin, especially
because the size of meat and eggs Maleo are relatively
large (Manik et al. 2015). To maintain the Wattled
Brushturkey population in the area, it is necessary to apply
good management for business efforts to utilize it.
To maintain the sustainability of nature and to meet the
needs of life and welfare of the community around the area
of the habitat of the animals, conservation measures are
required. The conservation program developed should take
into consideration the aspect of utilization that has been
going on for generations, namely the socioeconomic
aspects of this bird species. Utilization of Wattled
Brushturkey by local indigenous Papuans in the CAPA
Region especially the hunting system has not been recorded
well. So, this research on hunting system in the community
of Village (Kampung) Sigim and Sinaitousi is necessary.
MATERIALS AND METHODS
Site location
The study was conducted in Sigim Village located at
the coordinates of 133051'11 "E, 108'48" S and in
Sinaitousi Village at coordinates 133051'32 "E, 108'10" S,
in the Sub-district of Minyambou, the District of Arfak
Mountains, West Papua Province, Indonesia. It is the buffer
zone of the Arfak Mountains Nature Reserve (CAPA) with

an area of 68,325 hectares, located in the territory of the
Bird's Head of West Papua Province. Sigim Village and
Sinatousi can be reached using a special four-wheeled
vehicle for 2.5 hours (± 70 km) from Manokwari city of
West Papua Province or for 1.5 hours (± 30 km) from the
Anggi capital of the Mountain Sub-district Arfak. The
location of research in Sigim Village and Sinaitousi can be
seen in Figure 1.
Procedure
This study used a combination of qualitative and
quantitative methods, based on ethnozoology or biological
research approaches (Iskandar 2012). Quantitative methods
were used in the form of semi-structured interviews based
on prepared questionnaires. Qualitative methods used were
direct observation in the field and interviews. The selection
of respondents was done by census, so that all the heads of
families who were in place during the study and hunting
Wattled Brushturkey were selected. To obtain more
accurate information, several key informants, namely
traditional leaders and community leaders were
interviewed. The respondents who were interviewed all
heads of households who were active and passive in
hunting Wattled Brushturkey. Direct interview was
conducted on 10 heads of Family (KK) of Sigim Village
and 12 heads of family (KK) of Sinaitousi Village
conducting hunting activity.

Manokwari
District

MAP OF RESEARCH SITE

Minyambou
Sub-district
Sinaitousi Village
Sigim Village

Figure 1. Research location of Sigim and Sinaitousi Villages, Sub-district of Minyambouw, District of Arfak Mountains, West Papua
Province, Indonesia
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Data analyses
Qualitative data were analyzed by checking them
directly in the field, drawing conclusions and conjectures,
and reporting them in narrative with descriptive analysis.
The quantitative data from the interviews with the
respondents were tabulated with simple statistics, that is by
calculating the percentage of respondents' answers; the
results were made in narrative with descriptive analysis
(Newing et al. 2011).
RESULTS AND DISCUSSION
Poaching activities of Arfak tribes
The indigenous people who live in the buffer zone of
the Arfak Mountains Nature Reserve (CAPA) are Arfak
tribe consisting of four major tribes, namely Hatam, Sougb,
Moule, and Meyakh. The villagers of Sigim and Sinaitousi
consist of the tribes of Hatam and Meyakh. The farming
system of the people of both villages is still shifting
cultivation. The results of this observation are in
accordance with Manik and Sonbait (2008) statements, that
the moving gardening system is the generally prevailing
system in Papua for people who are inland and
mountainous like the Arfak tribe.
Arfak people actually have a customary concept of the
area known as “Igya Ser Hanjop”, the implementation of
this system is the understanding and agreement of the
community for the determination of some areas as
conservation areas. The conservation area consists of three
zones, i.e., Bahamti (conservation area), Nimahanti
(limited area/buffer) and Susti (utilization area) (Laksono
et al. 2001).
Hunting wildlife is an integral part of the life of the
people of Arfak in the fulfillment of animal food. Although
animal hunting is common in Arfak tribes, information and
observations during the study demonstrate that the
community hunt certain types of animals that have
relatively large body weight and economic value, making it
sufficient for consumption for the family. The selection of
wildlife hunted is correlated with the number of animals
obtained, the market economy value, and the food demand
in each hunting (Escarnila et al. (2000). According to
Sinery and Sutedjo (2009), in the settlement of indigenous
people living in the Arfak Mountains Nature Reserve area,
each house may be inhabited by 1 to 2 families or one
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family may own more than one house. The types of
animals commonly hunted by the villagers of Sigim and
Sinatousi can be seen in Table 1.
Hunting activities of Aepypodius arfakianus
Hunting of Wattled Brushturkey and collecting of its
eggs have been conducted by the communities of Sigim
and Sinatousi Villages from generation to generation.
Knowledge of bird hunting techniques and egg collecting
using traditional tools is part of the local wisdom of the
Arfak tribe people to keep the birds in the wild.
The ability of people to recognize visible bird footprints
and to see signs around the habitat such as food scraps and
dirt making it easier for them to install traps or traps
without baiting. Their knowledge of the breeding season of
Wattled Brushturkey is the most interesting to learn. The
people of Arfak tribe, in particular, Sigim and Sinatousi
villages know the breeding season by looking at the main
natural signs of Litsea tree (Litsea ledermanii Tesch.) or, in
Hatam local language it is called wap ngat. The flower and
fruit of Litsea tree can be seen in Figure 2.
When the Litsea tree begins to bloom, the local
community understands it as the start of the good season.
At the time of the flowering season, the forest usually
becomes yellowish, making it easy to see. In this period,
the parent immediately set up the nest for the female to lay
eggs. Large nests are made, looking like volcanoes and the
area around nest is clear of foliage, make it easier for
hunters to know the location of nesting.
Purposes of hunting activity
The purpose of Wattled Brushturkey hunting activities
conducted by residents of Sigim and Sinaitousi Villages
can be seen in Table 2.
Table 2. The purposes of Wattled Brushturkey hunting in Sigim
and Sinaitousi Villages of Arfak Mountains, West Papua,
Indonesia
Hunting
purpose
Consumption
Sale
Consumption
and sale
Total

Number of heads of
family
Sigim
Sinaitousi
10
12
10

12

Ratio (%)
Sigim
100.0
000.0
000.0

Sinaitousi
100.0
000.0
000.0

100.0

100.0

Table 1. The wild animals hunted by the villagers of Sigim and Sinatousi of Arfak Mountains, West Papua, Indonesia
Local name (Hatam tribe)

English name

Indonesian name

Scientific name

Mamalia
Nab nipia
Anday
Miyei bria
Jei a

Wild boar
Timor deer
Common Spotted cuscus
Ground cuscus

Babi hutan
Rusa timor
Kuskus totol
Kuskus tanah

Sus scrofa
Cervus timorensis*
Spilocuscus maculatus*
Phalanger gymnotis*

Aves
Sumug a
Wattled Brushturkey
Wattled Brushturkey
Hadingat
Dwarf cassowary
Kasuari kerdil
Note: *) Animals protected by Law no. 5, 1990 and PP no 27, 1999 (Sukmantoro et al. 2007)

Aepypodius arfakianus*
Casuarius bennetti*

852

B I O D I V E R S I T A S 19 (3): 849-856, May 2018

1 cm
Figure 2. Flower and fruit of Litsea tree (Litsea ledermanii)

The villagers of Sigim and Sinaitousi hunt Wattled
Brushturkey for their own consumption. According to
Thomas (2010), wildlife poaching in the New Guinea
region (Island of Papua) is one of the most important
activities for indigenous people's livelihood as it provides
most of the animal protein for the family.
Generally, Sigim and Sinaitousi communities do egg
collecting for their own family consumption, but if they
need money, they sell the eggs. The results showed that
more than 66.7% respondents consumed eggs from egg
collecting in the wild during the bird’s breeding season and
only a small portion (33.3%) of respondents consumed and
sold the eggs. They sell eggs if there is an urgent need or
they want to increase household income in both villages.
The marketing of eggs is done simultaneously by selling
the produce to the main market of Manokwari City.
According to Pangau et al. (2012), the hunting conducted
in the Papua region at this time has shifted from pure
subsistence activities to more commercial systems due to
market demand. This is also supported by the statement of
Partasasmita et al. (2016) that the use of wild animals by
local or ethnic communities in villages in Indonesia is
determined more by economic factors, because at present,
local wisdom tends to be neglected due to various factors
of rapid cultural and socioeconomic changes.
Hunting activities
The hunting methods commonly used by Sigim and
Sinaitousi villagers in hunting Wattled Brushturkey can be
seen in Table 4. The hunting method of Wattled
Brushturkey conducted by people from both villages is
generally the same, where the equipment used in hunting
are snares, air rifles, machetes, and arrows and bows. More
than 50% respondents generally used meshes (passive
method) because the wood and twigs to make meshes are
easily found around the forest, while the straps using nylon
ropes to trap the bird's legs are available at shops in both
villages or surrounding areas.
The equipment used is different for each target animal.
This is supported by the statement of Awak et al. (2015)

that the ways and functions of using hunting tools differ,
depending on the type of hunted animals and hunting
techniques. The modern hunting tools such as air rifles
have been used by communities in wildlife hunting
activities. The shifting use of hunting tools is thought to be
one way to make it easier to get the game. Modern hunting
tools like air rifles owned by local people are generally
used as a means of hunting for birds (Pattiselanno and
Mentasan 2010). The hunting tools commonly used by
Sigim and Sinatousi villagers are shown in Figure 3.
Hunting methods
Based on observations and interviews with hunters,
there are several methods of hunting Wattled Brushturkey
birds, as below.
Table 3. The purposes of collecting the Wattled Brushturkey eggs
in Sigim and Sinaitousi Villages of Arfak Mountains, West
Papua, Indonesia
Hunting
purpose
Consumption
Consumption
and sale
Total

Number of heads of
family
Sigim
Sinaitousi
8
8
2
4
10

12

Ratio (%)
Sigim
80.0
20.0

Sinaitousi
66.7
33.3

100.0

100.0

Table 4. Maleo hunting methods commonly used by Sigim and
Sinaitousi villagers of Arfak Mountains, West Papua, Indonesia
Hunting method
Snares
Dog
A combination of
snares and dogs
Total

Number of heads
of family
Sigim Sinaitou
si
6
7
1
2
3
3
10

12

Ratio (%)
Sigim

Sinaitousi

60.0
10.0
30.0

58.3
16.7
25.0

100.0

100.0
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Figure 3. Sigim and Sinatousi community hunting tools in Arfak
Mountains, West Papua, Indonesia

Figure 4. Model of traditional Wattled Brushturkey snares tool in
Arfak Mountains, West Papua, Indonesia

Snares
People who use the snare method, begin the hunting
with the observation of footprints or scattered food. Once
the trace of the animal's daily activity is known, the
location is used as a place for making snares. Traditional
tool models used can be seen in Figure 4.
Installation of snares for Wattled Brushturkey is done in
the morning or late afternoon, on the path of daily activity
around the garden or former garden. Traditional snares
consist of (i) two pieces of wood clamp, one is plugged
near the rope trap and made curved and the other serves to
link the rope, (ii) rope trap, diameter of 10-15 cm, (iii) rope
swing 1-4 m long, (iv) four pieces of para-para trap wood,
(v) small and strong fruit wood as a swing trap.
The inspection of meshes is usually done by hunters
from Sigim and Sinaitousi Villages 2-3 days after the trap
is installed. After that, the snares are checked once in a
week, but if no results are obtained, then the meshes will be
moved elsewhere. The number of snares commonly
installed by the people of both villages quite varies,
between 10 and 40.

A combination of snares and dogs
The combination of snares and dog for hunting is
usually done when there is a special event of the whole
village community, when the need of meat is large, such as
during religious holidays or welcoming local leaders. The
combined method is not done specifically for Wattled
Brushturkey hunting, but it is done for hunting of large
wildlife, like deer and wild boar. If these birds are found in
the area of hunting location, they will be hunted too. Some
of the methods used are adaptations from generation to
generation to get high results. This result is in line with the
opinion of Wilkie et al. (2000) that the development of
hunting methods is a form of demands for increased
economic benefits of animals by local communities.

Dogs
People living on hunting animals in Papua use dogs to
help them in hunting and protect them from dangerous
animals. Communities in both villages train their dogs
using ropes made of creeping plant (Meremia sp.). The part
of the rod of forest ropes that have been cut is then blown
on the nose, and mouth, and the second part is used to hit
the dog's abdomen. This activity is done several times until
the smelling sense is sharp. Generally, the way to quickly
train the dogs is bringing them along with pack of dogs that
are used for hunting.
Two-six trained dogs are usually used for one-time
hunting, and this method is commonly used in remote
hunting locations where the presence of these birds at
hunting sites are not known. Utilization of dogs as hunting
animals has been done for a long time and is part of the
local wisdom of indigenous people living in Papua.

Number of hunting members
The number of hunters in the Wattled Brushturkey
hunting group in Sigim and Sinaitousi Villages can be seen
in Table 5.
Hunting was performed individually and in groups in
Sigim and Sinatousi villages, but generally (over 66.7% ) it
was done in groups. They hunt in groups, presumably,
because the hunting location is far enough, so forming a
group can help fasten the snares and bring the game and
protect each other from dangers such as snakes or other
disturbances during hunting. The number of members in a
group usually ranges from 3 to 7 people, and usually, the
selection of members is based on family relationships.
Hunting with group models are also reported by the
research results of Awak et al. (2015), which found that
cooperation in hunting will greatly affect the results of the
hunting.
Hunting location
Maleo hunting by villagers Sigim and Sinatousi villages
are conducted in the forest around the village. The location
of hunting is usually in primary forest, secondary forest of
former garden and river basin. The location of the hunting
is still limited to each clan area or based on clear and
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mutually agreed customary rights. According to
Pattiselanno and Mentasan (2010), site boundaries are
common to indigenous peoples in Papua, such as the results
of the Maybrat tribe that the rules are firmly and
consciously understood by the members of the clan so that
hunting should not pass through their customary land.
The location of the bird’s habitat is quite difficult to
reach because we must walk two hours into the wilderness,
and, in some location, we must cross a river. The location
is in rocky, slippery mountainous terrain, over the ravine.
One bird’s habitat the most commonly visited for hunting
is at the coordinates of 133051'12 "E and 107'56" S. It is
presumed that the habitat location for elusive Wattled
Brushturkey birds is difficult to reach in order to avoid
natural predators such as wild boar (Sus scrofa) and
monitor lizard (Varanus sp.), and hunters approaching the
nest. Wattled Brushturkey hunting area by indigenous
people of Sinaitousi Village in primary forest can be seen
in Figure 5.
Hunting activity
The frequency of hunting by respondents in Sigim and
Sinatousi Villages can be seen in Table 6. Sigim and
Sinaitousi villagers usually hunt Wattled Brushturkey
during breeding season especially to get eggs, while the
hunting of adult birds are done without considering the
seasons, but based on the need and demand. The frequency
of hunting Wattled Brushturkey birds varies considerably
between the two villages. The results showed that most of
the people of Sigim Village (50%) did not necessarily hunt
in a month, whereas in Sinatousi Village (50%) only did
Table 5. The number of hunters in Wattled Brushturkey hunting
team by Sigim and Sinaitousi villagers of Arfak Mountains, West
Papua, Indonesia
Hunting
members
Individual
Group
Total

Number of heads of
family
Sigim
Sinaitousi
2
4
8
8
10
12

Ratio (%)
Sigim
20.0
80.0
100.0

Figure 5. Location of hunting in primary forest

Sinaitousi
33.3
66.7
100.0

hunting less than 2 (two) times in a month. The villagers of
Sigim only hunt at low frequency presumably because the
location of hunting sites in Sigim is far away from the
settlements, or, maybe, the Wattled Brushturkey population
in Sigim Village is relatively smaller than that in Sinaitousi
Village.
The number of respondents hunting more than 3 times a
month was 2 families or 20% families in Sigim Village and
4 families or 33.3% in Sinatousi Village. This indicates that
there is still demand food originated from Wattled
Brushturkey and the birds are still available in nature
although their presence at this time is far from the village.
Hunting time
The hunting time performed by the people of Sigim
Village and Sinaitousi is relatively uncertain, but usually,
the hunting of Wattled Brushturkey is done in the morning
until late afternoon. This is related to the pattern of Maleo
bird activity which is a diurnal animal so that the fitting of
the traps and the use of trained dogs based on footprints or
scattered food scraps will facilitate the hunter in the fitting
of the snares. The hunting using snares is generally done in
the morning or late afternoon, when the morning birds will
come out of rest and in the afternoon when they will return.
In general, hunters leave from kampong to hunting location
between 05.00 o’clock and return home at 18.00 Middle
Indonesian Time.The length of hunting activity depends on
the location of hunting. If the hunting location is far from
the village, usually they spend the night in a hut made at
the hunting location. The hut as a resting place for hunter at
the hunting site can be seen in Figure 6.
Table 6. Frequency of hunting for Wattled Brushturkey by Sigim and
Sinaitousi villagers of Arfak Mountains, West Papua, Indonesia
Hunting
frequency
(month)
≤ 2 time
3-5 time
> 5 time
Uncertain
Total

Number of heads of
family
Sigim
Sinaitousi
3
6
2
3
0
1
5
2
10
12

Figure 6. Huts resting place in the forest

Ratio (%)
Sigim
30.0
20.0
00.0
50.0
100.0

Sinaitousi
50.0
25.0
08.3
16.7
100.0
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who have been willing to accompany researchers during
the field.
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Figure 7. Trapped bird of Wattled Brushturkey
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Abstract. Kurniawan ID, Rahmadi C, Caraka RE, Ardi TE. 2018. Short Communication: Cave-dwelling Arthropod community of
Semedi Show Cave in Gunungsewu Karst Area, Pacitan, East Java, Indonesia. Biodiversitas 19: 857-866. Arthropods are a major group
of animals which have significant roles in maintaining cave ecosystem stability. Semedi is a new show cave, but information about
arthropods in this cave was not available. The use of cave as a tourist attraction will bring environmental changes which potentially
disturb cave-dwelling arthropod community. This study aimed to measure arthropod diversity and their relation to abiotic factors in
Semedi Show Cave. Arthropods were sampled by hand collecting, a combination of pitfall and bait traps, and Berlese extractor. Abiotic
factors measured were climatic and edaphic parameters. Sampling was conducted in the 3 zones of Semedi cave (Entrance, Twilight,
and Dark). Data were analyzed by calculation of richness (Margalef), diversity and evenness (Shannon-Wiener) indices, cluster and
correlation analyses. A total 1095 individuals of arthropods consisting of 102 morphospecies, belonging to 6 Classes, and 19 Orders
were sampled during this study. The entrance zone had higher richness and diversity indices (richness=12.80, diversity=3.40) than the
twilight zone (richness=7.85, diversity=3.25) and the dark zone (richness=5.35, diversity=2.63). Meanwhile, the twilight zone had
higher evenness index (0.85) than the entrance zone (0.77) and the dark zone (0.77). Each zone of Semedi cave had different abiotic
conditions. Abiotic conditions and Arthropod communities in the twilight and dark zones were more similar to each other than to those
of the entrance zone. The statistical analyses showed that there were significant correlations between abiotic factors and arthropod
communities. Semedi had various cave-dwelling arthropods. Sustainable management of show cave should be applied to minimize the
destructive impact of tourism activities on the cave arthropod community.
Keywords: Inventory, cave-dwelling arthropods, sustainable management, show cave

INTRODUCTION
Cave is a unique environment with relatively stable
climatic conditions. This environment is characterized by
the permanent absence of light, high air humidity, stable
temperature, high CO2 and often limited food resources
(Palacious-Vargas et al. 2011; Simoes et al. 2015; Bento et
al. 2016). This extreme environmental condition becomes a
selective force for many lives so that only particular
species can live and thrive in the typical cave environment
(Howarth 2009; Romero 2009; Culver and White 2012).
Arthropods are the most diverse and abundant group of
animals living in cave ecosystem, not only in term of
species richness but also in its roles in the ecosystem
(Romero 2009). Arthropods can act as predators,
decomposers and also food sources for other cave
organisms (Suhardjono et al. 2012). Arthropods play
critical roles in maintaining cave ecosystem stability
(Rahmadi 2002). Disturbance on the Arthropod community
in cave ecosystem can disrupt other organisms’ life or
destroying the entire cave ecosystem.

The threat to cave ecosystem sustainability has
increased recently. Besides the impacts of extractive
industry activities such as cement and phosphate mines,
and pollution, particularly water pollution in caves with
underground river systems, the development of caves into
tourist attractions (show caves) is also one of the severe
threats to cave ecosystem sustainability. Some previous
studies indicated that cave development for tourism is
identified as one of the major threats to cave biodiversity in
particular and ecosystem in general (Macud and Nuneza
2014).
Many new show caves in Indonesia are now being
developed. Some caves in Indonesia are even developed
into mass tourism. Indeed, currently, show caves in
Indonesia are becoming a trend and able to attract many
visitors. As an interesting example is Gong cave in Pacitan
Regency, East Java that can attract more than 250,000
visitors and contributes more than USD 200,000 per year
(Kurniawan et al. 2017). Unfortunately, show caves are
often managed to promote economic benefits only, without
considering the ecological aspect. Some infrastructures of
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cave often need to be constructed to add attraction and
ensure the safety of visitors, but these can change the
environmental conditions of the cave. In fact, the cave
ecosystem is highly susceptible to disturbances resulting
from human activities. If it is damaged, it will be difficult
to recover (Fernandez-Cortez et al. 2011; Jones 2016). The
damage can even occur before the ecosystem condition of a
cave is known, because many show caves are developed
without a prior study on ecological aspects.
If the environmental factors are managed properly,
utilization of caves as a tourist attraction is an essential
aspect of improving the economic level of the local society.
The presence of show caves enhances many job
opportunities, so it becomes one of the solutions to reduce
poverty. Besides, this type of utilization is also considered
more sustainable and ecologically friendly.
Developing
sustainable
show
cave
requires
comprehensive evaluation. So far, evaluation of show
caves management in Indonesia has never been conducted.
One of the main difficulties in the evaluation process is the
lack of data of the initial condition of the cave ecosystem.
This condition makes it difficult to know the dynamics of
ecosystem changes that occur, so the negative impact of
tourism activity on the ecosystem is hard to detect.
Research on the initial condition of show caves ecosystem
is fundamental to undertake. The availability of secondary
data will be a substantial basis for evaluating show caves
management.
Semedi is a new show cave located in Gunungsewu
karst area, Pacitan Regency, East Java. Gunungsewu has
been designated as a Global Geopark Network (GGN

UNESCO) in which conservation is one of the most
important aspects that should be considered in every single
development in this karst area. Semedi has been developed
into a show cave since 2016 and managed by the local
society. The construction of infrastructure in the form of
electric lights and widening of cave passages had been
done. Also, the use of a hazardous chemical substance such
as mothballs has been done in this cave. Mothball contains
naphthalene, an active compound with toxic effects for
insects (Fleming and Baker 1934). Information about the
initial ecological condition of Semedi cave about
Arthropod community, in particular, was not available yet.
Therefore, this study aimed to measure the arthropod
diversity and their relation with abiotic factors in Semedi
cave. The results of this study are expected to be used as
the basic and scientific considerations in the evaluation of
Semedi cave management in particular and other show
caves in general.
MATERIALS AND METHODS
This study was conducted at Semedi cave located in
Gunungsewu karst area, Indonesia (8.1567°S 111.0256°E).
Samplings were taken during January-February 2017. The
cave was divided into three communities, determined based
on cave zones: entrance, twilight and dark zones (Culver
and White 2005). Semedi has simple cave system with two
entrances to make zone condition repeated. Semedi
location and passage conditions can be seen in Figure 1.

Figure 1. The location of Semedi Cave in Gunungsewu karst area, southern Java, Indonesia (left) and Semedi’s Passage Conditions (right)
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Arthropods sampling
Arthropods were sampled by hand collection (direct
collection), pitfall and baits traps, and soil extraction with
modified Berlese extractor. The direct collection made with
the help of gloves, brushes, and tweezers for 90 minutes
(30 minutes x 3 observers) in each zone. Pitfall traps were
made by vial bottles (5 cm in diameter) filled with 96%
alcohol and glycerin (9:1 in ratio), while the bait traps were
based on Hunt and Millar (2001) design with cheese bait.
Pitfall traps were installed in each zone, 5 pieces each,
while the bait traps were two pieces and left for 48 hours.
The modified Berlese extractor used 15W bulb lamps and
was placed 20 cm above the samples. For each zone, two
soil samples, each of which was one liter, were taken and
extracted for 4-6 days. All collected Arthropods were
identified based on morphological characters to the lowest
possible taxon level.
Abiotic sampling
Abiotic measurements included climatic and edaphic
factors. Climatic factor measurement was performed
directly in the field. Light intensity was measured using lux
meter (Lutron LX-107), air temperature and humidity using
logger (eTemperature version 8.31), while CO2 level using
CO2 meter (Telaire T7001). The edaphic factor measured
was soil temperature, carried out directly in the field using
soil thermometers. Besides, soil samples were collected
and tested in the laboratory of the Agency for Agricultural
Research and Development in Yogyakarta to measure the
content of soil organic carbon (SOC), nitrogen (N),
phosphate (P), soil pH, and moisture. Soil moisture
measurement was based on wet and dry weight.
Data analyses
The data were analyzed by calculating richness index
according to Margalef:
D

:

(S − 1)
ln N

(Dao-Hong 2007)

Diversity and evenness indices according to ShannonWienner:
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RESULTS AND DISCUSSION
Arthropods taxa
A total of 1.095 individuals of Arthropod distributed
among six classes, 19 orders, and 102 morphospecies were
collected during this study. The list of Arthropod taxa is
presented in Table 1.
As seen in Figure 2, Insecta is the most diverse class
with the most significant number of individuals. This class
is known to be highly adaptive to new environments and
environmental changes (Gillot 2005). This capability
makes it the most dominant group both in terms of
diversity and abundance in all types of ecosystems,
including cave ecosystems. Insecta also plays diverse roles
in the ecosystem. There are three primary functions of this
class. As predators such as the member of Hymenoptera,
Coleoptera (Staphylinidae, Cucujidae, and Anthicidae),
Dermaptera, and Diplura; as decomposers such as the
member of Blattodea, Orthoptera, Diptera, Psocoptera,
Coleoptera (Scolytidae and Tenebrionidae), and immature
insect group (larvae); and as herbivore such as Orthoptera.
Arachnida has the second diverse of morphospecies and
number of individuals after Insecta. Members of this class
are dominated by Acari (mites) and Aranea (Spiders). Acari
is mostly concentrated around the organic matter piles in
the form of bat guano and acts as decomposers, and some
are known to act as predators. Other Arachnida members
Aranea, Amblypigi, and Opiliones, all serve as predators.
Collembola has the third diverse of morphospecies and
number of individuals. Collembola is separated from
Insecta and has become a different class. This separation is
based on the structure of the ventral tube in the first
segment of ventral collembolan abdomen (Suhardjono et al.
2012). Members of this class are known as the essential
decomposer in cave ecosystem. The other three classes
Diplopoda, Crustacea, and Chilopoda, have relatively
fewer morphospecies and individuals than the other three
classes described before. Diplopoda (Spirostreptida:
Cambalopsidae and Harpagophoridae) and Crustacea
(Isopoda: Oniscidae and Philosciidae) serve as
decomposers, while Chilopoda
(Geophilomorpha:
Mecistochepalidae) acts as a predator.

n

H’

: − ∑ Pi ln Pi (Schowalter 2011)
i =1

EH

H'

: ln S

(Pielou 1966)

Besides, we also used cluster analyses using MVSP
version 3.1 to determine the similarities among
communities. Statistical analysis was taken through
correlation analysis using SPSS version 24 to know the
correlation between abiotic factors and Arthropod
communities.

Figure 2. Comparison of species numbers and individuals among
classes of Arthropod in Semedi Cave, Gunungsewu karst area,
Indonesia
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Table 1. The list of morphospecies in Semedi Cave, Gunungsewu karst area, Indonesia
Class
Arachnida

Order
Acari

Amblypygi
Aranea

Chilopoda
Collembola

Opiliones (Laniatores)
Geophilomorpha
Entomobryomorpha

Poduromorpha
Symphypleona
Crustacea

Isopoda

Diplopoda

Spirostrepsida

Insecta

Blattodea
Coleoptera

Morphospecies
Acari sp.1 (Mesostigmata)
Acari sp.2 (Oribatida)
Acari sp.3 (Oribatida)
Acari sp.4 (Oribatida)
Acari sp.5 (Mesostigmata)
Acari sp.6 (Gamasida: Uropodidae)
Acari sp.7 (Oribatida)
Acari sp.8 (Mesostigmata)
Acari sp.9
Acari sp.10
Acari sp.11 (Prostigmata)
Acari sp.12
Acari sp.13
Acari sp.14 (Prostigmata)
Acari sp.15
Acari sp.16 (Prostigmata)
Charotidae (Charon sp.)
Aranea sp.1
Aranea sp.2
Aranea sp.3
Aranea sp.4
Aranea sp.5
Aranea sp.6
Araneidae sp.1
Araneidae sp.2
Salticidae sp.1
Salticidae sp.2
Salticidae sp.3
Scytodidae sp.1
Scytodidae sp.2
Oxyopidae
Theridiidae sp.1
Theridiidae sp.2
Assamiidae
Mecistochepalidae
Paronellidae (Ascocyrtus sp.)
Paronellidae (Salina sp.1)
Paronellidae (Salina sp.2)
Paronellidae sp.
Cyphoderidae sp.1
Cyphoderidae sp.2
Cyphoderidae (Mimocerus sp.)
Entomobryidae (Entomobrya sp.)
Entomobryidae (Siera sp.)
Entomobryidae sp.
Entomobryidae (Arcocyrtus sp.)
Entomobryidae (Ascocyrtus sp.)
Isotomidae (Folsomides sp.1)
Isotomidae (Folsomides sp.2)
Tomoceridae sp.1
Tomoceridae sp.2
Hypogastruridae (Hypogastrura sp.)
Neanuridae
Symphypleona sp.1
Symphypleona sp.2
Oniscidae
Philosciidae
Trachyjulus tjampeanus
Harpagophoridae
Blaberidae
Blattidae
Anthicidae
Cucujidae sp.1

Cave adaptation category
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Accidental
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglobite
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile

Role in ecosystem
Decomposer
Predator
Predator
Predator
Decomposer
Decomposer
Predator
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Predator
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Predator
Decomposer
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Dermaptera
Diplura
Diptera

Hymenoptera

Lepidoptera
Orthoptera
Psocoptera
Immature Insect

Cucujidae sp.2
Scolytidae (Ambrosiodmus obliques)
Staphylinidae sp.1 (Omalinae)
Staphylinidae sp.2 (Paederinae)
Staphylinidae sp.3 (Paederinae)
Staphylinidae sp.4 (Paederinae)
Staphylinidae sp.5 (Tachyporinae)
Tenebrionidae
Anisolabididae
Heterojapygidae
Diastatidae
Dolichopodidae
Drosophilidae
Unidentified
Phoridae (Megaselia sp.)
Psychodidae
Sciaridae
Tipulidae
Formicidae sp.1 (Myrmicinae)
Formicidae sp.2 (Formicinae)
Formicidae sp.3 (Myrmicinae)
Formicidae sp.4 (Myrmicinae)
Formicidae sp.5 (Formicinae)
Formicidae sp.6 (Ponerinae)
Formicidae sp.7 (Formicinae)
Formicidae sp.8 (Dolichoderinae)
Formicidae sp.9 (Dolichoderinae)
Unidentified
Pyralidae
Acrididae (Tetrigidae)
Rhaphidophoridae (Rhaphidophora sp.)
Tridactylidae
Prionoglarididae
Larvae sp.1 (Coleoptera)
Larvae sp.2
Larvae sp.3 (Diptera)
Larvae sp.4
Larvae sp.5
Larvae sp.6 (Lepidoptera:Tineae)

Figure 3. Troglobitic Isopod (Family: Oniscidae)

Based on morphological characters exhibited by the 102
arthropods species found in this study, there was only one
species that is considered as troglobites (obligate cave
species), it is Isopod from the Family of Oniscidae (Figure
3). The troglobite Isopod shows the troglomorphic features
in the form of depigmentation and reduction of eyes size
(Culver and Pipan 2009). Only two individuals of this
species were successfully collected, and both were found in
the guano piles. Cave fauna classified as troglobite is
known to have a small population size and vulnerable to

Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Accidental
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Accidental
Troglophile
Accidental
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
Troglophile
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Predator
Predator
Predator
Decomposer
Predator
Predator
Decomposer
Predator
Decomposer
Decomposer
Decomposer
Decomposer
Decomposer
Predator
Predator
Predator
Predator
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Predator
Predator
Predator
Predator
Predator
Predator
Decomposer
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Decomposer
Herbivore
Decomposer
Decomposer
Decomposer
Decomposer
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extinction (Suhardjono 2011). One of the main considerable
factors that allegedly cause the low number of troglobitic
species in the Semedi cave is the relatively short cave
passage. The biota present in this cave has not been
completely isolated from the outside environment of the
cave.
Most of the species of arthropods found in this study
belong to troglophile (97 species), while a few others are
classified as accidental (4 species). Some other species also
show the troglomorphic features, for examples elongated
antennae and or legs on cave cricket (Rhaphidophora sp.)
and whip spider (Charon sp.), also eye reduction and
depigmentation on Collembola (Fam. Cyphoderidae), but
those species are not considered as obligate cave dwellers.
Those species are commonly found in caves, but they can
also be found in some other habitats that have nearly
resemble characters of caves (troglophile). Culver and
White (2005) explain that not all traits showing
troglomorphy are cave-adapted, but cave-adapted is always
troglomorphy. It means that the morphological characters
such as elongated antennae and or legs, depigmentation,
and reduction of eyes can also be owned by fauna that lives
outside cave environment.
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Figure 4. The indexes of richness, diversity, and evenness
Arthropod in Semedi Cave, Gunungsewu karst area, Indonesia

Figure 5. Difference on species number among different
sampling techniques

As seen in Figure 4, richness index shows that the
entrance zone had the highest species richness, followed by
the twilight zone and the dark zone. This condition is also
supported by the data from the use of three different
sampling techniques in this study that showed a uniform
pattern. The entrance zone always had the highest species
richness, followed by the twilight and dark zones (Figure
5). These results simultaneously demonstrate that the use of
a combination of several sampling techniques is essential
for obtaining representative data. Each sampling method
has its advantages and disadvantages. The combination of
several sampling techniques will produce complement data.
The diversity index (Figure 4) shows a pattern similar
to the richness index. These results illustrate that the
entrance and twilight zones had higher species richness and
ecosystems in these zones tended to be more stable and
resistant to damage than the dark zone. The low value of
diversity index in dark zone indicates that arthropod
communities in this zone had a higher ecological pressure

and less stable than the entrance and twilight zones. Typical
environmental conditions require organisms to adapt and
survive in the dark zone that has the extreme environment.
Therefore, the dark zone is dominated by species that have
successfully adapted to life in this zone (Suhardjono et al.
2012).
Evenness index shows that the population of each
arthropod in the twilight zone was evenly distributed, while
the entrance and dark zones tended to be similar that there
were some species that slightly dominated. The species
found to have population dominating in the entrance zone
were ants (Sub Fam. Dolichoderinae, Myrmicinae), spiders
(Fam. Uloboridae), Collembola
(Ascocyrtus sp,
Folsomides sp.), larvae
(Coleoptera), and Acari
(Oribatidae). While some species that dominated in the
dark zone were a millipede (Trachyjulus tjampeanus), cave
cricket (Rhaphidophora sp.), Collembola (Ascocyrtus sp,
Folsomides sp, Fam. Cyphoderidae), ants (Sub Fam.
Formicinae), acari (Mesostigmata and Oribatida) and
insect larvae.
Abiotic parameter
There were differences in the climatic conditions among
cave zones. Light intensity decreased with increasing
distance from the cave entrance. The entrance zone had the
highest light intensity due to direct exposure to sunlight.
There was a significant decrease of light intensity in the
twilight zone because the light reaching to this zone was
only reflected light from the entrance zone. The dark zone
had dark conditions with 0 lux of light intensity. Darkness
without light is one of the leading typical characteristics of
cave environment (Gunn 2004; Culver and White 2005).
Although some electric lights have been installed in the
dark zone of Semedi cave, the lights were completely
turned off during sampling periods.
The level of air CO2 showed a pattern opposite to the
light intensity. CO2 tended to increase as the distance from
the cave entrance increased. Relative humidity (RH)
showed the same pattern as CO2. The dark zone had the
highest RH, followed by the twilight zone and the entrance
zone. The high CO2 level and RH are also known as typical
characters of cave environment (Palacious-Vargas et al.
2011; Simoes et al. 2015; Bento et al. 2016). Meanwhile,
an average of air temperature did not show any significant
difference among cave zones. All three zones had an
average temperature of 24-24.5°C. The differences in the
air temperature among zones can be seen on the data of air
temperature dynamics presented in Figure 5.
Table 2. Climatic measurement in Semedi Cave, Gunungsewu
karst area, Indonesia
Zone
Entrance
Twilight
Dark

Light intensity
(lux)
1575.14
7.15
0.00

CO2
(ppm)
393.48
400.60
425.20

RH
(%)
94.28
98.34
100.44

Temp.
(°C)
24.49
24.01
24.10
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Figure 6. Air temperature dynamics in Semedi Cave, Gunungsewu karst area, Indonesia

As seen in Figure 6, the air temperature in entrance
zone tended to fluctuate quickly. This zone is a right border
between cave environments with outside environments.
Outside cave conditions strongly influenced the
temperature conditions in this zone so makes it highly
fluctuated. A slightly different condition occurred in the
twilight zone. The air temperature in this zone much less
fluctuated than the entrance zone. This zone has transition
characters between the fluctuating entrance zone and the
stable of dark zone. The dark zone is known to have much
more stable environmental conditions (Culver and White
2005). This means that there should be no significant
changes in air temperature inside the dark zone.
There was 0.5°C increment of air temperature in the dark
zone (Figure 6) from the original 24°C to 24.5°C at 12:00
and the temperature lasted until 19:00 (8 hours). After
19.00, the air temperature returned to 24°C. An important
note is that team survey consisting seven people began the
sampling activities in the dark zone at 11:00 am for
approximately 1.5 hours. The temperature increment
occurred just after the survey activities had been conducted
in the dark zone. This result proves that human activity in
the dark zone can increase air temperature. Besides, the
cave environment takes a long time to restore the air
temperature to its original state (Lario and Soler 2010).
Edaphic measurements also showed the differences result
among cave zones. Soil pH in the twilight and dark zones
tended to be more acidic than entrance zone. Also, P2O5 in
the twilight and dark zones was also higher. Both zones
had the same organic material in the form of insectivorous
bat guano. Guano is known to have low pH and contains
high organic carbon, phosphate, and nitrogen (Sikazwe and
Waele 2004). The content of SOC and N-NH4 in the dark
zone was lower than either the twilight or the entrance
zone. This condition happens because the number and
variation of organic matter in the dark zone are relatively
fewer than entrance and twilight zones. The limited number
and variety of organic matter that is the food source for
biota is one of the typical characteristics of cave
environment (Gun 2004). Soil moisture tended to be higher
in twilight and dark zones. Percolate water droplets that fell
into the ground make the soil moisture higher. Soil
temperatures tended to be higher in entrance zone. Soil
temperature is known to have a negative correlation with
soil moisture. This means that the higher soil temperature
will decrease soil moisture (Pinheiro et al. 2001).

Dissimilarity among communities
Based on the result of cluster analysis (Figure 7), it can
be seen that the twilight zone community tended to be more
similar with the dark zone community, whereas entrance
zone tended to be different. Bray-Curtis's dissimilarity index
was used as a basis for the establishment of the dendrogram.
This index is considered more efficient and appropriate for
ecological analysis because its calculation is not only based
on the presence or absence of a species in the community
but also the number of individuals of each species
(Schowalter 2011). This cluster analysis result means that
the community's similarity between twilight and dark zones
was not only from the species composition aspect but also
from the population of each species in those communities.
Table 3. Edaphic measurement in Semedi Cave, Gunungsewu
karst area, Indonesia
Zone

pH

Entrance
Twilight
Dark

7.51
6.54
6.82

SOC
(%)
0.75
1.59
0.46

N-NH4
(ppm)
145.53
203.74
66.94

P2O5
(ppm)
26
189
128

Moist.
(%)
20.66
26.63
26.68

Temp.
(°C)
25.95
25.08
24.80

Dark zone
Twilight zone
Entrance zone

Figure 7. Dissimilarity of Arthropod community among cave
zones in Semedi Cave, Gunungsewu karst area, Indonesia
Dark zone
Twilight zone
Entrance zone

Figure 8. Dissimilarity of abiotic parameters among cave zones in
Semedi Cave, Gunungsewu karst area, Indonesia
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Cluster analysis of abiotic factors was also taken to
know which zones had more similar abiotic condition to
each other. As seen in Fig. 8, the abiotic condition of
twilight and dark zones tended to resemble each other
compared to the entrance zone. The presence of biota
cannot be separated from the surrounding abiotic condition.
The abiotic conditions determine and influence the
existence and sustainability of biotic components in
ecosystems. The higher abiotic similarity between twilight
and dark zones made the arthropod communities in these
zones more similar (Figure 7).
Statistical analysis through correlation test was done to
find out the correlation between abiotic components with
the arthropod communities structure. Nonparametric
analysis was chosen because the abiotic sample size was so
small. The correlation test results can be seen in Table 4.
Based on Table 4, it can be seen that there are robust
and significant correlations between the climatic and
edaphic factor components with the arthropod community
structure. Light intensity and air temperature were
positively correlated with richness (r = 0.94 and r = 0.87).
The entrance zone that had a higher light intensity and air
temperature than the other two zones also had the highest
species richness. Light is the main source of energy for life.
The existence of light allows plants (producers) to live and
produce primary productivity (organic matter) through
photosynthesis. Primary productivity is the source of
biodiversity at higher trophic levels in ecosystems (Culver
and White 2005). The absence of sunlight in the dark zone
makes the species richness in this zone limited.
Two other components of the climatic factor of the CO2
level and air humidity had negative correlations with the
three indicators of the structure of arthropod community.
CO2 was strongly negatively correlated with richness (r = -

0.88), diversity (r = -0.00), and evenness (r = - 0.83),
whereas air humidity was strongly negatively correlated
with richness (r = -1.00) and diversity = -0.86) and
moderately negatively correlated with evenness (r = -0.47).
The dark zone had a higher CO2 level and air humidity than
the other 2 zones, but it had the lowest species richness,
and there were some species with dominant populations
(low evenness) such as millipede Trachyjulus tjampeanus,
springtails Ascocyrtus sp, Folsomides sp, Fam.
Cyphoderidae, cave cricket Rhaphidophoridae sp, Acari
(Oribatidae), ant and insect larvae.
Table 4. Correlation among abiotic components with the
arthropod communities in Semedi Cave, Gunungsewu karst area,
Indonesia
Variables

Richness

Diversity

Evenness

Climatic
Light Intensity
CO2
Air Temperature
Air Humidity

r
0.94###
-0.88***
0.87###
- 1.00***

0.65
-1.00***
0.50
- 0.86***

0.15
- 0.83***
- 0.03
- 0.47

Edaphic
r
pH
0.81###
0.40
-0.14
SOC
0.07
0.56
0.91###
NNH4
0.42
0.82###
1.00###
***
P2O5
-0.75
-0.31
0.23
Soil Temperature 0.99###
0.80###
0.37
Soil Mositure
-0.94***
-0.65
-0.15
Note: r= coeficient of correlation, *** Very strong correlation
(negative) and significant on α =5, ### Very strong correlation
(positive) and significant on α =5

Figure 9. Correlation among measured variables in Semedi Cave, Gunungsewu karst area, Indonesia
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The correlation test of the edaphic factor components
showed that soil pH, SOC, NNH4, and soil temperature had
strong positive correlations with the arthropod community.
pH was positively correlated with richness (r = 0.81)
meaning that zones with higher soil pH (alkali), had
relatively higher species richnesses. The entrance zone had
the highest pH and also had the highest species richness.
The twilight and dark zones had much organic matter in the
form of bat guano and had relatively low pH. Every soil
organism has an optimum pH and a tolerance limit to
different soil pH (Lavelle et al. 1995). Arthropod species
that live in the twilight and dark zones are thought to be
more tolerant to acidic environmental conditions.
SOC was highly positively correlated with evenness (r
= 0.91). This means that each population of Arthropods
tends to be more similar (low dominance) in zones with
high soil SOC content such as in the twilight zone. SOC is
an organic material that plays a significant role as a source
of food for Arthropods. The twilight zone had the highest
SOC content, but the species richness in this zone was not
so high as the entrance zone. Diversity is not necessarily
determined solely by the quantity of sources of organic
matter, but also the quality of the organic matter. The
heterogeneity of food sources is one of the most important
quality indicators (Culver and White 2005). The twilight
zone had the highest organic content, but the variety of
organic material was low, consisting mostly of bat guano.
The limited species of Arthropods capable of using guano
as food causes of species richness in this zone lower than
the bright zones.
Soil temperature was positively correlated with richness
(r = 0.99) and diversity (r = 0.80). Soil temperature is
known to have a strong positive correlation with the air
temperature. This condition occurs because of the process
of heat flow and energy balancing between those two
elements (Zheng et al. 1993; Islam et al. 2015). Both, soil
temperature and air temperature had strong positive
correlations with diversity. The entrance zone with the
highest soil temperature and air temperature had the highest
diversity. Soil temperature and air temperature have a
strong positive correlation with light intensity. High soil
temperature and air temperature in entrance zone are the
effects of direct sun exposure. The presence of sunlight
further allows the life of green plants to allow many types
of Arthropods to live. This is what causes these two
components to be positively correlated with diversity.
NNH4 was positively correlated with evenness (r =
1.00) and diversity (r = 0.82). The entrance and twilight
zones that had high NNH4 soil content had higher diversity
and evenness than the dark zone. NNH4 is known to have
no direct effect on Arthropods because the form of nitrogen
in the soil cannot be used directly by Arthropods. Nitrogen
induces the Arthropod community indirectly by
determining the quality of tissue and vegetation
productivity. Vegetation conditions will then affect the
Arthropod community living in the environment. Similar to
NNH4, P2O5 is also known to have no direct effect on the
Arthropod community (Parwez and Sharma 2014). Based
on the correlation test, this component had a very strong
negative correlation with richness (r = -0.75). The twilight

865

and dark zones had higher P2O5 content than entrance zone,
but species richness in these zones was lower. The
existence of guano is a factor that can explain this
relationship. Guano is known to have a high content of
P2O5 (Sikazwe and De Waele 2004). The twilight and dark
zones had organic matter in the form of guano, so the P2O5
content was relatively high. However, species richness in
those zones was lower than that in the entrance zone.
Soil moisture had a very strong negative correlation
with richness (r = -0.94). The twilight and dark zones had
higher soil moisture than the entrance zone, but species
richness in these zones was relatively lower. These zones
tended to be populated by common species in cave
ecosystems as the dominant species. Some species that
dominated these zones were the decomposers that lived
around bat guano. Moisture allows the growth of fungi and
other microbes that are main food for decomposer
Arthropods (Parwez and Sharma 2014).
Conclusions
A total of 1,095 individuals of Arthropod distributed
among six classes, 19 orders, and 102 morphospecies were
found in Semedi cave. Insecta had the highest species
richness (43 species), followed by Arachnida (34 species),
Collembola (20 species), Diplopoda and Crustacea (2
species of each), and Chilopoda (1 species). The entrance
zone had the highest species richness, followed by the
twilight and dark zones. Abiotic conditions and arthropod
community structures in twilight and dark zones tended to
have high similarity compared to those of the entrance
zone. Abiotic factors determine the structure of arthropod
community in each cave zone. Light intensity, air
temperature, soil pH, SOC, NNH4, and soil temperature
had high positive correlations with the Arthropod
community, whereas air CO2, RH, soil P2O5, and soil
moisture had negative correlations. Semedi had various
cave-dwelling arthropods. Changes in environmental
conditions due to tourism activities can threaten the
survival of the Arthropod communities inside it.
Sustainable management of show cave should be applied to
minimize the destructive impact of tourism on Semedi cave
arthropod community.
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Abstract. Setyono P, Himawan W. 2018. Analyses of bioindicators and physicochemical parameters of water of Lake Tondano, North
Sulawesi Province, Indonesia. Biodiversitas 19: 867-874. The water quality of Lake Tondano is affected by various anthropogenic
activities on the water body and catchment area. The purposes of this research were (i) to identify a pollution load based on the study of
bioindicators and physicochemical parameters and (ii) to identify the trophic level of the Lake Tondano. The research data were
collected by direct water sampling and analyses of a secondary data. The plankton identification was conducted in a laboratory. The data
were analyzed to determine biodiversity index (ID) using the Shannon Weiner formula. A comparison between physicochemical
parameters and the standard in the government regulation number 82, the year of 2001 and the value of diversity index were used to
determine the pollution level. The trophic level was calculated with the Carlson Formula. The results showed that the diversity index
(H') in Lake Tondano was 1.904 (phytoplankton), 1.712 (zooplankton) and 2.086 (benthos) which indicated a low to mid-level pollution.
Based on the government regulation, the Eris station had inappropriate water quality for the present utilization (Class II). The trophic
state was categorized as eutrophic towards hypertrophic condition indicated by domination of the phytoplankton and large covers of the
water hyacinth.
Keywords: Biodiversity, eutrophication, Lake Tondano, water pollution

INTRODUCTION
The problems of water in lake and reservoir are the
impact of climate change, eutrophication, an interactive
effect of anthropogenic activities (Ismest’eva 2015),
population growth and land conversion (Chalar et al. 2011),
urbanization and industrialization (Effendi 2016). A study
by Dodson et al. (2000) on various type of lakes confirmed
a strong correlation between anthropogenic interests and
ecosystem attributes including the biodiversity changes.
Contamination of anthropogenic phosphorus and
nitrogen was the factor of eutrophication in freshwater.
Nutrient overload (P and N) will enhance the trophic level
to point detrimental to the ecosystem structure and function
(Xu and Zhang 2012). Both (P and N) are considered as the
major contributors of eutrophication (Vollenweider 1968).
Today, the eutrophication impact is detected in a lentic
waterbody which has a relatively closed circulation such as
a lake and a reservoir. Izmest'eva (2015) states that
eutrophication and rise of temperature are global problems
which give negative impacts on the water biodiversity.
These problems also happen in Indonesia resulted from to
use of lake water body as a part of fish farming and
agricultural development in the catchment area.
The water resources problem globally related to their
sustainability, availability, management, and conservation
(Avans et al. 2012). Freshwater problems in Indonesia are
related to the 7 criteria of lakes degradation: (i)
sedimentation, (ii) pollution, eutrophication, water quality
degradation, (iii) lakes utilization, (iv) a commitment

between government and communities, (v) a lakes strategy
for the national function, (vi) biodiversity (endemic
species) and (vii) a disaster vulnerability. Lake Tondano is
included in the 15 priority lakes to be managed because it
is degraded (Soeprobowati et al. 2016).
Tondano is the main lake on North Sulawesi, Indonesia
covering 44-48 km2 of water area. The lake was an estuary
of the 3 main rivers (Panasen, Noongan, and Wuliling)
which has only a single outlet to the sea (Tondano River).
Lake Tondano has been utilized to support anthropogenic
activities such as freshwater fisheries, tourism, industrial
use, irrigation, and hydropower generation. Fishery using
floating net cages and tourism are the dominant utilizations
of Lake Tondano developed by the local communities
(Nontji 2016).
The number of floating net cages in Lake Tondano was
3500 units which needed approximately 200-300 tons of
feed annually. These fishery activities have increased
organic waste, sedimentation and eutrophication. The
domination of the 3 genera of bacteria in the bottom lake
sediment
namely
Salmonella,
Escherichia
and
Enterobacter will increase the environmental risk
(Sumampouw and Tumbel 2013). The fishery releases an
amount of nutrient rich pollutants (feces, feed waste and
metabolic products). The wastes will change the water
quality through the changes in the community structure of
macrobenthos, the blooming of phytoplankton and the
fluctuation of physical parameter values (Nabirye et al.
2016).
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Sedimentation is a threat for the Lake Tondano
triggered by an increase of the erosion ratio as an effect of
forest conversion. The erosion of the Tondano upstream
reaches 28.86-63.00 ton/ha annually (UNSRAT 2000 in
Nontji, 2016). JICA (2006) stated that 9%-45% of the
catchment area had exceeded the normal erosion ratio. It
has affected 1200 ha of the lake for 20 years period which
threatens the lake sustainability (Nontji 2016). Turangan et
al. (2014) describe another threat for Lake Tondano from
the invasion of water hyacinth (Eichhornia crassipes) as an
impact of nutrient increase.
The objectives of this research were to analyze the Lake
Tondano water quality including pollution and eutrophication. Holistic analyses covering all environmental
components (abiotic, biotic and socioculture) were done.
The research outputs were the pollution and trophic level
which can be used as the basis for the efforts to conserve
the environment. This research also reviewed assessing the
results of the previous research through a holistic study
method.
MATERIALS AND METHODS
Study area
This research was conducted in Lake Tondano and
Tondano River as a single outlet in North Sulawesi
Province, Indonesia. Sampling and bioindicators analyses
(plankton and benthos) were conducted in 2016.

Procedures
Materials
Material of research were documents from the previous
abiotic monitoring, chemical materials for preservation of
bioindicators, identification guidelines of plankton and
benthos, a regulation about class of water (Government
Regulation No 82 the year of 2001).
Data collection
Samples of water were collected from the sampling
station located in a lake outlet, inlet I (Kakas), inlet II
(Paso), inlet III (middle area of lake), inlet IV (Remboken),
area V (superficial middle area), inlet VI (Peloloan), inlet
VII (Tooliangki), inlet VIII (Eris), inlet IX (northern of
lake), a water area near the settlement of Eris and the
Tondano River. Secondary data were collected from
documents of physicochemical parameters monitoring in
Lake Tondano which was conducted in 2015. The data
covered stations inside the lake area (Kakas, Paso, middle
of lake, and Remboken, superficial area, Paleloan, and
Tooliangki), settlements (Eris) and an outlet. Samples of
water were collected compositely based on the depth using
a water sampler for vertical point referring to the SNI
6989.57.2008 chapter 57.
Data analyses
Plankton observation was done using the Sedgwick
Rafter Cell and also the Identification Guidelines. Index of
Diversity was calculated with the Shannon-Weiner formula
(Odum and Barrett 2009) :

NORTH
SULAWESI

Figure 1. Map of Lake Tondano ( ), North Sulawesi, Indonesia and the sampling stations
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Where:
H’ is the diversity index of Shannon-Weiner
ni is the number of a given species (i).
N is total of individuals observed
The diversity index was used in determining the
pollution level of water based on the criteria of Wilhm
(1975) (Table 1).
The level of pollution in Lake Tondano was also
assessed by the value of physicochemical parameters. The
physicochemical parameters were temperature, pH,
dissolved oxygen (DO), total suspended solid (TSS), level
of turbidity, total-N, total-P and chlorophyl-α (Table 2).
The physicochemical parameters of water were then
compared with the standard stipulated in the Government
Regulation No 82 the year of 2001.
The determination of trophic level used the Carlson
formula which uses a value of total-P and the chlorophyll-α
(Carlson 1977).
TSI (Total P) = 14.42 x ln (TP) + 4.15
TSI (CHL)) = 9.81 x ln (Chl A) + 30.6
Where:
TSI (Total-P) was the trophic level based on the value
of total phosphates
TSI (CHL) was the trophic level based on the value of
chlorophyll-α
TP was the value of total phosphates (µg/L)
Chl A was the value of chlorophyll-α (µg/L)
Because the data of Secchi Disk brightness were not
available, the calculation based on brightness value was not
used. The trophic level was determined by averaging Total
P and chlorophyll-α. The categories of trophic level are
shown in Table 3
RESULTS AND DISCUSSION
The bioindicators and the diversity index
The bioindicators identified from water samples were
presented in Table 4. The phytoplankton was dominated by
Navicula and Nitzschia while the zooplankton group was
dominated by Asplachna and Nauplius. The number of
species was evenly distributed in the group of benthos. The
pollution level could be analyzed based on a diversity level.
The diversity index of Shannon-Weiner in each station and
pollution level was shown in Table 5.
Individuals count on each group of aquatic organism
(phytoplankton, zooplankton, and benthos) from all stations
in Lake Tondano were shown in Figure 1.
The results of analyses could determine both the
diversity level in each group of aquatic organism and the
pollution level. Higher diversity of water organism

indicates a good availability and sustainability of resource
to support lives. Pollution can reduce the natural function
of water to support aquatic lives because only certain
species can survive in polluted water. The value of
diversity index was in the range of 1.7-2.1 indicating a
moderate diversity. The evenness index was in the range of
0.75-0.85 indicates that most species in the ecosystem had
relatively the same numbers of individuals. Both indexes
indicated a relatively balanced environment which can
support the lives of aquatic organisms.
Table 1. Classification of pollution level based on the value of
diversity index
Range of ID

Class of water pollution

0< H’<1
1< H’<2
2< H’<3
3< H’<4

Heavily polluted
Moderately polluted
Lowly polluted
Slightly polluted

Table 2. Methods of analyses of physicochemical parameters in
the laboratory
Parameters

Units

Analytics method

Temperatur
TSS
pH
Dissolved oxygen
Total-P
Turbidity
Chlorophyll-α

⁰C
mg/L
mg/L
mg/L
NTU
µg/L

SNI 69-6989.23-2005
SNI 06-6989.3-2004
SNI 06-6989.11-2004
SNI 06-6989.14-2004
APHA M 4500-P.A
Turbidimeter
Spectrophotometer (Aminot and
Rey, 2002)

Table 3. Categories of trophic level based on average of TSI
(Carlson and Simpson 1996)
Average of Trophic State Index (TSI)

Trophic level

TSI < 30
30 < TSI < 50
< TSI < 70
TSI > 70

Oligotrophy
Mesotrophy
Eutrophy
Hypertrophy

Tabel 4. Plankton and benthos found in Lake Tondano Lake
Tondano, North Sulawesi, Indonesia
Species name
Anabaena sp.
Ceratium sp.
Closterium sp.
Cocconeis sp.
Denticula sp.
Euglena sp.
Fragilaria sp.
Gyrosigma sp.
Navicula sp.
Nitzschia sp.
Surirella sp.

Tabellaria sp.
Asplanchna sp.
Astramoeba sp.
Cyclops sp.
Daphnia sp.
Diaptomus sp.
Difflugia sp.
Eubranchipus sp.
Lecane sp.
Nauplius sp.
Notholca sp.

Atopsyche sp.
Bankivia fasciata
Eulalia sp.
Goniobasis sp.
Halesus
Hydropsyche
Leptohypes sp.
Natica stellata
Rhinoclavis asper
Tectarius coronatus
Viviparus
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Figure 2. The number of individuals (following a clockwise) in the group of phytoplankton (A), zooplankton (B) and benthos (C); a
composition on the group of organism in a sample station (D) in Lake Tondano, North Sulawesi, Indonesia

Tabel 5. Results of the analyses of diversity index (H’) and the classification of pollution level in Lake Tondano, North Sulawesi,
Indonesia
Phytoplankton
H’1
E2
Pollution level
Outlet
1.885
0.758
Moderate
Inlet I
1.685
0.678
Moderate
Inlet II
2.215
0.891
Low
Inlet III
1.886
0.759
Moderate
Inlet IV
1.644
0.662
Moderate
Inlet V
1.890
0.761
Moderate
Inlet VI
1.810
0.728
Moderate
Inlet VII
1.733
0.698
Moderate
Inlet VIII
1.905
0.767
Moderate
Inlet IX
2.238
0.901
Low
Eris settlement
1.810
0.728
Moderate
Tondano river
2.154
0.867
Low
Average
1.905
0.766
Moderate
Note: 1 H’: diversity index of Shannon Weiner, 2 E: Eveness
Stations

H’
1.804
1.670
1.454
1.877
1.404
1.920
1.779
1.493
1.841
1.571
1.592
2.141
1.712

Analyses of pollution level based on physicochemical
parameters
Pollution
level
in
physicochemical
(abiotic)
components was determined using the standard stated in
the Government Regulation Number 82, the year of 2001.
Low class indicates a low level of pollution and several
types of uses can be done with the water, meaning a good
quality of water. The data of physicochemical parameters
were monitored by the limnology team of LIPI in 2015

Zooplankton
E
Pollution level
0.783
Moderate
0.725
Moderate
0.631
Moderate
0.815
Moderate
0.610
Moderate
0.834
Moderate
0.773
Moderate
0.649
Moderate
0.800
Moderate
0.682
Moderate
0.691
Moderate
0.930
Low
0.744
Moderate

H’
1.877
2.232
2.194
2.166
2.138
2.112
2.066
2.084
1.861
2.195
1.918
2.196
2.087

Benthos
E
Pollution level
0.755
Moderate
0.898
Low
0.883
Low
0.872
Low
0.860
Low
0.850
Low
0.832
Low
0.839
Low
0.749
Moderate
0.883
Low
0.772
Moderate
0.884
Low
0.840
Low

(Sudarso et al. 2015). The data were collected from
relatively similar stations with the biotic sampling.
Monitoring has been conducted to measure temperatures,
pH, dissolved oxygen, total suspended solids, level of
turbidity, total-N, total-P and the chlorophyll-α. The
appropriateness of use was evaluated based on all
physicochemical variables except for turbidity and
chlorophyll-α because the regulation doesn’t have the
standard for both parameters.
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Table 6. Physicochemical parameters and comparison with quality standard for the water utilization classification in Lake Tondano,
North Sulawesi, Indonesia
Physicochemical parameters
Class of
water *
Temp.
pH
DO
TSS
Turbidity Total-N Total-P Chl-α
Kakas
25.575
7.15
6.325
16.815
38.5
1.405
0.07
2.86
Class II
Paso
25.85
8.05
5.17
16.415
13.55
1.285
0.155
9.965
Class II
Middle of lake
25.785
7.75
4.815
4.335
171.815
1.705
0.13
3.27
Class II
Remboken
26.6
7.6
5.505
7.42
229.59
1.07
0.16
4.085
Class II
Eris
25.485
7.65
3.53
12.735
69.115
0.955
0.14
6.04
< Class II
Superficial area
26.145
7.4
4.36
16.75
12.365
1.605
0.145
7.36
Class II
Paleloan
26.255
7.75
4.925
10.915
18.39
0.675
0.09
6.64
Class II
Tooliangki
26.195
7.35
5.23
11.235
15.04
0.815
0.09
6.07
Class II
Outlet
26.15
7.6
5.875
6.465
25.765
0.575
0.095
5.315
Class II
Note: Sudarso et al. (2015); determination of the class of utilization was based on the standard quality of Government Regulation No. 82
the year of 2001
Station

Table 7. The TSI value at Lake Tondano, North Sulawesi,
Indonesia
Stations

TSI (TP) TSI (Chl-α) Average Category

Kakas
65.41
40.91
53.16 Eutrophy
Paso
76.88
53.15
65.02 Eutrophy
Middle of lake
74.34
42.22
58.28 Eutrophy
Remboken
77.33
44.41
60.87 Eutrophy
Eris
75.41
48.24
61.83 Eutrophy
75.91
50.18
63.05 Eutrophy
Superficial Area
Paleloan
69.04
49.17
59.10 Eutrophy
Tooliangki
69.04
48.29
58.66 Eutrophy
Outlet
69.82
46.99
58.40 Eutrophy
Note: 1Stations is the abiotic sampling stations; 2trophic level
based on the value of total-P; 3trophic level based on the value of
chlorophyll-α.

Analyses of Trophic State Index (TSI)
Trophic level analyses were done using the Carlson
formula to calculate the Trophic State Index (TSI) which
utilizes the value of chlorophyll-α, total-P and the
brightness of Secchi disk. Only the data of total-P and
chlorophyll-α were available in the documents of the
physicochemical monitoring from LIPI (Sudarso et al.
2015). Nevertheless, both data were considered sufficient
to represent the trophic level because of the availability of
chlorophyll-α value. Chlorophyll-α is considered a strong
variable to describe the organic pollution, phytoplankton
blooming and also trophic condition in specific wetlands.
Each of the three elements (Total-P, chlorophyll-α, and
brightness) has a role as an independent estimator, not a
covariate (Carlson 1983).
Discussion
Lake Tondano is an estuary of 12 rivers and 25
tributaries. The BPPT (2008) observed that 3 rivers were
the main contributors to organic pollution at Lake Tondano
namely: Ranoweleng, Panasen, and Leleko. Their
contribution results in the decline of water quality. Lake
outlet located in the north passes Tondano River and ends
in the Manado Bay. Today, Tondano River used as the
source of water supply for local government drinking water
company (PDAM).

Mende et al. (2015) detected the contribution of
domestic waste from 4 villages adjacent to the lake area:
Leleko, Paslaten, Talikuran and Timur, all of which are
located in Remboken Sub-district, Minahasa, North
Sulawesi. The villagers usually dispose of domestic waste
to the water body, and at the same period, their settlement
was affected by the change of lake elevation. In this
condition, the domestic waste will have a greater potency
to float into the intertidal zone of lake.
The depth of Lake Tondano influences water circulation
which in turn affects water quality. Measurement by
Wetlands International-Indonesia Programme (WIIP 2010)
recorded the most shallow area (0-14 m) at the northern
part of lake which was the general depth of the lake area
(72.50%). The deepest area (22-34 m) was located in the
eastern part of lake, which was a narrow area (0.003%),
close to a crowded settlement on the Eris District. The lake
outlet was a shallow area which makes an interference in
the water circulation. The pollutants have a tendency to
settle in deep water in the northern and eastern parts of the
lake. This condition was aggravated by the crowded
settlements which potentially dispose of domestic waste
constantly to the water.
In 2006, Lake Tondano had approximately 3500 units
of floating fish cages. The latest inventory in 2014 showed
an increase of the number, reaching 10.874 units especially
at Eris and Toulimempet. The fisheries produced 30% of
feed wastes and 25-30% feces as the entropy. Most of the
floating fish cages were not equipped with an adequate
waste filter so that wastes sank easily and accumulated as
pollutant, which potentially causes eutrophication (Kusen
et al. 2014).
The bioindicator indicates environmental condition and
their changes periodically through a biological process. A
community's attributes can describe the environmental
stability from the diversity value related to the balance of
population (Holt and Miller 2011). Planktons are ideal
indicators of the change of water system because of their
sensitivity to the fluctuation of environmental condition
(Hemraj et al. 2017) including changes in physicochemical
parameters and anthropogenic pollution especially at
catchment area (Dembowska et al. 2015).
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Phytoplanktons are good bioindicators. The community
of phytoplankton can give accurate information about
water quality, better than the results of nutrient analyses
(Medupin 2011) because they show quick response to the
degradation of environmental quality (Jindal et al. 2014).
Phytoplankton plays an important role in energy transfer at
the lake ecosystem (Darchambeau et al. 2014).
Zooplankton responds to a wide range variation of
environmental changes including the addition of nutrients,
acidification, and input of sediments. Zooplankton also has
a good role as the bioindicators of eutrophication.
Zooplankton is the first consumer in the food chain which
has a significant value for the fishery activities (Ahmad et
al. 2011). In this research, the amount of zooplankton is
lower than that of phytoplankton.
The presence of Navicula as dominant phytoplankton in
Lake Tondano (Figure 2) indicated low-moderate pollution.
The condition was confirmed by the presence of Nitzschia
as the second dominant genus observed. Nitzschia is
phytoplankton with high tolerance to pollution. The
presence of Nitzschia in large number indicates the
potential pollution in the sampling location. This was the
case in Tondano River where Nitzschia group was found
larger than Navicula.
The pollution level based on the diversity of the three
groups of organisms was low-moderate level. The benthos
diversity indicated a low level of pollution in all areas
except in outlet. The outlet passed a settlements area which
has a potential contribution of domestic wastes. The study
resulted in consistent conclusion with similar assessment
using the biodiversity and similarity level.
A different conclusion was observed in approaches of
pollution assessment between benthos and plankton. The
plankton diversity indicated moderate pollution while the
benthos diversity indicated low pollution. This condition
had been predicted as the effects of depth and character of
monitoring stations. Most of the pollutant sediments
accumulated in the specific location. The number of
benthos was even because of their tolerance for a change in
the water quality. Some of macrobenthos have a role as the
filter feeder in the bottom of waterbody, receiving all
materials and waste of feed. The incidence of various level
of pollution in water gives two main impacts. First, poorly
tolerant organisms will move to another location with a
tolerable level of pollution or even became extinct. Second,
highly tolerant organisms will survive, breed and dominate
the polluted environment until the pollution level exceeds
their limit of tolerance.
This research recorded an macrophytes (Eichhornia
crassipes) blooming in all stations except in the middle of
lake. The algal blooming indicated imbalance of nutrients
in the water as an effect of anthropogenic activities inside
the lake (freshwater fisheries in Kakas, Eris, Remboken
and tourism in Remboken) as well as activities around the
lake (domestic activities in Paso, Eris and Paleloan; an
agriculture in Tooliangki; and a riverbank erosion in Kakas
and Tooliangki). Anthropogenic activities contribute to the
abundance of nutrients for the group of producers in water.
The result of physicochemical analyses from composite
samplings at the water surface and bottom of lake are

presented in Table 7. Today, the water of Lake Tondano
was utilized as water supply for local drinking water
company (PDAM) so the quality of it must be high.
According to the Government Regulation No 82, the year
of 2002, the DO value exceeded the pollution threshold of
first-class water (6 mg/L). The water of Lake Tondano was
categorized as 2nd class water, which is suitable for use in
recreation, fisheries, animal husbandry, irrigation and other
utilization with similar standard of water quality. The water
in most of the stations was qualified for the 2nd class water
except in Eris area (station V). The Eris station had a DO
value lower than 4 ppm. A review of water quality standard
based on the Decree of North Sulawesi Governor number
99 the year of 2003 showed the same results. The
regulation declared the suitable utilization of Lake
Tondano water was only for the 2nd class.
Having a high value of DO does not always means that
the water is suitable for a specific function. Research in the
Gajah Mungkur Reservoir showed stability in DO values in
a depressed condition of aquatic environment with high
value of BOD and COD caused by eutrophication. This
research identified similar sources of pollution namely the
domestic and fishery activities. Domestic waste varies with
seasonal changes especially intensity of rain and run off
(Wiryanto 2016).
The trophic state is defined as the total weight of
biological materials (biomass) in a specific location and
period (Negro and Hoyos 2005). Qin et al. (2013) reveal
that lakes eutrophication correlates with an increase of the
elementary biological substances (including nitrogen and
phosphorus) which are needed by plants or groups of
aquatic producers so the increase of nutrients will increase
the productivity of aquatic ecosystem. Akdeniz et al.
(2011) state that blooming of Protista organisms
contributed by anthropogenic and natural activities will
trigger eutrophication. The trophic state can be understood
as a biological response to overcome various factors like
the nutrient increase although the effects are probably
caused by natural conditions. In the TSI Carlson formula,
phytoplankton is represented by chlorophyll-αlthough in
trophic water the chlorophyll-α may come from another
type of producers.
The result of Carlson calculation categorized the trophic
level of lake Tondano’s water as eutrophy category based
on the value of TSI (TP) and TSI (Chl-α). The eutrophy
category indicates a status of water with a high content of
nutrients. This status also indicates excess contamination of
nutrients which affect the level of N and P in water. A
tangible indicator was waterhyacinth blooming in entirely
lake area except in the middle of lake.
The blooming and domination of waterhyacinth were
observed significantly in Lake Tondano according to the
research by Turangan et al. (2014) using a satellite image
and ArcGIS analyses. The plants grew and spread with
high intensity. The area of water hyacinth in Lake Tondano
increased from 130.77 ha (2.82%) in 2006 to 292.66 ha
(6.32%) five years later. The hyacinth area growth ratio
was 32.38 ha annually. The rapidly growing hyacinth is
predicted to become a destructive weed in aquatic
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ecosystem, major cause of the degradation of water quality,
a trigger of eutrophication and a silting factor.
Chlorophyll-α has a important role in the water trophic
calculation than the 3 other factors (Rakocevic and Hollert
2005). Analyses of other nutrients (like N) becomes a
complementary option as comparison to asses a suitability
of trophic level in waterbody. Trophic state index (TSI) of
Chlorophyll-α indicated a moderate level of trophic in Lake
Tondano which had a tendency to be closer to the
hypertrophic condition (20<TSI<50). A hypertrophy refers
to a worse condition of water trophic level indicated by a
blue-green algae blooms, an appearance of algal waste and
macrophyte problems.
Domination of diatoms phytoplankton (Navicula and
Nitzschia) was an indicator of a high trophic condition in
Lake Tondano in addition to the blooming of Eichhornia
crassipes. The diatoms require a high nutrient water than
the availability of abundant light. It makes diatoms difficult
to survive in oligotrophic water (Winder et al. 2009).
Monitoring on biotic component (Figure 2) found a large
amount of plankton and benthos inside the lake area as the
cause of a lentic character, an abundant supply of nutrients
and a more suitable pollutant contents than a river water.
Plankton analyses in the settlement area of Lake
Tondano resulted in inequality between an amount of
phytoplankton and zooplankton. This condition was a
strong indication of nutrient abundance in the settlement
area as the effects of various activities which have
contribution on the trophic level. A primary observation
found that settlement area like Eris was not only utilized
for domestic interests but also developed as a central of
freshwater fisheries using a float net cages. Therefore, this
area produced domestic and fishery wastes which had equal
contribution on the nutrients added.
Review of zooplankton showed a relatively equal
number of the species. Asplachna appeared the most
abundant genus in Kokas, Paleloan, an outlet area and
dense settlements. Asplachna is known as an indicator of
organic pollution (Ahmad 2011) which may cause
eutrophication in lakes. The location with a large amount of
Asplachna had various activities (a river inlet, agriculture, a
freshwater fishery, and settlements) which potentially
contributed large nutrients pollutants.
The abundance of zooplankton generally is not affected
significantly by a level of trophic. Zooplankton has a strong
correlation with a condition of extreme pollution which
impacts physicochemical variables like BOD, DO and pH
(Illyova and Pastuchova 2012) and other temporal
fluctuation. The condition had been observed in lake
Tondano as indicated by an increase of zooplankton
following the rise of eutrophication. This condition was the
effects of available nutrients and a suitable condition of
physicochemical variables.
An alternative method for determining trophic level of
lake is utilizing the total-N value. This approach was
introduced by Kratzer and Brezonik (1981), formulated
below (Gupta 2014): TSI (TN) = 54.54 + 14.43ln(TN).
Where, TSI (TN) is total state index based on a calculation
of total-N, TN is total N (mg/L). Kratzer and Brezonik
classify the TSI (TN) value into 4 classes with TSI
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(TN)<20 being ultraoligotrophic, 30<TSI (TN)<40
oligotrophic, 53<TSI<60 eutrophic and TSI (TN)>70
hypertrophic (Harper 1992). Calculation of TSI (TN) in
Lake Tondano resulted in a range of value of 46.55<TSI
(TN)<62.24 categorized as eutrophic according to the
classification of Kratzer-Brezonik. The result of TSI (TN)
analyses was similar to the trophic level analyses with the
Carlson method.
Pollution and trophic status in Lake Tondano showed a
dangerous trend on the sustainability of water. Pollution
mostly resulted from nutrient overload which increased
water trophic level. Anthropogenic utilization like
freshwater fisheries also threatened the lake with
eutrophication. The eutrophication will disturb the stability
of the zooplankton community which is the key factor in
the fishery productivity in the future. In Lake Tondano,
pollution and eutrophication were the results of various
activities in and around the lake. Eutrophication increases
naturally in a long period with the anthropogenic activities
as the boosting factor of this process.
This research found conformity between the analyses of
bioindicators and physicochemical parameters with regard
to pollution and trophic level. Lake Tondano showed lowmoderate pollution with a suitable utilization for the 2nd
class of water (except for Eris station). Tondano River had
worse pollution indicated by the presence of Nitzschia as
the dominant phytoplankton. The analyses of trophic level
using the Carlson method, the Kratzer Brezonik method
and the study on bioindicators showed results indicating
moderate eutrophic status which could become
hypertrophic if the anthropogenic activities are
uncontrolled. A key bioindicator of low pollution in lake
Tondano was Navicula while Nitzscia was an indicator of
low pollution in Tondano River and Navicula, Nitzschia
(phytoplankton), Asplachna (zooplankton) and Eichhornia
crassipes (macrophytes) were indicator of eutrophication.
The prevention of increase of trophic level in The
LakeTondano can be done with revegetation on the green
belt area. This effort will reduce soil erosion and run off
ratio, especially from agriculture, settlements and other
land use activities. Pollution can be reduced by strict
regulation and construction of a communal waste water
installation. An important aspect is empowerment of
community role in lake management utilizing the local
wisdom. These efforts not only involve local communities
but also global communities receiving the economic profit
from Lake Tondano.
The floating fish cages should get large attention
because they give significant contribution to the pollution
and trophic level. The growth of floating fish cages should
be regulated and restricted to give a recovery time on Lake
Tondano. The efforts can be started with reducing the
amount of waste by modification of feed type and dosage,
improvement on filtering ability, adjustment of the cleaning
period and also selection of the fish species. Junaidi et al.
(2014) observed an increasing amount of water pollution as
impacts of the fishery waste using mass mortality of fish.

B I O DI VE RS I T A S 19 (3): 867-874, May 2018

874
REFERENCES

Ahmad U, Parveen S, Khan AA, Kabir HA, Mola HRA, Ganal AH. 2011.
Zooplankton Population in Relation to Physico-Chemical Factors of
A Sewage Fed Pond of Aligarh (UP), India. Biology and Medicine 3
(2) Special Issue: 336-341
Akdeniz S, Karaer F, Katip A, Aksoy E. 2011. A GIS based Method for
Shallow Lake Eutrophication Assesment. J Biol Environ Sci 5 (15):
195-202
American Public Health Association. 1992. APHA Method 4500-P :
Standard method for the examination of water and wastewater (A.
Phosporus)
Aminot, A, Rey, F. 2002. Standard procedure for the determination of
chlorophyll a by spectroscopics method. International Council for The
Exploration of The Sea
Avans AEV, Hanjra MA, Jiang Y, Qadir M, Dreschel P. 2012. Water
Quality: Assesment of the Current Situation in Asia. Water Res Dev
28 (2): 195-216.
Badan Standardisasi Nasional. 2004. SNI 06-6989.3-2004 : Cara uji
padatan tersuspensi total (Total Suspended Solid, TSS) secara
Gravimetri
Badan Standardisasi Nasional. 2004. SNI 06-6989.11-2004 : Air dan air
limbah-Bagian 11 : Cara uji derajat keasaman (pH) dengan
menggunakan alat pH meter
Badan Standardisasi Nasional. 2004. SNI 06-6989.14-2004 : Air dan air
limbah-Bagian 14 : Cara uji oksigen terlarut secara yodometri
Badan Standardisasi Nasional. 2005. SNI 06-6989.23-2005 : Air dan
limbah – Bagian 23 : Cara uji suhu dengan termometer
Badan Standardisasi Nasional. 2008. SNI 06-6989.23-2008 : Air dan
limbah – Bagian 57 : Metoda pengambilan contoh air permukaan
Qin BQ, Gao G, Zhu GW, Zhang ZL, Song ZY, Tang XM, Xu H, Deng
JM. 2013. Lake eutrophication and ecosystem response. Chinese Sci
Bull 58 (9): 961-970.
Carlson RE, Simpson J. 1996. A Coordinators Guide to Volunteer Lake
Monitoring Methods. North American Lake Management Society,
Madison, Wisconsin.
Carlson RE. 1977. A Trophic State Index for Lakes. Limnol Oceanogr 22
(2): 361-369.
Carlson RE. 1983. Discussion on “Using Differences Among Carlson’s
Trophic State Index Values in Regional Water Quality Assesment” by
Richard Osgood. Water Resour Bull 19: 307-309.
Chalar G, Arocena R, Pacheco JP, Fabian D. 2011. Trophic assessment of
streams in Uruguay: A Trophic State Index for Benthic Invertebrates
(TSI-BI). Ecol Indicat 11: 362-369.
Darchambeau F, Sarmento H, Descy JP. 2014. Primary production in a
tropical large lake: The role of phytoplankton composition. Sci Total
Environ 473-474: 178-188.
Dembowska EA, Napiorkowski P, Mieszczankin T, Josefowitz S. 2015.
Planktonic indices in the evaluation of the ecological status and the
trophic state of the longest lake in Poland. Ecol Indicat 56: 15-22.
Dodson SI, Arnott SE, Cottingham KL (2000) The relationship in lake
communities between primary productivity and species richness.
Ecology 81(10): 2662–2679.
Effendi H. 2016. River water quality preliminary rapid assessment using
pollution index. Procedia Environ Sci 33: 562-567.
Government of Republic Indonesia Regulation Number 82 the Year of
2001 about “Water Quality Management and Pollution Control”
Gupta M. 2014. A New Trophic State Index for Lagoon. J Ecosyst 2014
article 152473. DOI: 10.1155/2014/152473
Harper D. 1992. Eutrophication of Freshwater: Principles, Problems and
Restoration. Springer, Dordrecht.
Hemraj DA, Hossain MdA, Ye Q, Qin JQ, Leterme SC. 2017. Plankton
Bioindicators of Environmental Conditions in Coastal Lagoons.
Estuarine Coastal and Shelf Science 184 (2017): 102-114. DOI:
10.1016/j.ecss.2016.10.045
Holt EA, Miller SW. 2011. Bioindicators: Using Organisms to Measure
Environmental Impacts. Nature Educat Knowl 2 (2): 8.

Illyova M, Pastyuchova Z. 2012. The zooplankton communities of small
water reservoirs with different trophic conditions in two catchments
in Western Slovakia. Limnologica 42: 271-281.
Ismest’eva LR, Moore MV, Hampton SE, Ferwerda CJ, Gray DK, Woo
KH, Pislegina HV, Kraschuk RS, Shimaraeva SV, Silow EA. 2015.
Lake-wide Physical and Biological Trends Associated With Warming
in Lake Baikal. Journal of Great Lakes Research 42: 6-17.
Jindal R, Thakur RK, Singh UB, AS Ahluwalia. 2014. Phytoplankton
dynamics and water quality of Prashar Lake, Himachal Pradesh India.
Sustain Water Quality Ecol 3-4: 101-113.
Junaidi, Syandri H, Azrita. 2014. Loading and distribution of organic
materials in Maninjau Lake West Sumatra Province, Indonesia. J
Aquac Res Dev 5: 278. DOI:10.4172/2155-9546.1000278.
Kusen DJ, Marsoedi, Kusuma Z, Tamod Z. 2014. Environmental friendly
foods in the cultivation of floated net cages at Tondano Lake in North
Sulawesi Province. Scholars Acad J Biosci 2 (12A): 877-881.
Medupin C. 2011. Phytoplankton community and their impact to the water
quality: An analyses of Hollingsworth Lake, UK. J Appl Sci Environ
Manag 15 (2): 347-350
Mende JCC, Kumurur VA, Moniaga LL. 2015. Kajian sistem pengelolaan
air limbah pada permukiman di kawasan sekitar Danau Tondano
(Studi Kasus: Kecamatan Remboken Kabupaten Minahasa. Jurnal
Sabua 7 (1): 395-406. [Indonesian]
Nabirye H, Mwebaza-Ndawula L, Bugenyi FWB, Muyodi FJ. 2016. The
evaluation of cage fish farming effects om water quality using
selected benthic macro-invertebrate community parameters in the
Napoleon Gulf, Northern Lake Victoria. Intl J Fish Aquat Stud 4 (1):
42-50.
Negro AI, Hoyos C De. 2005. Relationships Between Diatoms and The
Environment in Spanish Reservoir. Limnetica 24 (1-2): 133-144
Nontji A. 2016. Danau Tondano. Pusat Penelitian Limnologi LIPI,
Cibinong, Bogor.
Odum, EP, Barrett, GW. 2009. Fundamentals of Ecology, 5th ed, Cengage
Learning, Melbourne
Rakocevic ND, Hollert H. 2005. Phytoplankton community and
chlorophyll-α as trophic states indices of Lake Skadar (Montenegro,
Balkan). Environ Sci Pollut Res Int 12 (3): 146-152.
Soeprobowati TR, Tandjung SD, Sutikno Hadisusanto S, Gell P,
Hadiyanto, Suedy SWA. 2016. The water quality parameters
controlling diatoms assemblage in Rawapening Lake, Indonesia.
Biodiversitas 17 (2): 657-664.
Sudarso J, Imroatussholikhah, Muit. 2015. Komunitas makrozoobentos di
dua tipe mikrohabitat Danau Tondano. Jurnal Oseanologi dan
Limnologi Indonesia 1 (3): 329-340. [Indonesian]
Sumampouw HM, Tumbel FM. 2013. Identification bacterial genus from
floating net sediment in Tondano Lake in Biology Learning of
Biology Students in FMIPA UNIMA. Journal of Education and
Practice 4 (26): 81-86.
Turangan TMB, Leksono AS, Soemarno, Arfiati D. 2014. Innovation of
water hyacinth (Eichhornia crassipes) in the surface water of
Tondano Lake. Intl J Curr Res 6 (3): 5470-5476.
Vollenweider RA. 1968. Scientiﬁc Fundamentals of the Eutrophication of
Lakes and Flowing Waters with Particular Reference to Nitrogen and
Phosphorus as Factors in Eutroﬁcation. Organisation for Economic
Co-operation and Development, Paris.
WIIP. 2010. Laporan Survey Danau Tondano. Wetlands International
Indonesia Programme (WIIP), Bogor. [Indonesian].
Winder M, Reuter JE, Schladow SG. 2009. Lake Warming Favours Small
Sized Planktonic Diatom Species. Proc R Soc B 276: 427-435.
Wiryanto. 2016. Spatial and temporal description of water pollution status
of Gajah Mungkur Reservoir Central Java, Indonesia. Biodiversitas
17 (2): 894-899.
Xu J, Zhang M. 2012. Primary consumers as bioindicators of nitrogen
pollution in lake planktonic and benthic food webs. Ecol Indicat 14:
189-196.

BIODIVERSITAS
Volume 19, Number 3, May 2018
Pages: 875-887

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190316

Bazzania Gray (Lepidoziaceae, Marchantiophyta) in Central Java,
Indonesia
1

2

LILIH KHOTIMPERWATI1.2,♥, RINA SRI KASIAMDARI2,♥♥, SANTOSA2, BUDI SETIADI DARYONO2

Department of Biology, Faculty of Sciences and Mathematics, Universitas Diponegoro. Jl. Prof. Soedharto, Tembalang, Semarang 50275, Central Java,
Indonesia. Tel./fax.: +62-024-76480923, ♥email: lilih@undip.ac.id
Department of Tropical Biology, Faculty of Biology, Universitas Gadjah Mada. Jl. Teknika Selatan, Sekip Utara, Sleman 55281, Yogyakarta, Indonesia.
Tel./fax.: +62-274-546860, ♥♥email: rkasiamdari@ugm.ac.id
Manuscript received: 20 February 2018. Revision accepted: 21 April 2018.

Abstract. Khotimperwati L, Kasiamdari RS, Santosa, Daryono BS. 2018. Bazzania Gray (Lepidoziaceae, Marchantiophyta) in Central
Java, Indonesia. Biodiversitas 19: 875-887. Bazzania has the largest species of the family Lepidoziaceae (Marchantiophyta). This genus
is abundant in the moist montane forest. Diversity of Bazzania in Java insufficiently reported, especially publications about its diversity
in Central Java have never been reported. Therefore this study aimed to explore the diversity of Bazzania in Central Java. Studies of the
Bazzania were based on the specimens collected from three mountains in Central Java, i.e. Mt. Lawu, Mt. Ungaran and Mt. Slamet. The
observation in the laboratory was done based on the morphological and anatomical feature of the stem, lateral leaf, underleaves
(amphigastria) and microphyll. Identification of the species used the existing literature that contains key identification, description or
illustration of the Bazzania. Eleven species of Bazzania were identified from Central Java, namely Bazzania calcarata, B. japonica, B.
javanica, B. pectinata, B. praerupta, B. serpentina, B. spiralis, B. tridens, B. fauriana, B. perfalcata and B. succulenta. Three new
record species, namely B. fauriana, B. perfalcata and B. succulenta are reported for Java. This result is the first report of Bazzania in
part of Central Java.
Keywords: Bazzania, Marchantiophyta, diversity, Central Java, Indonesia

INTRODUCTION
Bazzania Gray is one of the leafy liverworts in the
family Lepidoziaceae, subfamily Bazzanioidea. Bazzania
can be differentiated from the other genera based on
morphological features such as terminal branch
pseudodichotomous (like a Y-shaped resembles
dichotomous branch), long flagelliform branch arising from
underleaves and minute leaves resembling scales
(microphyll), lateral leaves incubously on the stem, 2-3
toothed leaf apex, a large ventral leaf (amphigastrium=
underleaf) (Gradstein et al. 2001; Meagher 2006; Cheah
and Yong 2016; Gradstein 2017). Identification at the
species level in the genus often has difficulty, because of
its high variability of morphological characters. Variations
of morphological characters are affected by the
environment factors, especially microclimate, such as light
intensity, humidity and ambient temperature (BerneckerLucking 1999; Zhou et al. 2012; Gradstein 2017).
The habitat of Bazzania in the wild population is
commonly on the bark, moist soil, and rock covered with
hummus. Bazzania grows like a carpet at the bottom of the
tree as well as thick turfs on trees and branches from the
canopy. Bazzania can be found from the lowlands to the
foggy in the high mountains at altitude 1300 m asl.,
abundant in the forests in the moist zones of Montana
(Kitagawa 1977; Gradstein et al. 2001).
Bazzania is the largest genus in Lepidoziaceae with
about 100 accepted names of species in the worldwide

(Gradstein et al. 2001; Gradstein 2017). The number of
species is predominantly in the tropics and southern
hemisphere. Several data about the diversity of Bazzania in
Indonesia have been recorded. In Borneo, Bazzania is
represented by 14 species (Menzel 1988), seven species
from Celebes (Gradstein et al. 2005), and 40 species from
Sumatra (Schiftner 1898; Evans 1933; Meijer 1960;
Kitagawa 1967; Sari 2015; Lestari and Ariyanti 2017).
Recent explorations in Sumatra show five new recorded of
Bazzania species, namely Bazzania horiidula, B.
oshimensis, B. adnexa, B. angustifolia f. paupera and B.
fauriana. The three last species (B. adnexa, B. angustifolia
f. paupera and B. fauriana) are also new records of the
region of Malesiana (Lestari and Ariyanti 2017).
Central Java has many mountains as the habitat of
Bazzania. However, the research and exploration of
liverworts especially Bazzania are very limited. Meijer
(1960) noted that in Java, there were 26 species and almost
of species collected from West Java, only one species has
reported from Central Java (Mt. Lawu), namely B. tridens.
Soderstrom et al. (2010) made a checklist of the hornworts
and liverworts of Java, there were 34 species of Bazzania.
Meanwhile, according to Gradstein (2011) in the guide to
the liverworts and hornworts of Java, there are 29 species
of Bazzania. The species are B. angustisedens, B.
calcarata, B. commutata, B. densa, B. desciscens, B. erosa,
B. fallax, B. fleischeri, B. gedeana, B. grandiretis, B.
horridula, B. indica, B. intermedia, B. japonica, B.
javanica, B. linguiformis, B. longicaulis, B. loricata, B.
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manillana, B. paradoxa, B. pectinata, B. praerupta, B.
serpentina, B. spiralis, B subtilis, B. tridens, B. uncigera,
B. vittata, B. zollingeri. Furthermore, information about of
species of Bazzania in Central Java has never been
reported, so that the research on the diversity of Bazzania
in Central Java is necessary to be done. This study is
expected to complement the liverworts, especially of
Bazzania data in Java.

MATERIALS AND METHODS
Study area
Based on the literature, the diversity and distribution of
Bazzania in Java, they were distributed at 1.000-2.500 m
asl. (Meijer, 1960), or the tropics to the montane zone
(Steenis, 1972). Bazzania was collected from three
mountains in Central Java (Mt. Lawu, Mt. Ungaran, and
Mt. Slamet), the locations represents the distribution of
Bazzania in Central Java. The exploration for collecting
Bazzania at Mt. Lawu was carried out in May 2015,
conducted was primarily in the climbing track of Cemara
Kandang, is located at 1910-2576 m asl. 07o39'833"07o38'21.0" S 111o11'511"-111o11'00.0" E, with
temperature 15.9-22.5oC, humidity 54.6-91.7%. The
exploration for collecting Bazzania at Mt. Ungaran was
carried out in May 2015, conducted was primarily at
around of mount peak, is located at 2040 m asl.,
07o11'03.0"S 110o20'87.9" E, with temperature 22-23 C,
humidity 55.1-74%. Meanwhile the exploration for
collecting Bazzania at Mt. Slamet was carried out in
September 2015, conducted was primarily in the climbing

A

track of Baturaden, Purwokerto, is located at 931-1941 m
asl., 07o16’22.5”-07o18’17.8” S 109o12'14.1"-109o12'38.6"
E, with temperature 18.1-28.2oC, humidity 50.7-91.8%.
(Figure 1).
Sampling collection and identification
The Bazzania collection at each location was conducted
by purposive sampling method. The samples were taken at
locations that can be reached along the climbing track at
the Mt. Lawu, Mt. Ungaran and Mt. Slamet. Liverworts
with Bazzania characters were taken from various
substrates (trees, decayed wood, soil, and rocks). Each
different specimen collected were packed separately as
much as possible. Samples collected were put into paper
envelopes. In each envelope is given: collection number,
collector name, date, location, and habitat samples. The
morphological characters in the field were observed using a
hand lens and noted.
Characterization of herbarium specimen was conducted
by observing the morphological and anatomical feature of
gametophytes using light microscope at 40x to 1000x
magnification and optilab. The feature observed was the
stem, lateral leaf, underleaves (amphigastria) and
microphyll. Identification of species was made by
comparing the results of characterization with identification
key, description and illustration in the following literatures,
such as: Evans (1933), Hattori and Mizutani (1958), Meijer
(1960), Kitagawa (1967,1977, 1979, 1980), Mizutani
(1967), Pόcs (1969), Mizutani and Chang (1986), Gradstein
(2011), Zhou et al. (2012), Meagher (2015), Cheah and
Yong (2016), and Bakalin (2016).

B

Figure 1. The study area of Bazzania diversity: A. Mt. Lawu, B. Mt. Slamet, C. Mt. Ungaran, Central Java, Indonesia. Note:
Bazzania site collection

C
=

KHOTIMPERWATI et al. – Bazzania (Marchantiophyta) in Central Java, Indonesia

The specimen has been identified and named then
confirmed to www.theplantlist.org and www.gbif.org. The
species description is accompanied by distribution
information based on the literature. The specimens were
stored in the herbarium of Laboratory of Plant Systematics
(LabPS), Faculty of Biology, Universitas Gadjah Mada,
Yogyakarta, Indonesia.

RESULTS AND DISCUSSION
A total of 37 sheets of herbarium specimens have been
collected from the fieldwork, 16 samples from Mt. Lawu,
five samples from Mt. Ungaran and 16 samples from Mt.
Slamet. The results showed no sporophytes or
gametangium (archegonium and antheridium). Therefore,
morphological and anatomical characterization refers to the
vegetative character of the gametophyte.
Bazzania
has
characteristic
features:
pseudodichotomous lateral branching, leaves incubous,
almost leaf apex with tridentate, large underleaves, and has
long branching ventral flagelliformis. Morphological
variation of leaves includes dorsal leaf insertion, shape,
size, margin, leaf apex (tooth), the presence of appendages
or auricles and leaf cells. Underleaves morphological
variation is the arrangement, attachment with stem,
attachment with leaves, shape, base, apex, size, cells and
the presence of auricles. Meanwhile, a variation of
microphyll is basal, margin and apex.
Based on the characterization of 37 herbarium
specimens can be identified 11 species of Bazzania. Eight
species of which are previously known as Java, namely B.
calcarata, B. japonica, B. javanica, B. pectinata, B.
praerupta, B. serpentina, B. spiralis and B. tridens.
Identification also gets three new recording species for
Bazzania in Java, that is B. fauriana, B. perfalcata and B.
succulenta. This distribution of species is three species
from Mt Lawu, namely B. tridens, B. praerupta and B.
japonica; four species from Mt Ungaran, namely B.
fauriana, B. praerupta, B. serpentina and B. tridens, eight
species from Mt. Slamet, namely B. calcarata, B. fauriana,
B. javanica, B. pectinata, B. perfalcata, B. spiralis, B.
succulenta and B. tridens. Thus the results of this study
provide additional records of Bazzania diversity in Java.
Meanwhile, for Central Java, the research is the first report
on Bazzania diversity.
Based on the results of the characterization, the key to
species can be created, to further facilitate the recognition
of Bazzania in Central Java.
Key to the species Bazzania in Central Java, Indonesia
1a. Dorsal leaf insertion on the stem oblique, extending
beyond and overlapping on the median line of the stem.
Dorsal and ventral base of lateral leaf subcordate to
cordate, ventral base of leaf rounded
..................
1b. Dorsal leaf insertion on the stem straight or extending
beyond on the median line of the stem but not
overlapping. Dorsal and ventral base of leaf subcordate,
ventral base of leaf simple
...........................................

2

9

2a. Leaves distichous, leaf margin entire, fragile or not .........
2b. Leaves sub or opposite, leaf margin serrulate, fragile ....
3a. Underleaf inserted transversal or arched, underleaf
rectangular
........................................................
3b. Underleaf inserted arched, underleaf not rectangular
.................................................... .................................
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3
7
4
5

4a. Leaf plane, dorsal and ventral base of leaf with few sharp
teeth. Teeth of leaf apex long, acute to acuminate,
occasionally hooked and easily broken off. Underleaf
inserted arched, base with dentate auricles ......
B. calcarata
4b. Leaf incurved, ventral base rounded, the teeth of leaf
apex mostly large, acute to acuminate. Underleaf
inserted transversal
.......................................... B. fauriana
5a. Leaf with posterior of tooth long, acute, occasionally
finger likes. Basal underleaf not auricle, mostly
chlorophyllous cells with hyaline cells at the apex and
reflexed. Microphyll apex acuminate ................... B. serpentina
5b. Leaf with posterior of the tooth not acute. Basal
underleaf with auricle, apex not reflexed, chlorophyllous
cells. Microphyll toothed
............................................
6
6a. Dorsal margin of leaf very arched, lateral apex mostly
acute with tridentate, the teeth divergent, mostly long,
caudate, and easily broken off. Median leaf cells
elongate hexagonal with large trigone, nodulose.
Underleaf contiguous to imbricate, large orbicular with
strongly cordate base
....................................... B. praerupta
6b. Dorsal margin of the leaf is slightly arched, the teeth
acute to acuminate. Median leaf cells rectangular with
small trigone, not nodulose. Underleaf distant,
reniformis, with auricles at underleaf base ............ B. javanica
7a. Stem size large (across in diameter > 14 cells). Leaf
ovate-triangular, basal ventral of the leaf with small
auricles, leaf cell with large trigone, nodulose, confluent,
underleaf base cordate
...............................................
8
7b. Stem size median (across the diameter 10-14 cells), leaf
falcate-linear, basal ventral of lateral leaf no auricles,
leaf cell with median trigone, not nodulose, not
confluent, underleaf base straight .................... B. perfalcata
8a. Leaf apex rounded with indistinctly tridentate, at the
teeth with accessory minute denticulation. Underleaf
distant or contiguous, connate with basal leaf ....... B. spiralis
8b. Leaf apex rounded, serrulate, not dentate, the ventral
base margins of leaf arched and at the middle, there are
constricting. Underleaf contiguous-imbricate, not
connate but very close with basal leaf .............. B. succulenta
9a.Underleaf mostly reflexed at the apex, irregularly dentate,
the teeth acute, the margin mostly sinuate-angular and
often denticulate; underleaf cells chlorophyllous .. B. japonica
9b.Underleaf not reflexed at the apex, truncate or
emarginate, margin not denticulate, underleaf cells
chlorophyllous or most hyaline cells ...............................
10
10a. Lateral leaf lanceolate, long-wide ratio of leaf > 2,5.
Underleaf cells chlorophyllous. Microphyll margin entire
............................................................................ B. pectinata
10b. Lateral leaf ovate-oblongs, long-wide ratio of leaf < 2,5.
The underleaf cells almost composed of hyaline cells,
chlorophyllous cells only at the basal underleaf.
Microphyll margin emarginate.................. ............. B. tridens
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Description and taxonomy
The detailed description, synonyms, distribution, and
figure of Bazzania in the three mountains (Mt. Lawu, Mt.
Ungaran and Mt. Slamet) in Central Java are provided
below.
Bazzania calcarata (Sande Lac.) Shiffn.
Bazzania calcarata (Sande Lac.) Shifffn., Consp.
Hepat. Archip. Indici 149 (1898). Figure 2.A-H
Synonym: Mastigobryum calcaratum Sande Lac., Ann.
Mus. Bot. Lugduno-Batavi 1: 304, 1864 (Sande Lacoste
1864).
Description: Plant green-brownish, robust, 2.96-3.43
mm wide, branching lateral pseudodichotomous, divergent
at 83.2o-9.24o. Stem ellipsoid in cross-section, about 14
thick cells, 0.24-0.26 mm across in diameter, stem circle 34
cells, merophyte ventral 12-13 cells. Leaves distichous,
incubous, obliquely inserted but not overlapping on the
median line of the stem, distant to weakly imbricate
basally, divergent at 82.7o-9.6o with the stem;
asymmetrical, falcate, lanceolate-ovate, 1.41-1.83 mm
long, 0.57-0.86 mm wide, long/wide ratio 2.4-2.9;
narrowed toward the apices, the dorsal base subcordates,
the ventral base inflated with a few sharp teeth (Figure
2.C); the dorsal margin entire to weakly repand at distal of
leaf; the apex mostly acute with deeply tridentate,
sometimes bidentate, the teeth mostly long, acute to
acuminate, occasionally hooked and easily broken off, the
anterior tooth 4-6 cells long, 3-4 cells wide, the median
tooth 5-7 cells long, 4-7 cells wide, the posterior tooth 4-5
cells long, 3-5 cells wide, sinus between teeth sharply such
as the letter V; leaf-cells 37.00-44.86 x 23-27.85 µm in the
base, 35-54.86 x 16.87-18.44 µm in the middle, 34-36.53 x
22-23.88 µm near the apex; trigones very large, 15-17 x
11-16 µm, strongly nodulose, confluent (Figure 2.H).
Underleaf distant, inserted arched upward (Figure 2.F),
plane, rectangular, 0.4-0.5 mm long, 0.26-0.4 mm wide,
long/wide ratio 1.09-1.12, larger from the stem, at the base
arising irregularly toothed auricle, the whole margin
lobulated dentate (Figure 2.G); underleaf cells
chlorophyllous. Microphyll at the flagellae oblong, 165.3166.0 µm long, 132.48-135.71 µm wide, basal transverse,
margin entire, apex dentate (Figure 2.E).
Specimen examined: Indonesia: Java: Central Java: Mt.
Slamet, 1500-1697 m asl., terrestrial, September 2015. L.
Khotimperwati S8 and S15.
Distribution: New Guinea, Borneo, Java, Sumatra,
Malaya, Philippines, Malacca (Stephani 1909; Meijer 1960;
Soderstrom et al. 2010; Petiot 2011), New Guinea,
Philippines (Kitagawa 1979).
Note: This species is distinguished from others species
by the ventral base of leaf inflated with sharp teeth, the
whole margin of underleaf lobulated dentate, and at the
base arising irregularly toothed auricle. B. calcarata have
underleaf resembles B. fauriana and B. japonica (Figure
3.D and 4.C).
Bazzania fauriana (Steph.) S.Hatt.
Bazzania fauriana (Steph.) S.Hatt., Bot. Mag. (Tokyo)
59 (693/694): 27, 1946 (Hattori 1946). Figure 3.A-E.

Synonym: Mastigobryum faurianum Steph., Bull. Herb.
Boissier (sér. 2) 8 (11): 843 (467), 1908 (Stephani 1908a);
B. nodulosa Horik., J. Sc. Hiroshima Univ.ser.b, div.
2,2:199 (1934); Hatt., Bull. Tokyo Sc. Mus. 11: 18 (1944);
B. kiushiana Hatt., Bull. Tokyo Sc. Mus. 22: 19 (1944); B.
aequitexta Herz., J. Hatt. Bot. Lab. 14: 41 (1955).
Description: Plant yellowish-green, subrobust to robust,
2.7-3.15 mm wide, branching lateral pseudodichotomous,
inclined to divergent at 58.09o-94.75o. Stem ellipsoid in
cross-section, about 10 thick cells, 0.23-0.26 mm across in
diameter, stem circle 25 cells, merophyte ventral 7-8 cells.
Leaves fragile, distichous, incubous, the dorsal insertion
oblique and overlapping on the stem, imbricate, inclined to
divergent at 63.9o-99.8o with the stem, deflexed,
asymmetrical, falcate, lanceolate-ovate to sublinear
(Figure 3.B), 1.46-2.12 mm long, 0.55-0.91 mm wide,
long/wide ratio 2.5-2.7; the base of leaf strongly arched,
narrowed toward the apices; the dorsal base cordates; the
ventral base rounded; the margin dorsal leaf entire to
weakly repand at distal leaf; the apex mostly acute with
tridentate, sometimes bidentate, the teeth mostly large,
acute to acuminate, the anterior tooth 2-3 cells long, 2-3
cells wide, the median tooth 4-7 cells long, 3-6 cells wide,
the posterior tooth 4-5 cells long, 4-5 cells wide, the sinus
between teeth lunulate; leaf cells rectangular to hexagonal
to isodiametric, 39.32-42.63 x 21.69-25.08 µm in the base,
31.90-39.06 x 9.65-22.12 µm in the middle, 29.19-32.59 x
23.01-23.16 µm near the apex; trigones large, 8.56-11.35 x
7.28-9.7 µm, strongly nodulose, confluent. Underleaf
contiguous to overlap (Figure 3.A), transversely inserted;
incurved, usually connate at the base with one side of the
lateral leaf, fragile lengthwise, widely oblong to
rectangular, 0.54-1.03 mm long, 0.45-0.77 mm wide,
long/wide ratio 1.17-1.39; larger from the stem, sometimes
twice as wide as the stem, adaxially convex, sharp dentate
at the apex, the whole margin lobulate-sharp dentate
(Figure 3.D); underleaf cells chlorophyllous. Microphyll at
flagellae ovate, 166-242 µm long, 136.34-177.18 µm wide,
basal transverse, margin entire, apex dentate (Figure 3.E).
Specimen examined: Indonesia: Java: Central Java: Mt.
Ungaran (2040 m asl.) on the base of a tree, Mt. Slamet
(1500 m asl.), terrestrial; May-September 2015. L.
Khotimperwati, S7 and U3.
Distribution: Hongkong (So and Zhu 1996), China,
Japan, Taiwan, Vietnam (Mizutani and Chang 1986; Pόcs
1969; Luong and Ho 2013), Sumatra (Lestari and Ariyanti
2017), Java (Central Java, a new record).
Note: This species is a new record in Java, collected
from Mount Slamet at 1500 m asl. on terrestrial. B.
fauriana was also reported in Gunung Leuser National
Park-Sumatra as a new record from Malesiana regions
(Lestari and Ariyanti 2017). B. fauriana resembles B.
japonica, but underleaf of B. fauriana not reflexed at apex,
underleaf is more rectangular than B. japonica. B. fauriana
is differentiated to the other species by sublinear leaf,
amphigastria large, the whole margin and apex lobulatesharp dentate, leaf cells and underleaf cells with large and
nodulose trigones. Distribution of B. fauriana is limited to
montane forests.
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Bazzania japonica (Sande Lac.). Lindb.
Bazzania japonica (Sande Lac.) Lindb., Acta Soc. Sci.
Fenn. 10: 224, 1872 [1873] (Lindberg 1872b). Figure 4.A-E.
Synonym: Mastigobryum japonicum Sande Lac., Ann.
Mus. Bot. Lugduno-Batavi 1: 303, 1864 (Sande Lacoste
1864). B. zhekiangensis Chang, Bull. Bot. Res. 4 (3): 86-87
(1984)
Description: Plants green to olive green, phylliform to
robust,
2.1-3.5
mm
wide,
branching
lateral
pseudodichotomous, divergent at 80o-100o. Stems
suborbicular to elliptical in cross-section, about 12 thick
cells, 0.19-0.24 mm across in diameters, stem circle 26
cells, merophyte ventral 9-12 cell. Leaves subopposite to
opposite, incubous, imbricate, divergent at 75.50o-93.50o
with the stem; the dorsal leaf insertion is oblique but not
extending beyond the median line of the stem, plane;
asymmetrical, falcate, ovate to oblong, 1.2-1.65 mm long,
0.54-0.87 mm wide, long/wide ratio 1.7-2.2; the dorsal
base subcordate, the margin dorsal leaf entire to weakly
repand; wide at basal, narrowed and truncate-tridentate at
apex, sometimes 2-4 teeth, the teeth triangular, acute to
acuminate, sometimes with additional teeth, the anterior
tooth 4-7 cells long, 4-7 cells wide, the median tooth 4-6
cells long, 3-7 cells wide, the posterior tooth 3-6 cells long,
3-6 cells wide, sinus lunulate but sometimes deeply such as
the letter V; leaf cells quadrate to rectangular, 36.66-49.33
x 21.35-33.63 µm in the base, 34.17-44.46 x 17.68-24.62
µm in the middle, 21.69-30.32 x 15.99-20.68 µm near the
apex, trigones small to medium, 4.5-9.27 x 3.5-6.1 µm,
nodulose. Underleaf distant to imbricate, transversely
inserted, usually connate at the base with one side of the
lateral leaf, broadly orbicular-rectangular, 0.33-0.73 mm
long, 0.4-0.84 mm wide, long/wide ratio 0.72-1.02; mostly
reflexed at the apex (Figure 4.A), irregularly dentate,
corniculate or denticulate, the teeth acute, sometimes with
pappilous at the apex, the margin mostly sinuate-angular
and often denticulate (Figure 4.D); underleaf cells
chlorophyllous. Microphyll at flagellae triangular, 111.3125.26 µm long, 123.8-142.23 µm wide, basal transverse,
margin entire, apex emarginate (Figure 4.E).
Specimen examined: Indonesia: Java: Central Java: Mt.
Lawu (1986-2531 m asl.) on terrestrial and base of tree.
May 2015. L. Khotimperwati L2, L3, L4, L5, L6, L7, L8.
Distribution: Sumatra, Thailand, India, China, Vietnam,
Japan, Soviet (So 1996; Kitagawa 1967; Pocs 1969;
Mizutani and Chang 1986; Zhou et al. 2012; Bakalin 2016;
Shukkharak et al. 2014; Sari 2015), Java (Soderstrom et al.
2010), Sri Lanka (Long and Rubasinghe 2014).
Note: B. japonica is differentiated from the others
species by underleaf margin denticulate, reflexed at the
apex. According to Hattori and Mizutani (1958), B.
japonica in the section connatae which is closely related to
B. yoshinagana. However, B. yoshinagana has bigger
thallus than B. japonica and not narrowed at tips of leaves.
Bazzania javanica (Sande Lac.) Schiffn.
Bazzania javanica (Sande Lac.) Schiffn., Consp. Hepat.
Arch. Ind.: 163, 1898 (Schiffner 1898b). Figure 5.A-E
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Synonym: Mastigobryum javanicum Sande Lac., Ned.
Kruidk. Arch. 3: 418, 1854 [1855] (Sande Lacoste 1854).
Description: Plants green, phylliform, 1.3-2.08 mm
wide. Branching lateral pseudodichotomous, divergent at
60.78o-92.97o. Stem orbicular in cross-section, about 10
thick cells, 0.24-0.26 mm across in diameter, stem circle 34
cells, merophyte ventral 7-9 cells. Leaves distichous,
incubous, obliquely inserted and overlapping on the median
line of the stem, imbricate, inclined to divergent at 56.62o83.57o with the stem; asymmetrical, weakly falcate, ovatetriangular, mostly 1.0-1.2 mm long and 0.45-0.60 mm
wide, long/wide ratio 2.0-2.1, the dorsal half-leaf ovate,
tapering to an acute the apex; the margin entire; the apex
strongly 3 teeth, acute to acuminate but dominant
acuminate, the anterior tooth 5-7 cells long, 4-5 cells wide,
the median tooth 5-9 cells long, cells 4-8 wide, the
posterior tooth 4-6 cells long, 2-5 cells wide, sinus between
the teeth deeply such as the letter V; leaf-cells hexagonal to
rectangular, 28.90-32.46 x 18.42-22.31 µm in the base,
23.73-29.09 x 18.95-28.65 µm in the middle, 26.09-27.70 x
18.72-20.59 µm near the apex, cells with small to middle
trigones, 4.9-5.11 x 3.7-4.34 µm, small nodulose (Figure
5.C). Underleaf distant, narrowly connate at the base with
one side of the lateral leaf; reniform to circular, mostly
wider than long (Figure 5.D), typically 0.24-0.32 mm long,
0.35-0.47 mm wide, long/wide ratio 0.65-0.86; inserted to
the stem hollows, the basal concave with auricle, the
margin entire; the apex obtuse with small papilla; underleaf
cells chlorophyllous. Microphyll at flagellae triangular,
138.9-148.72 µm long, 156.9-198.19 µm wide, basal
transverse, margin entire, apex retuse (Figure 5.D)
Specimen examined: Indonesia: Java: Central Java: Mt.
Slamet (1697-1941 m asl.) on terrestrial. September 2015.
L. Khotimperwati S12, S13, S14.
Distribution: Java, Sumatra, Moluccas (Meijer 1960;
Soderstrom et al. 2010), Thailand, Hawaii (Kitagawa
1967), Australia (Queensland) (Meagher 2015).
Note: B. javanica resembles B. praerupta, but it has
more distant underleaf (Meijer 1960), the less closely
imbricate of leaves, size of leaf and trigones are smaller
than B. praerupta (Kitagawa 1967). The leaves of B.
praerupta are distinctly dilated on the basal margin
(Meagher 2015). In the study, teeth of B. praerupta is
longer than B. javanica (Figure 5.A, 8.C).
Bazzania pectinata (Lindenb. et Gottsche) Schiffn.
Bazzania pectinata (Lindenb. et Gottsche) Schiffn.,
Nova Acta Acad. Caes. Leop.-Carol. German. Nat. Cur. 60
(2): 259, 1893 (Schiffner 1893a). Figure 6.A-E
Synonym: Mastigobryum pectinatum Lindenb. et
Gottsche, Sp. Hepat. (Lindenberg) 8-11: 84, 1851
(Lindenberg and Gottsche 1851b). Jungermannia tridens
var. β Ness, Hep. Jav. 1830, 61-227. M. tridens var. β
Gottsche, Linden b. et Ness, Syn. Hep. 1845, 227.
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Description: Plant green-brownish, phylliform to
subrobust, 1.26-2.81 mm wide, branching lateral
pseudodichotomous, divergent at 86.4o-98.32o. Stem
ellipsoid in cross-section, about 12 thick cells, 0.31-0.37
mm across in diameter, stem circle 26 cells, merophyte
ventrals 8-10 cells. Leaves distichous, incubous, dorsal
insertion is straight on the stem, distant-contiguous,
divergent at 70.6o-88.66o with the stem, asymmetrical,
subfalcate, lanceolate, 1.41-1.46 mm long, 0.56-0.57 mm
wide, long/wide ratio 2.5-2.6 (Figure 6.B); narrowed
toward the apices, the dorsal base subcordate, the ventral
base simple, the margin of dorsal and ventral entire, the
apex truncate tridentate, sometimes bidentate, the anterior
tooth 5-6 cells long, 5-6 cells wide, the median tooth 4-7
cells long, 3-5 cells wide, the posterior tooth 3-5 cells long,
4-7 cells wide, sinus between teeth deeply such as the letter
V; leaf cells hexagonal-quadrate, 30.89-40.73 x 19.8024.24 µm in the base, 30.85-33.84 x 20.76-22.04 µm in the
middle, 24.65-26.07 x 5.94-10.79 µm near the apex,
trigone midle to large, 5.94-10.79 x 4.88-7.24 µm,
nodulose and sometimes confluent. Underleaf distant,
transverse inserted, widely ovate, 0.21-0.26 mm long, 0.260.37 mm wide, long/wide ratio 0.7-0.81, as wide as to the
stem, sometimes smaller than the stem, appressed to the
stem, basal straight, the margin entire-repand, the apex
truncate-emarginated, sometimes irregularly retuse; the
presence of slime papillae; underleaf cells chlorophyllous
(Figure 6.D). Microphyll at flagellae ovate, 129.01-158.44
µm long, 112.76-143.266 µm wide, basal transverse,
margin entire, apex acute and toothed (Figure 6.E).
Specimen examined: Indonesia: Java: Central Java: Mt.
Slamet (1589 m asl.) on terrestrial and base of the tree.
May 2015. L. Khotimperwati, S9 and S10.
Distribution: Ambon, Banca, Borneo, Luzon, French
Guiana, Sumatra, Java (Evans 1933; Meijer 1960,
Souderstrom et al. 2010), Peninsular Malaysia (Cheah and
Yong 2016).
Note: This species resembles B. densa and B. tridens
(Meijer 1960), but B. densa has recurved underleaf. B.
pectinata is characterized by higher leaf length/width ratio
(2.5-2.6), underleaf as wide as to the stem, sometimes
smaller than the stem, truncate at the apex, often irregular
retuse, not connate with both side of the lateral leaf, cell
underleaf chlorophyllous; big trigones are found in leaf and
underleaf. Meanwhile, B. tridens has shorter leaf length/
width ratio (1.8-2.3); cells underleaf hyaline,
chlorophyllous cells only at the basal underleaf; smaller
trigones are found in leaf and underleaf
Bazzania perfalcata N. Kitag.
Bazzania perfalcata N. Kitag., J. Hattori Bot. Lab. 47:
135, 1980 (Kitagawa 1980). Figure 7A-H.
Description: Plant green-brownish, robust, 2.97-4.11
mm wide, branching lateral pseudodichotomous, divergent
at 74.89o-90.31o. Stem orbicular in cross-section, about 12
thick cells, 0.20-0.31mm across in diameter, stem circle 28
cells, merophyte ventrals 8-9 cells. Leaves fragille,
opposite (Figure 7.B), incubous, obliquely inserted and
overlapping on the median line of stem; very imbricate,
divergent at 72.5o-78.3o with stem, subrecurved,
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asymmetrical, falcate linear, 1.91-2.44 mm long, 0.57-0.75
mm wide, long/wide ratio 3.10-3.99; the dorsal base
cordate, inflated and arching across on the stem, the ventral
base rather rounded, the dorsal and ventral margin entire
with projecting cell-walls (Figure 7.F), the distal margin
serrulate, the apex truncate tridentate (Figure 7.D), often
with smaller teeth addition, the teeth acute, the anterior
tooth 4-5 cells long, 4-9 cells wide, the median tooth 4-5
cells long, 9-10 cells wide, the posterior tooth 3-8 cells
long, 4-11 cells wide, sinus between teeth deeply such as
the letter V; leaf cells rectangular to quadrate, 35.59-43.89
x 24.05-27.37 µm in the base, 27.52-35.68 x 19.25-22.18
µm in the middle, 22.91-28.37 x 17.36-25.41µm near the
apex, trigones medium, 8.63-12.18µm x 6.29-9.12 µm,
strongly nodulose and confluent. Underleaf distant,
transverse inserted; recurved, usually connate at the base
with one side of the lateral leaf, wide-ovate; 0.25-0.33 mm
long, 0.42-0.51 mm wide, long/wide ratio 0.59-0.66, larger
from the stem, basal straight, margin subentire-repand,
apex obtuse-emarginate, reflexed, underleaf cells are
mostly composed of chlorophyllous, cells of apicals are
composed by hyaline cells (Figure 7.G). Microphyll at
flagellae ovate, 147.12-151.85 µm long, 197.21-212.36 µm
wide; basal transverse, margin serrulate, apex acute and
toothed (Figure 7.H).
Specimen examined: Indonesia: Java: Central Java: Mt.
Slamet (1589 m asl.) on terrestrial and base of the tree.
May 2015. L. Khotimperwati, S16.
Distribution: New Guinea (Kitagawa 1980), Java
(Central Java: New record)
Note: B. perfalcata is a new record in Java. This species
can be found at Mt. Kaindi (New Guinea), 2200-2350 m
asl. in the wet mossy forest, which is characterized by the
leaves that are strongly fragile, very long and strongly
falcate, so those characters are used as the specific epithet.
B. perfalcata resembles B. zollingeri from Java and
Sumatra based on the strongly falcate leaves and small
underleaves with reflexed at the apex (Kitagawa 1980).
According to Gradstein (2011), B. zollingeri has very small
underleaf, narrowed than the stem, without hyaline border
and not reflexed. Meijer (1960) explained that
characterized B. zollingeri was leaves with indistinct twotridentate, trigone small, underleaf hyaline, wider than long
or as wide as long and the same width the stem, reflexed at
the apex. Meanwhile, the specimen in this study has
strongly falcate leaves, fragile but not strongly; small
underleaf but wider than the stem, chlorophyllous with the
hyaline border in the apex, reflexed at the apex, which is
similar to B. perfalcata from New Guinea.
Bazzania praerupta (Reinw., Blume et Nees) Trev.
Bazzania praerupta (Reinw., Blume et Nees) Trevis.,
Mem. Reale Ist. Lombardo Sci. (Ser. 3), C. Sci. Mat. 4
(13): 414, 1877 (Trevisan 1877). Figure 8.A-G.
Synonym: Jungermannia praerupta Reinw., Blume et
Nees, Nova Acta Phys.-Med. Acad. Caes. Leop.-Carol.
Nat. Cur. 12 (1): 229, 1824 [1825] (Reinwardt et al. Yn.
Hepat. 224 (1845).1824a). Mastigobryum praeruptum
(Reinw., Bl. Et Nees) Linden b. in Gott., Linden b & Nees,
Syn. Hepat. 224 (1845). M. decurvum Nees in Gott.,
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Linden b. & Nees, 1.c. 223 (1845). Bazzania decurva
(Ness) Trev., 1.c. 414 (1877). M. sandei Steph., Hedwigia
25: 206, pl. 3, fig. 39-43 (1886). B. yakushimensis Horik.,
J. Sc. Hiroshima Univ. Ser. B. div. 2, 2: 194 (1934). B.
pseudotriangularis Horik., J. Sc. Hiroshima Univ. Ser.b,
div 2, 2: 194 (1934).
Description: Plant green-brownish, phylliform to
robust,
2.1-3.14
mm
wide,
branching
lateral
pseudodichotomous, divergent at 67.15o-80.71o. Stem
orbicular in cross-section, about 12 thick cells, 0.17-0.27
mm across in diameter, stem circle 32 cells, merophyte
ventral 8-9 cell. Leaves distichous, incubous, obliquely
inserted, overlapping on the median line of the stem,
distant to tightly imbricate, inclined to divergent at angels
59.6o-80.2o with the stem, strongly deflexed; asymmetrical,
falcate, widely ovate-triangular; 1.29-1.84 mm long, 0.71.1 mm wide, long/wide ratio, 1.7-1.8; narrowed toward
the apices, the dorsal base cordate, the ventral base arched;
the margin entire; the dorsal base margin very arched, the
apex mostly acute with tridentate, the teeth divergent,
mostly long (Figure 8.C), caudate, and easily broken off,
the anterior tooth 7-13 cells long, 3-7 cells wide, the
median tooth 7-13 cells long, 3-7 cells wide, the posterior
tooth 4-11 cells long, 3-6 cells wide; sinus between teeth
sharp as letter V; leaf cells rectangular-hexagonal-quadrate,
29.46-40.91 x 16.35-25.32 µm in the base, 24.88-35.30 x
16.85-20.8 µm in the middle, 23.05-29.38 x 17.22-20.50
µm near the apex, trigones large, 7.13-12.5 x 6.28-9.3 µm,
nodulose, confluent (Figure 8.C). Underleaf distantcontiguous to imbricate, inserted arched (Figure 8.E),
orbicular-oblate, larger than the stem, 0.35-0.79 mm long,
0.44-0.89 mm wide, long/wide ratio 0.87-1.00; 1.5 times as
wide as the stem, the basal cordate with auricle, the margin
entire to repand, with thickened of nodulose; the apex
retuse-obtuse, with papilla; underleaf cells chlorophyllous
(Figure 8.F). Microphyll at flagellae ovate-triangular,
226.9-249.65 µm long, 174.35-179.95 µm wide; basal
transverse, margin entire, apex retuse and toothed (Figure
8.G).
Specimen examined: Indonesia: Java: Central Java: Mt.
Ungaran (2040 m asl.) Mt. Lawu (2052-2531 m asl.) on
terrestrial and base of the tree. May 2015. L.
Khotimperwati U4, L9, L13, L16.
Distribution: Java, Sumatra, Borneo, Moluccas (Meijer
1960; Soderstrom et al. 2010), Southeastern Asia,
extending to the Himalaya (Kitagawa 1967; Mizutani
1967), New Guinea (Kitagawa 1980), China (Mizutani and
Chang 1986; Zhou et al. 2012).
Note: This species is easy recognized by long divergent
teeth, orbicularly underleaf with the strongly cordate base,
leaf, and underleaf-cells with large trigones, nodulose,
confluent (Kitagawa 1967; Mizutani 1967). B. praerupta
resembles B. javanica, and both are distinguished by the
shape of underleaf, basal margin of leaves, teeth, and
trigones (described in B. javanica).

Bazzania serpentina (Nees) Trevis.
Bazzania serpentina (Nees) Trevis., Mem. Reale Ist.
Lombardo Sci. (Ser. 3), C. Sci. Mat. 4 (13): 415, 1877
(Trevisan 1877). Figure 9.A-E.
Synonym: Jungermannia serpentina Nees, Enum. Pl.
Crypt. Javae: 62, 1830 (Nees, 1830).
Description: Plant green, phylliform, 2.1-2.35 mm
wide; branching lateral pseudodichotomous, inclined to
divergent at 68.5o-81.93o. Stem ellipsoid in cross-section,
about 10 thick cells, 0.22-0.26 mm across the diameter,
stem circle 29 cells, merophyte ventrals 13-16 cells. Leaves
distichously arranged on the stem, incubous, obliquely
inserted, overlapping on the median line of the stem,
imbricate, verry deflexed, divergent at 75.5o-80.2o with the
stem, asymmetrical, falcate, ovate-triangular (Figure 9.B);
1.37-1.58 mm long, 0.64-0.77 mm wide, long/wide ratio
1.78-2.21; widest at its base, narrowed toward the apices,
the dorsal base cordate, the ventral base incurved, the
dorsal margin entire; the apex oblique tridentate, mostly
long teeth, the anterior tooth 5-6 cells long, 3-4 cells wide,
the median tooth 3-4 cells long, 3-4 cells wide, the
posterior tooth 3-4 cells long, 2 cells wide, acute,
occasionally finger likes, and easily broken off, sinus
between teeth lunulate; leaf-cells hexagonal-rectangularisodiamtric, 30.33-50.02 x 22.38-44.72 µm in the base,
29.2-34.8 x 18.38-24.57 µm in the middle, 23.67-32.34 x
18.53-21.92 µm near the apex; trigones medium, 8.1813.32 x 5.92-8.04 µm, strongly nodulose, confluent (Figure
9.C). Underleaf distant, inserted arched upward; adaxially
convex, reflexed at apex (Figure 9.D), usually connate at
base with one side of lateral leaf, orbicular; 0.4-0.5 mm
long, 0.37-0.49 mm wide, long/wide ratio 0,93-1,02, larger
from the stem, the basal cordate, the margin entire,
underleaf cells mostly chlorophyllous, apical cells with 1-2
rows hyaline cells. Microphyll at flagellae ovate, 162.05184.50 µm long, 153.26-182.83 µm wide, base transversal,
margin entire, apex acute (Figure 9.E).
Specimen examined: Indonesia: Java: Central Java: Mt.
Ungaran (2040 m asl.) at the base of a tree. May 2015. L.
Khotimperwati. U1.
Distribution: Sumatra, Borneo, Java, New Guinea,
Solomon Island (Meijer 1960; Kitagawa 1977; Kitagawa
1980, Soderstrom et al. 2010), Peninsular Malaysia (Cheah
and Yong 2016).
Note: B. serpentina is easy recognized by strongly
deflexed and falcate leaves, trigon medium, nodulase,
orbicular underleaf with reflexed apices where the cells are
composed of hyaline.
Bazzania spiralis (Reinw., Blume et Nees) Meijer.
Bazzania spiralis (Reinw., Blume et Nees) Meijer,
Blumea 10 (2): 381, 1960 (Meijer 1960). Figure 10.A-I
Synonym: Jungermannia spiralis Reinw., Blume et
Nees, Nova Acta Phys.-Med. Acad. Caes. Leop.-Carol.
Nat. Cur. 12 (1): 231, 1824 [1825] (Reinwardt et al.
1824a).
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Figure 6. Bazzania pectinata; A. Thallus, B. Leaf, C. Leaf cells, D. Underleaf, E. Microphyll, Arrow= trigone
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Description: Plant yellowish green to green brownish,
robust, 2.24-3.92 mm wide; branching lateral
pseudodichotomous, inclined to divergent at 66.07o105.59o. Stem orbicular in cross-section, about 14 thick
cells, 0.24-0.46 mm across in diameter, stem circle 36 cells,
merophyte ventrals 8-12 cells. Leaves opposite, incubous,
obliquely inserted, overlapping on the median line of stem,
very imbricate, inclined to divergent at 63.3o-89.3o with the
stem, deflexed, very curved ventrally, strongly
asymmetrical, not falcate, triangular-ovate to ligulateovate (Figure 8C); 1.833-2.55 mm long, 1.19-1.34 mm
wide, long/wide ratio 1.5-2.00; near the base is the widest
portion, narrowed toward the apex; the dorsal base cordate,
inflated and arching across on the stem, the dorsal and
ventraal base be found auricle, ventral base margins
inflated, the dorsal and ventral margin undulate with
minutely serrulate (projecting cell walls); the apex rounded
with indistinctly tridentate, at the teeth with accessory
minute denticulations (Figure 8.E), the teeth variable in
size and shape, regularly acute, the anterior tooth 3-6 cells
long, 4-7 cells wide, the median tooth 4-8 cells long, 8-13
cells wide, the posterior tooth 3-7 cells long, 4-9 cells wide,
sinus mostly such as the letter V; leaf cells elongate
rectangular to isodiametric, 32.35-43.52 x 23.29-28.02 µm
in the base, 34.25-41.95 x 20.34-24.99 µm in the middle,
27.54-35.77 x 18.93-25.63 µm near the apex, trigones
large, 9.56-16.27 x 5.86-10.33 µm, strongly nodulose,
often confluent. Underleaf distant, transversely inserted;
adaxially plane, sometimes reflexed at the apex (Figure
8B); broadly orbicular, 0.37-0.78 mm long (Figure 8D),
0.59-0.99 mm wide, long/wide ratio 0.7-1.1, larger from
the stem, the basal cordate to auriculate, the margin
subentire to emarginate, the apex obtuse to emarginate.
Underleaf cells chlorophyllous, bordered by the hyaline 12 layer of cells (Figure 8.H). Microphyll at flagellae ovate,
178.31-200 µm long, 198-210.300 µm wide, base
transversal, margin entire-serrulate, apex obtuse-serrulate
(Figure 8.I).
Specimen examined: Indonesia: Java: Central Java:
Mount Slamet (1219-1697 m asl.). September 2015. L.
Khotimperwati. S2, S3, S4, S5, S11.
Distribution: Thailand, Malay Peninsula, Bangka,
Sumatra, Java, Borneo (Meijer 1960; Kitagawa 1967;
Soderstrom et al. 2010).
Note: B. spiralis is characterized by triangular-ovate
leaves, margin serrulate, the teeth with accessory minute
denticulations, broadly orbicular underleaves with cordate
bases, the hyaline margin of one or two cells in width
(Kitagawa 1967). B. spiralis can be confused with B. erosa.
B. spiralis has characteristic in the shape and cell hyaline
margin of underleaf with B. erosa, but it has distant
underleaf and reflexed at the apical margin.
Bazzania succulenta N. Kitag.
Bazzania succulenta N.Kitag., J. Hattori Bot. Lab. 47:
141, 1980 (Kitagawa 1980). Figure 11.A-I.
Description: Plant green-brownish, robust, 3.41-4.17
mm wide, branching lateral pseudodichotomous, inclined

to divergent at 64.25o-79.38o. Stem ellipsoid in crosssection, about 16 thick cells, 0.40-0.5 mm across in
diameter, stem circle 38 cells, merophyte ventrals 11-13
cells. Leaves opposite, incubous, obliquely inserted,
overlapping on the median line of the stem, very imbricate,
inclined at 69.1o-80.6o with the stem, very curved ventrally
(Figure 11.A), asymmetrical, falcate, widely ovatetriangular (Figure 11.C); 2.14-2.46 mm long, 1.61-1.89
mm wide, long/wide ratio 1.26-1.53; narrowed toward the
apices, the dorsal base cordate, inflated and arching across
at the stem, the ventral base margins arched and in the
midle there are constricting (Figure 11.B); at the ventral
and dorsal base be found auricle (Figure 11.C-D); the
dorsal and ventral margin of leaf serrulate with projecting
cell-walls; the apex rounded, serrulate, not dentate (Figure
11.E); leaf-cells hexagonal-rectangular, 68.54-82.29 x
39.75-46.44 µm in the base, 44.92-59.16 x 22.84-27.83 µm
in the middle, 39.86-47.08 x 24.74-29.08 µm near the apex;
trigones large 20.0-26.69 x 13.14-18.16 µm, strongly
nodulose and confluent. Underleaf contiguous-imbricata,
inserted arched upward; adaxially convex, reflexed at the
apex, very large, orbicular; 0.83-0.94 mm long, 1.25-1.34
mm wide, long/wide ratio 0.63-0.69, larger from the stem,
the basal cordate, the margin emarginate, the apex obtuseemarginated; underleaf cells are mostly composed of
chlorophyllous, on the apicals margin is composed of
hyaline cells (Figure 11.G-H). Microphyll at flagellae
ovate, 216.18-224.85 µm long, 170.17-173.13 µm wide;
base transversal, margin serrulate, apex serrulate (Figure
11.I).
Specimen examined: Indonesia: Java: Central Java: Mt.
Slamet (1330 m asl.) on terrestrial. September 2015. L.
Khotimperwati. S6
Distribution: West New Guinea (1600 m asl.), epiphytic
on the tree, Java (Central Java: new record).
Note: B. succulenta is a new record in Java. The plant
looks like succulent because cells of leaf and underleaf are
swollen, therefore succulent so that use as the specific
epithet (Kitagawa 1980).The other characteristic of this
species is the asymmetrically triangular-ovate leaf, there
are no dentate in the apex, but only minutely serrulate;
underleaf very large and concave abaxially.
Bazzania tridens (Reinw., Blume et Nees) Trevis.
Bazzania tridens (Reinw., Blume et Nees) Trevis.,
Mem. Reale Ist. Lombardo Sci. (Ser. 3), C. Sci. Mat. 4
(13): 415, 1877 (Trevisan 1877). Figure 12.A-H.
Synonym: Jungermannia tridens Reinw., Blume et
Nees, Nova Acta Phys.-Med. Acad. Caes. Leop.-Carol.
Nat. Cur. 12 (1): 228, 1824 [1825] (Reinwardt et al.
1824a). B. sinensis Gottsche ex Stephani, Hedwigia 25:
208, 1886. Mastigobryum sinensis (Steph.) Steph., Sp.
Hepat. 3: 506, 1908. M. albicans Steph., Sp. Hepat.3: 465
(1908). B. albicans (Steph.) Horik., J. Sc. Hiroshima Univ.
Ser.B.Div. 2,2:200, 1934. M. formosae Steph., Sp. Hepat.
3: 466, 1908. B. formosae (Steph.) Horik., J. Sc. Hiroshima
Univ. Ser. B. Div. 2, 2: 196, 1934; Herz., mem. Soc. Fam.
Fl. Fenn. 26: 44, 1951.
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Figure 10. Bazzania spiralis: A. Thallus, B. Part of the thallus, C. Leaf, D. Leaf basal, E. Leaf apex, F. Dorsal margin, G. Leaf cells, H.
Underleaf, I. Microphyll

Description: Plant yellowish-green, phylliform to
robust, 2.84-3.46 mm wide; branching lateral
pseudodichotomous, inclined to divergent at 77.47o-92.85o.
Stem ellipsoid in cross-section, about 12-14 thick cells,
0.22-0.29 mm across in diameter, stem circle 29-32 cells,
merophyte ventrally 8-16 cells. Leaves distichously,
incubous, dorsal insertion is straight at the stem, contiguous
to loss imbricate, inclined to divergent at 58,7o-86,3o with
the stem, asymmetrical, subfalcate, ovate-oblongs, 1.421.84 mm long, 0.52-0.89 mm wide, long/wide ratio 1.8-2.3;
narrowed toward the apices, the dorsal base subcordatecordate, the ventral base rather cordate, the margin dorsal
and ventral of leaf entire, the apex variable in form are
truncate, rounded, acute, tridentate, sometimes bidentate,
the teeth acute-acuminate, the anterior tooth 3-8 cells long,
3-9 cells wide, the median tooth 4-10 cells long, 4-9 cells
wide, the posterior tooth 3-9 cells long, 3-7 cells wide,
sinus between teeth lunulate to such as letter V; leaf-cells
rectangular-quadrate (Figure 12.D), 34.43-43.46 x 19.0229.50 µm in the base, 27.75-45.59 x 17.68-27.70 µm in the
middle, 18.23-25.24 x 15.17-17.55 µm near the apex,
trigones medium, 4.5-8.37 x 2.9-5.75 µm. Underleaf
distant to contiguous, transversely inserted, appresed to the
stem; the base usually connate with one side of the lateral
leaf, variable in size and form, usually rectangular-

quadrate-oblongs, 0.31-0.71 mm long, 0.38-0.78 mm wide,
long/wide ratio 0.8-1.02, larger from the stem, sometimes
as wide as the stem, the basal straight, the margin repand,
the apex truncate-emarginated-cornulate, with papilla;
underleaf cells almost composed of hyaline cells,
chlorophyllous cells only at the basal underleaf (Figure
12.E-F). Microphyll at flagellae triangular, 163.34-236.1 x
175.7-177.78 µm, base transverse, margin emarginate,
apex acute and toothed (Figure 12.G-H).
Specimen examined: Indonesia: Java: Central Java: Mt.
Slamet (931 m asl.), Mt. Lawu (1910-2513 m asl.) and
Mt.Ungaran (2040 m asl.) on terrestrial. September 2015.
L. Khotimperwati.S1, U2, U5, L1, L5, L10, L11, L12.
Distribution: Java, Sumatra, Borneo, Moluccas (Meijer
1960; Soderstrom et al. 2010), S. India, W. Bengal, Assam,
Sri Lanka, Nepal, Sikkim, Bhutan, Myanmar, Thailand,
Celebes, Seram, China, Formosa, Japan, Korea (Kitagawa
1967; Mizutani 1967; Pocs 1969; Zhou et al. 2012).
Note: B. tridens is sometimes confused with B.
pectinata, both are distinguished by leaves size, the
structure of underleaf and trigones (described in B.
pectinata). B. tridens also resembles B. vittata on form,
margin, and cell underleaf, but B. tridens has 2-4 layers
chlorophyllous cell on the basal, whereas B. vittata has
underleaf cells that are hyaline.
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Figure 11. Bazzania succulenta: A. Thallus, B. Part of thallus, C. Leaf, D. Leaf basal, E. Leaf apex, F. Leaf cells, G. Underleaf, H.
Underleaf margin, I. Microphyll
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Figure 12. Bazzania tridens: A. Thallus, B-C. Leaf, D. Basal leaf cells, E-F. Underleaf, G-H. Microphyll
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Abstract. Paighambari SY, Eighani M. 2018. Seasonal variation of catch per unit effort and catch composition in a Persian Gulf
longline fishery. Biodiversitas 19: 888-892. The catch per unit effort (CPUE), and catch composition of a Persian Gulf longline fishery
were investigated during the study to develop essential information regarding the needs of longline fishing in Persian Gulf just to assist
the artisanal fishermen. A total number of 2990 deployed hooks were set during spring and winter seasons. One catch contained 8 teleost
fish and one elasmobranch species belonging to 8 families. In the spring season, 357 fish were counted during sampling out of which
Netuma thalassina with 183 specimens (F= 51.3%) was the most abundant one. In winter season 235 specimens were collected, of
which 17.7% were represented by the N. thalassina. So, there is no significant difference in fish assemblages were obtained between
spring and winter seasons (R=0.567, P>0.05). Proportion of all caught fish below length at maturity was higher in the winter season than
spring season. Data revealed significantly higher CPUE at spring season compared to winter (P<0.05), suggesting that in general, fishing
at the spring season was necessarily more efficient than winters. Difference in CPUE between spring and winter seasons may be
explained by the species response to the temperature cycle in the Persian Gulf. A better understanding of the complete catch including
catch rate, catch composition, and their sizes, is therefore, an important step towards a sustainable Persian Gulf longline fishery.
Keywords: Catch composition, CPUE, Seasonal variation, Longline, Persian Gulf

INTRODUCTION
Longline fishing gear is currently used throughout the
world’s oceans for the harvesting of commercially
important fish species (Erzini et al. 1999; Kerstetter and
Graves 2006). Longline gear can be set at the seabed
targeting demersal species, or above the bottom also
targeting pelagic or semi-pelagic species.
Bottom trawl is the most common fishing technique in
Persian Gulf but with negative effects on seabed
environment and high value of by-catch (Eighani et al.
2016). Concerns about sustainable exploitation of marine
resources has recently focused on the proper management
of commercially valuable fish stocks by using longlining
which is considered as an environmentally friendly fishing
method (Lokkeborg 2003). Pelagic longlines are
considered more selective when compared to other fishing
gears like trawls or gillnets (Gilman et al. 2006). In 2016,
for tuna and tuna-like catches more than 21760 days
fishing efforts were carried out by artisanal longline
fisheries in Persian Gulf that landed 5760 mt catch
annually (IOTC 2017).
Regarding high price of fresh fishes, small-scale
longliners continues to increase in Persian Gulf coastal
area. Obviously, small-scale longliners are more
economical than large sized longliners.
However, an insufficient data regarding fisheries, either
due to inadequate monitoring often limits policy approach
to implementing a long-term sustainable yield based
fisheries management (Ludwig et al. 1993). So, the main

objective of this study was to provide essential information
regarding catch rate and catch composition of longline
fishery in Persian Gulf. Also, this information will also be
useful for the improving the knowledge base for the
management of coastal fisheries in Persia Gulf longline
fishery. Comparison between catch per unit effort (CPUE),
and catch compositions during different seasons was also
explained in the present study.
MATERIALS AND METHODS
A total of 35 experimental longline fishing sets, with
2990 deployed hooks were carried out in the Northern
Persian Gulf (26'-40◦N, 56'-07◦E), from February 2016 to
May 2017. Sampling operations were performed by using
artisanal fishing vessel (7-m long, with 45 horsepower
engine).
Bottom longlines consist of a series of baited hooks
attached to a mainline that is suspended from floating
buoys that are deployed in daily operations to catch large
benthic and semi-pelagic fish species.
The fishing gear consisted of standard monofilament
propylene mainline of 2 mm diameter (400 m long) and
100 gangions. Each gangion was 0.5 m in length and
constructed of 0.5 mm diameter propylene monofilament.
The hook type was the Mustad J-style hook size 6/0. All
hooks were hand baited. All hooks were baited with squid.
The average weight of the bait was 30±1.5 g. The same
hook and bait type was used in all fishing trips.
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Soak time was 6 h and depended on fish availability
and weather conditions, with the gear fishing mostly at
depths between 35 and 40 m. All characteristics of the
fishing gear and practices (e.g., hook placement, deployed
the number of hooks of each style per set, bait size, setting
time, etc.) were standardized throughout the study. All the
fish were identified to species, their total length measured
(nearest to cm) and their weight recorded for each season
separately. The proportion of fish below length at maturity
(Lm) was calculated by different seasons. This proportion
could not be determined for some of the species due to the
small number of specimens.
Catch per unit of effort (CPUE) was expressed as the
weight of specimens (kg) caught per 100 hooks. This was
calculated for each of the fishing trips at different season
separately. Catch composition by different seasons was
recorded for all fish species. The occurrence of a given
species was also determined. It is defined as the number of
samples of the species present in the catch divided by the
total number of deployment (n=35), usually expressed in
percentage (%).
Species diversity was calculated using the Shannon
index (Shannon and Weaver 1949):
H’ = Pi log Pi
Where, Pi is the proportion of species i in numbers
First, the homogeneity of variances and normalization
of data were evaluated. The non-parametric Mann-Whitney
U test was applied to examine differences between CPUE
at each trip in spring and winter seasons.
Two sample Kolmogorov-Smirnov tests (P< 0.05) were
performed to compare the length frequency distributions of
the three most abundant fishes between the spring and
winter seasons. Multivariate data of relative fish abundance
were analyzed with one-way ANOSIM (Clarke 1993) to
test the difference between seasons. Comparisons were
based on the calculation of Bray-Curtis resemblance matrix
(Bray and Curtis 1957). Differences among seasons, factors
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within each season, were represented by 2-dimensional
plots with non-metric multidimensional scaling ordinations
(nMDS) considering season centroids (Clarke 1993; Clarke
and Warwick 1994). Stress values are shown for each
nMDS plot to indicate the goodness of fit between the
distances among points implied by nMDS and the matrix
data input. These indicated that the smaller the stress, the
better the representation (stress <0.15 is good; <0.10 is
ideal) (Clarke 1993). SIMPER analysis (cut off 90%)
(Clarke 1993) enabled us to identify the “important taxa”
that contributed to the overall dissimilarity between
seasons. All statistical analyses were performed using R
software (version 3.3.2, R Development Core Team 2016).
RESULTS AND DISCUSSION
Results
During the study, 17 and 18 longline sets were
conducted in spring and winter seasons respectively,
resulting in the capture of 592 fish with a total weight of
520.48 kg (Table 1). The catch contained 8 teleost fish and
one elasmobranch species belonging to 8 families (Figure
1). In the spring season, 357 fish were counted during
sampling. Netuma thalassina with 183 specimens (F=
51.3%) was the most abundant species. In winter season
235 specimens were collected, of which 17.7% were
represented by the N. thalassina. Two species, Lutjanus
ehrenbergii and Lutjanus malabaricus, were caught
exclusively in the spring season.
According to SIMPER analysis (pairwise comparison),
average dissimilarity in catch composition in numbers was
24.75% between spring and winter seasons. Three species,
L. malabaricus, A. indicus and C. dussumieri contributed
highly to catch composition differences between spring and
winter seasons.
No significant difference in fish assemblages was
obtained between spring and winter seasons (R=0.567,
P>0.05). Once the area centroids were ordered by nMDS,
representing no differences in fish assemblages among
seasons, and overlapping occurs among groups (Figure 1).

Table 1. Total abundance of the fish species related to different season in Persian Gulf longline fishery
Spring
Species
Alectis indicus
Argyrops spinifer
Netuma thalassina
Carcharhinus dussumieri
Epinephelus coioides
Lethrinus nebulosus
Lutjanus ehrenbergii
Lutjanus malabaricus
Pomadasys kaakan

Total
number
9
37
183
10
19
61
10
22
6

Winter

Freq. %

%
Occurrence

Total
number

2.5
10.3
51.3
2.8
5.3
17.1
2.8
6.2
1.7

0.10
0.94
5.45
0.26
0.56
1.64
0.30
0.66
0.16

42
50
52
38
12
31
0
0
10

Freq. %

%
Occurrence

Mean
length
(cm)±SD

14.2
16.9
17.7
16.2
4.1
10.5
0
0
3.4

1.47
1.70
1.74
1.21
0.40
1.17
0
0
0.33

35.3±5.2
38.5±7.6
45.0±5.5
57.6±8.1
29.8±6.3
37.8±5.7
28.8±4.4
30.8±4.2
36.4±4.1
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The Shannon species diversity index was calculated
1.569 and 1.818 for spring and winter seasons respectively.
CPUE (kg/100 hooks) was calculated 2.82 ±0.55 and 1.60
±0.41 for the spring and winter seasons respectively. CPUE
(kg/100 hooks) range was varied 0.3-21.74 in spring and
0.07-10 in winter seasons. Mann-Whitney U test results
showed that the catch per unit of effort in spring season
was significantly higher than winter season (P<0.05).
Length frequency distribution of three most abundant
species; N. thalassina, A. spinifer, and L. nebulosus were
compared between spring and winter seasons (Figure 2).
Larger individuals of N. thalassina were caught
significantly more at spring season (P<0.05). In case of A.
spinifer, and L. nebulosus no significant differences were
observed in length frequency distributions between spring
and winter seasons (P>0.05).
The size range and proportion of individuals caught
below length at maturity (Lm) differed between spring and
winter seasons (Table 2). The proportion of all caught fish
below Lm was higher on the winter season than on the
spring season.

Figure 1. Non-parametric multi-dimensional scaling (nMDS)
plots representing no differences in fish assemblages among
seasons

A

B

C
Figure 2. Length-frequency distributions of three most abundant fish species compared between spring and winter seasons in Persian
Gulf longline fishery. A. L. Nebulosus, B. N. Thalassina, C. A. spinifer
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Table 2. Size range and proportion of fish below Lm in Persian Gulf longline fishery
Species
Alectis indicus
Argyrops spinifer
Netuma thalassina
Carcharhinus dussumieri
Epinephelus coioides
Lethrinus nebulosus

Spring
Size range (cm)
25-45
30-50
32-60
55-75
23-50
35-60

Discussion
This study was the analysis of the catch rate, catch
composition, and biodiversity of longline fishery for two
seasons in Persian Gulf. Fishermen consider a large part of
their catch as target species. No by-catch and discard were
caught in the study area. All the fishes caught during the
study are marketable and consumed by local communities.
Catch compositions were dominated by N. thalassina, A.
spinifer and L. nebulosus, which made up about 70% of the
landed biomass. This catch composition was consistent
with published studies from other tropical longline and
handline fisheries (Erzini et al. 1999; Curran and Bigelow
2011; Zimmerhackel et al. 2015; Paighambari and Eighani
2017). Longlining is mostly performed in tropical waters
and around coral reefs, which have similar species
compositions. However, changing spatial-temporal and
environmental conditions can impact the similarities
between the different fish assemblages. In our study, the
catch composition between spring and winter season was
not significantly different. However, it was observed that
some of the species, such as L. ehrenbergii and L.
malabaricus, were caught exclusively in the spring season
and some other species, such as A. indicus, were caught
mostly in winter season. Present study allowed us to
understand better how seasonal variation have an impact on
the catch composition in small-scale Persian Gulf longline
fisheries which should lead to the development of more
specific conservation and fisheries management measures.
CPUE were significantly higher at spring season
compared to the winter season, suggesting that in general,
fishing at the spring season was necessarily more efficient
than the winter season. Also, Niella et al. (2017) revealed
that catch rate and catch composition both were
significantly influenced by seasonal variation. The
existence of a significant seasonal effect was verified on
the catch rates, which dropped from March to September in
artisanal longline fishery in Chile (Queirolo and Ahumada
2009). The CPUE was substantially differed between the
sampling months in New Zealand longline fisheries
(Francis et al. 2004). The difference in CPUE from one
season to another are explained by variations in the
physical environment (temperature, salinity, currents) and
others that are ecological factors (migration, food
availability, predation, recruitment, and fishing pressure)
(Kingsford 1999). Difference in CPUE between spring and
winter seasons may be explained by the species response to
the temperature cycle in the Persian Gulf. In this study,
average temperatures in spring and winter seasons were

% Below Lm
34
15
8
67
48
5

Winter
Size range (cm)
27-44
25-48
35-57
55-75
20-43
30-55

% Below Lm
39
18
14
71
52
9

27.7±2.1 and 21.8±1.9, respectively. Sea surface
temperature
affects
population
abundances
and
distributions of many pelagic fish in Indian Ocean (Marsac
2008; Lan et al. 2013).
Length frequency distribution did differ between spring
and winter seasons for N. thalassina. But for two other
species; A. spinifer, and L. nebulosus, no significant
differences were observed. Laptikhovski et al. (2006) also
found that the seasonal variation did have a significant
effect on the length frequency distribution of the caught
species. The results indicated that longline selectivity was
satisfactory for most of the fish species for two seasons
except E. coioides and C. dussumieri. The impact of
longlining on sharks and rays stocks around the world is
currently the focus of considerable international concern
(Gallagher et al. 2014). The results of present study
revealed that a larger proportion of C. dussumieri was
below length at maturity (Lm) as compared to other
species. Our results demonstrate the need to integrate
management measures in future management plans in order
to minimize the fishing pressure on threatened and
protected species. For the studied fishery to approach
sustainability, future research is required to investigate
increase hook and bait size for improving size selectivity of
E. coioides and C. dussumieri.
Monitoring longline fisheries data assemblages
including catch rate, catch composition, and their sizes, is
therefore, an essential step towards a sustainable Persian
Gulf longline fishery in future. Therefore, a better
understanding of the spatiotemporal, environmental, and
biological variables responsible for the overlapping
distributions of longline fishery resources is needed to
develop efficient multispecific management strategies
(Niella et al. 2017).
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Abstract. Dwipa I, Syarif A, Suliansyah I, Swasti E. 2018. West Sumatra Brown Rice resistance to Brown Planthopper and Blast
Disease. Biodiversitas 19: 893-898. Brown rice is a highly nutritious rice widely consumed as the carbohydrate substitute of common
rice. Brown rice resistance to biotic stress is one of indicators of a superior variety. Our study aimed to analyze the response of several
brown rice genotypes from West Sumatra to brown planthopper attack and blast disease. This study comprised two experiments, the
resistance assay to brown planthopper (Nilaparvata lugens (Stal.) and the resistance assay to blast fungi Pyricularia oryzae. The
resistance assay to brown planthopper was done using randomized block design experiment with three replicates. Eighteen brown rice
genotypes (15 brown rice, 2 black rice, and 1 control genotype) were tested in the assay. From 17 brown and black rice tested, 7
genotypes were resistant and 2 were moderately resistant. For blast resistance analysis, fifteen rice genotypes (13 brown rice and 2 black
rice) were used. There was only 1 genotype highly resistant and 3 moderately resistant to blast disease among those 15 brown and black
rice.
Keywords: Biotic stress, blast disease, brown planthopper, brown rice, West Sumatra

INTRODUCTION
Brown rice is a favorite rice among urban community.
Brown rice is nutritious but has lower calory compared to
common rice (Varshini et al. 2013). 100 grams of brown
rice contain about 7.5 g protein, 0.9 g fat, 77.6 g
carbohydrates, 16 mg calcium, 163 mg phosphorus, 0.3 g
iron, 0.21 mg vitamin B1, and anthocyanin (Pletch and
Hamaker 2018). The awareness of people, especially that
of the urban community, on healthy lifestyle results in an
increase in the demand for brown rice annually (Babu et al.
2009). Indonesia is no exception, the increase is observed
nationwide including in the Province of West Sumatra.
West Sumatra is a region in Indonesia that lies on the
Earth’s Equator and has a tropical rainforest climate. These
conditions make the region rich in exotic genetic diversity
resources. One of the important germplasms from West
Sumatra is brown rice (Swasti 2004). Swasti et al. (2011)
reported 10 local brown and black rice genotypes from
West Sumatra. Putra et al. (2010) also reported 9 brown
rice from Solok District, West Sumatra. Those reports
indicate that West Sumatra possesses plenty of brown rice
genotypes potential to be developed into superior rice
varieties. One important indicator of a superior crop variety
is the resistance to biotic stresses (Yaherwandi et al. 2013).
Therefore, the goal of plant breeding program is to develop
plant varieties resistant to stresses, pests and plant diseases.
Current studies and explorations on local brown rice from
West Sumatra barely give us a clear insight on the rice
resistant to pests and diseases. Nurhasanah et al. (2018)

stated that stress resistance traits of a rice plant are dictated
by the genetic makeup of that plant. There is a specific
interaction between the host plant and its pathogen in
which the resistance gene can render resistance to the
pathogen. This resistance to one pathogen is called vertical
resistance or when it occurs to more than one pathogen it is
called horizontal resistance (Fu et al. 2011; Sekhwal et al.
2015; Nurhasanah et al. 2018). Brown planthopper
(Nilaparvata lugens (Stal.) is one of the most important
pests that has been devastating rice crops, causing a
significant yield loss. In West Sumatra, brown planthopper
attacks caused a 100% reduction in the rice yield
(Taurislina 2015). Not only damage the plant, the brown
planthopper is also a vector of rice virus such as rice grassy
stunt virus and rice ragged stand virus (Cabauatan et al.
2009). Besides brown planthopper, the blast disease is the
primary disease in rice (Babu et al. 2009). Blast disease is
caused by Pyricularia oryzae Vac. (Hubert et al. 2015). In
2011, blast disease affected 2,208 ha rice field in Indonesia,
and increase to 3,649 in 2012 causing a yield loss between
50-90% in particular to susceptible rice varieties (Suriani et
al. 2015). In cultivating brown rice, therefore, the loss of
yield caused by these two plant pests must be carefully
taken into consideration. The first step to generate a brown
rice resistant to brown planthopper attack and blast disease
is evaluating the tolerance of all available brown rice
genotypes in West Sumatra to those pests. Our study aimed
to identify local brown rice genotypes from West Sumatra
that are resistant to brown planthopper attack and blast
disease.
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MATERIAL AND METHODS
Propagation of brown planthopper
IR-42 rice seeds (a hopper-susceptible rice variety)
were germinated on a seedbed (30 x 20 x 5 cm). 15 days
after planting (DAP), rice plants were transferred to plastic
pots (diameter 15 cm; height 18 cm) with 4 plants per pot.
Urea fertilizer (0.35 g/pot) was applied to 21 DAP-plant.
At 30 DAP, rice plants were placed in an insect shield
container made of wood covered with milar plastics
materials. The base of the insect shield was covered with a
sheet of plywood, and the top of the shield was covered
with a gauze sheet. There were 5 insect shields (60 x 60 x
60 cm) and each shield contained 6 pots. 10 pairs of adult
brown planthopper biotype 3 were placed inside the shield.
The IR-42 rice plants were replaced weekly during the
experiment (Yaherwandi et al. 2013).
Rice resistance assay to brown planthopper
A rice resistance assay to brown planthopper was done
in the screen house and laboratory of Insect Bioecology,
Department of Pest and Plant Diseases, Faculty of
Agriculture, Andalas University, Padang, Indonesia. The
experiment was conducted from October 2012 to January
2013. A Randomized Block Design was used in this
experiment. 15 brown rice, 2 black rice genotypes together
with 1 control genotypes were analyzed in this study. Each
treatment group was prepared in triplicate. The 15 brown
rice genotypes were Jorong Mudiak, Padi Ladang, Pido
Manggih, Sikarujuik, Gunung pasir, Padi Telur, Surian,
Teluk Embun, Kekuningan, Siarang, Pesisir Selatan,
Talang Babungo, Sungai Abu, Perbatasan, and Capacino.
The two black rice genotypes were Solok dan Beras Hitam
Sariak Alang Tigo. Hopper-susceptible IR-42 rice was used
as control genotype. All rice plants were grown in the
screen house. Rice seeds were germinated on a seedbed (30
x 40 x 5 cm). 14 DAP plants were transferred to pots
(diameter 15 cm; height 18 cm), each pot was planted with
1 plant. Urea fertilizer (0.35 g/pot) was applied to 21 DAPplant. The resistance assay was performed on 30 DAP rice
plants. Two parameters observed during the experiment
were the rice resistance to brown planthopper and the
lifetime of the brown planthopper.
Level of rice resistance to brown planthopper
One brown planthopper was transferred to each pot.
Observation began when IR-42 rice started to show a
hopper burn symptom. Rice resistant level was determined
and classified based on the extent of plant damage as
shown in Table 1. Data were analyzed using Duncan’s New
Multiple Range Test (DNMRT) at a significance level of
5%.
Rice resistance assay to blast disease
The study was conducted in an area endemic of blast
disease, Sitiung IV, Dharmasraya District, Province of
West Sumatra, Indonesia from March to July 2013. 13
brown rice and 2 black rice genotypes were evaluated in
this study. The thirteen brown rice genotypes were Jorong
Mudiak, Padi Ladang, Pido Manggih, Sikarujuik, Gunung

pasir, Padi Telur, Surian, Teluk Embun, Kekuningan,
Siarang, Pesisir Selatan, Talang Babungo, Sungai Abu,
Perbatasan, and Capacino. The two black rice genotypes
were Solok and Sariak Alang Tigo. A Randomized Block
Design was used in this experiment. The resistance assay
was conducted in an experimental field of 350 m2. Each
rice genotype was planted systemically in an alternating
fashion between rows with a spacing of 20 x 25 cm. The
experiment was done in triplicate, with the same sequence
of the rice genotype in each replicate.
The observation was done every week on 40-60 DAP
plants. Rice plant resistance assay to blast disease was
performed following the protocol of IRRI (1996) (Table 2
and Figure 1). Data were analyzed using Duncan’s New
Multiple Range Test (DNMRT) at a significance level of
5%.
Lifetime of brown planthopper
Gravid female brown planthoppers were transferred to
the pot of each rice genotypes and then the lifetime of the
hopper’s nymphs was observed and recorded. Data were
analyzed using Duncan’s New Multiple Range Test
(DNMRT) at a significance level of 5%.
Table 1. Level of rice resistance to brown planthopper
Score

Symptoms

0

No damage

1

Mild damage, yellow lines
appears on the first leaf
The first and second leaves
yellow
The leaves yellow, growth
inhibited, wilted, and half of
the plants are dead
More than 50% of the plants
are dead, and the rest are alive
but the growth is stunted
All plants are dead

3
5
7
9

Range
≥ 1-3
≥ 3-5
≥ 5-7
≥ 7-9

Resistance
level
Highly
resistant
Resistant
Moderately
resistant
Moderately
susceptible
Susceptible

≥9

Highly
susceptible
Source: International Rice Research Institute (IRRI) (1988)

Table 2. Scoring of rice plant resistance to blast disease (based on
the shape and color change of the plant (IRRI 1996)
Score

Blast disease symptoms

Resistance

0
1

No symptoms
Small brown spots the size of a needle tip;
no sporulation
Brown spots 1-2 mm in diameter; necrotic
sporulation
Small ellipse spots (3 mm x 2 mm)

Highly
resistant
Resistant

3
5
7
9

Diamond-shaped spots with yellow,
brown, or purple margin
Overlapping diamond-shaped spots

Moderately
susceptible
Susceptible
Highly
susceptible
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Skala 1

Skala 3

Skala 5

Skala 7
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Figure 1. Symptoms and scoring of blast disease effect in rice plant

RESULTS AND DISCUSSION
Rice resistance assay to brown planthopper
Rice resistance to brown planthopper can be assayed by
observing the extent of damage suffered by the plant upon
the insect attack. Our result showed that there are 8
moderately resistant, 7 resistant, and 2 moderately
susceptible rice genotypes (Tabel 3). The difference in the
resistance response of the 17 rice genotypes is probably
due to the difference in the toxin or antibiotic produced by
rice plant (Singh et al. 2017; Qiu et al. 2011). Plants
produce substances such as alkaloids or other organic
compounds that possess repellent effect to brown
planthopper (Sodiq, 2009; Qiu et al. 2011).
The seven genotypes resistant to brown planthopper
may have a relatively rigid stem and coarse leaf surface.
Srivastava et al. (2014) stated that resistant and moderately
resistant varieties have a rather hard stem and coarse leaf
surface. The hard and coarse plant structure make the
brown planthopper difficult to feed on the plant sap, which
eventually leads to nymph death due to starvation.
Potassium, Calcium, and Silicone are elements that
contribute to the toughness of the plant cell wall structure
(lignin and cellulose) (Yaherwandi et al. 2013).
A susceptible genotype corresponds to the lifetime of
brown planthoppers that infest the plant. Brown
planthoppers with the longest lifetime was observed in IR42 whereas the shortest was found in Sariak Alang Tigo
genotype (Table 4). A resistant plant suppresses the
development of pest insects and this property corresponds
to plant defense mechanism. Sarao and Bentur (2016)
stated that there are three mechanisms of plant resistance:
antixenosis (preference and non-preference), antibiosis, and
tolerance. We argue that the rice plants that were resistant
to the hopper attack have high antibiosis compounds. This,

in turn, led to the death of the nymphs in the early phase,
abnormal nymph growth, low fecundity, and short lifespan.
Previously, Sodiq et al. (2009) have reported insects death
in their early developmental phase in resistant genotypes.
This effect is presumably due to the presence of active
chemical compounds produced by the plant that are toxic to
the nymphs. Thus, it is crucial to study these active
compounds in brown rice (Ashtiani 2012). Genetic factor
affects the brown rice immunity to brown planthopper
attack. Du et al. (2009) reported that a rice gene called
Bph14 is able to activate salicylic acid, induce callose
deposition and boost the trypsin inhibitor production.
Altogether these responses suppress the hopper’s appetite,
inhibit their growth and decrease the hopper’s lifespan. Wu
et al. (2017) describe the function of another gene, BPH15,
contributing for the resistance of rice to brown planthopper.
Based on genetic analyses, six miRNAs profile of this gene
regulate rice development and defense response to brown
planthopper (Wu et al. 2017).
Rice resistance assay to blast disease
In this study, rice plant resistance to blast disease is
determined based on its disease index. The disease index as
standardized by IRRI (1988) represents the severity of blast
disease impact on plant, i.e., the formation of blast spot and
its extent. Our result indicates that the responses of the
plants on blast disease are varied from susceptible to
resistant (Table 5). This difference is influenced by many
factors such as temperature, host gene activity, pathogen
gene, and other environmental factors (Syakira et al. 2016;
Kharisma et al. 2013; Titone et al. 2014). Solok black rice
is the only genotype resistant to blast disease of all other
genotypes (Table 5). Resistant rice plants usually have
a higher silicate content in comparison with susceptible
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Table 3. Brown rice resistance to brown planthopper
Genotype

Resistance
score

Table 5. Blast disease index of local brown rice genotypes

Resistance level

Genotype IR-42
9,00 a
Susceptible
(control)
BrR Jorong Mudiak
6,20 b
Moderately susceptible
BlR Solok
6,20 b
Moderately susceptible
BrR Padi Ladang
5,40 bc
Moderately susceptible
BrR Pido Manggih
5,40 bc
Moderately susceptible
BrR Sikarujuik
4,60 bcd
Moderately susceptible
BrR Gunung Pasir
4,60 bcd
Moderately susceptible
BrR Padi Tlur
4,60 bcd
Moderately susceptible
BrR Surian
4,20 bcd
Moderately susceptible
BrR Teluk Embun
4,20 bcd
Moderately susceptible
BrR Kekuningan
4,20 bcd
Moderately susceptible
BrR Siarang
3,80 cd
Resistant
BrR Pesisir Selatan
3,80 cd
Resistant
BrR Talang Babungo
3,40 cd
Resistant
BlR Sariak Alang Tigo
3,40 cd
Resistant
BrR Sungai Abu
3,00 d
Resistant
BrR Perbatasan
3,00 d
Resistant
BrR Capacino
3,00 d
Resistant
Note: Different letters indicate a significant difference (P> 0.05).
BrR = Brown rice, BlR = Black rice

Table 4. Lifespan of brown planthoppers in brown rice plants
Genotype

Genotype

BrR Surian
Severe
Susceptible
BrR Padi Ladang
Severe
Susceptible
BrR Perbatasan
Severe
Susceptible
BrR Kekuningan
Severe
Susceptible
Moderately severe Moderately susceptible
BrR Sikarujuik
BrR Sungai Abu
Moderately severe Moderately susceptible
BlR Sariak Alang Tigo Moderately severe Moderately susceptible
BrR Gn. Pasir
Moderately severe Moderately susceptible
BrR Talang Babungo Medium
Medium
BrR Padi Telur
Medium
Medium
BrR Teluk Embun
Medium
Medium
BrR Jorong Mudiak
Medium
Moderately resistant
BrR Pido Manggih
Medium
Moderately resistant
BrR Siarang
Medium
Moderately resistant
BlR Solok
Mild
Resistant
Note: *): Scoring and classification are based on the Standard
Evaluation System for Rice (IRRI 1988); BrR = Brown rice, BlR
= Black rice

Table 6. Classification of local brown rice resistance level
according to their origin
Origin

Genotype

Resistance level

Solok

BrR Surian
BrR Padi Ladang
BrR Talang Babungo
BrR Sungai Abu

Susceptible
Susceptible
Medium
Moderately
susceptible
Moderately
susceptible
Resistant
Moderately
susceptible
Moderately
susceptible
Susceptible
Susceptible
Medium
Medium
Moderately
resistant
Moderately
resistant
Moderately
resistant

Lifespan (day)

IR-42 (Genotipe pembanding)
12.40
BrR Kekuningan
11.82
BrR Pido Manggih
11.80
BrR Surian
10.12
BrR Gunung Pasir
9.61
BlR Solok
9.15
BrR Talang Babungo
8.32
BrR Sikarujuik
7.91
BrR Sungai Abu
7.82
BrR Pesisir Selatan
6.88
BrR Padi Telur
6.67
BrR Capacino
6.20
BrR Padi Ladang
5.14
BrR Siarang
5.00
BrR Teluk Embun
4.20
BrR Jorong Mudiak
2.60
BrR Perbatasan
2.40
BlR Sariak Alang Tigo
1.72
Note: Different letter indicate a significant difference
BrR = Brown rice, BlR = Black rice

a
a
a
ab
abc
abc
abc
abc
abc
abc
abc
abc
abc
abc
abc
bc
bc
c
(P> 0.05).

plants. Ashtiani et al. (2012) stated that silicate content in
rice can protect cell walls from Pyricularia oryzae Vac.
hyphae. High silicate content physically fortifies rice
especially its epidermis cells . Thus, the blast fungus P.
Oryzae cannot penetrate rice leaf tissue (Buck et al. 2008).
Blast fungi are transmitted via air, attached to leaf
surface through water splash, and infect leaf and generate
blast spots (Devi and Sharma 2010). Rice resistance to
blast disease is determined by the defensive structure of
leaves, such as the degree of cuticle wax layer, epidermis-

Disease severity Resistance level*)

BlR Sariak Alang Tigo
South Solok

BlR Solok
BrR Siarang
BrR Gunung Pasir

Pasaman

BrR Perbatasan
BrR Kekuningan
BrR Padi Telur
BrR Teluk Embun
BrR Jorong Mudiak

West Pasaman

BrR Pido Manggih
BrR Sikarujuik

layering cuticle, epidermis cell structure, and the size,
shape, and location of stomata and lenticels (Anushree et
al. 2016; Soares et al. 2014). Another factor that determines
plant resistance to blast disease is the pathogen itself
(Verma et al. 2015). We found half of the tested genotypes
has the potential to be infected by P. oryzae. This result
indicates that P. oryzae pathogenicity can break the rice
defense. Fukuta et al. (2014) stated that rice plant defense
is influenced by the genetics of the plant and environmental
factors.
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Favorable environmental conditions allow rapid growth
of P. oryzae (Rajput et al. 2017). Bhat et al. (2013) stated
that at around 20oC, rice plants become more susceptible to
blast disease. In addition, this situation exacerbates the
transmission of the disease. According to the local
statistics, the daily temperature at the study location was
21-33oC (Statistics of Dharmasraya District 2013). Suryadi
et al. (2013) stated that the transmission of blast disease
will occur much easier in an area with high humidity in
comparison to that with dry condition.
Our study found that different rice genotypes from the
same origin gave different resistant responses (Table 6).
This difference is presumably due to the difference in the
genetic makeup of each rice genotype. Genetic factor is the
primary determinant of rice resistance to blast disease.
Liang et al. (2016) reported pi66 gene that is able to control
blast disease in rice. Fukuta et al. (2014) suggest that many
of the wild rice exhibited resistance to blast disease.
Different rice genotypes have different morphology (Azizi
et al. 2015). This difference is contributed by the difference
in the genetics of each rice and environment where it
grows. Nurhasanah et al. (2018) reported that in some local
rice varieties tested against multiple diseases, there has
been a specific interaction between the rice and the
pathogen. This interaction is regulated by genes that
control the rice resistance. In susceptible genotype,
pathogens are flourishing, while in resistant genotype
where the plant has a mechanism to recognize and respond
to pathogens, the pathogen's growth and propagation are
suppressed.
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Abstract. Karyawati AT, Nuraida L, Lestari Y, Meryandini A. 2018. Characterization of abundance and diversity of lactic acid bacteria
from Apis dorsata hives and flowers in East Nusa Tenggara, Indonesia. Biodiversitas 19: 899-905. Previous research on lactic acid
bacteria associated with honey bees has been conducted in temperate arid regions and wet tropical regions. We isolated lactic acid
bacteria from giant honey bee (Apis dorsata) hives and flowers in East Nusa Tenggara, Indonesia, an area with a tropical savanna
climate. Diversity of lactic acid bacteria was studied using Denaturing Gradient Gel Electrophoresis method. The purpose of this study
was to obtain information about the diversity of lactic acid bacteria contained in Apis dorsata hives and flowers from tropical savanna
climate. We identified seven Operational Taxonomy Units (OTU) within the hives and flowers. Two OTUs were closely related to
LactoBacillus kunkeei strain YH-15 (T), while three others were closely related to Lactococcus lactis subsp. tructae strain L105 (T).
This information is important to explore the potential utilization of lactic acid bacteria in maintaining human health.
Keywords: Apis dorsata hives, denaturing gradient gel electrophoresis, East Nusa Tenggara, flowers, lactic acid bacteria

INTRODUCTION
Lactic acid bacteria can be found in milk and dairy
products, animal digestive tracts and plants. Generally,
lactic acid bacteria are known as Gram-positive bacteria
that produce lactic acid as the final product of carbohydrate
fermentation. Lactic acid bacteria are widespread on the
surface of various flowers and may be carried by honey bee
in the hives (Daeschel et al. 1987). Flowers containing
nectar and pollen are a food source for giant honey bee
(Apis dorsata Fabricius, 1793). Nectar and pollen are
collected by giant honey bee from flowers, which are then
deposited in the hives. When the giant honey bee collects
nectar and pollen from flowers, lactic acid bacteria on the
surface of flowers are carried over and deposited in the
hives (Olofsson & Vásquez 2008). Therefore, many kinds
of lactic acid bacteria from flowers exist in the hives.
Indonesia has been known as the most diverse honey
bee species in the word. Five of nine species of honey bees
are native to Indonesia, i.e., Apis andreniformis, A. dorsata,
A. cerana, A. koschevnikovi, and A. nigrocincta
(Hadisoesilo 2001). Apis dorsata is indigenous honey bee
species that has the biggest body size of all honey bees in
Indonesia. Apis dorsata (giant honey bee) is a wild honey
bee building the hive on the tree in the jungle. Hives of
Apis dorsata consist of a big honeycomb whose the width
reaching until one-meter square (Hadisoesilo 2001). A
Giant honey bee is an aggressive honey bee with the wide
range area of feeding.

Some researchers had found lactic acid bacteria in the
hives of honey bees and flowers. Lactic acid bacteria had
been isolated from hives of Apis mellifera in Tucson (arid
regions in Arizona, USA) and hives of Apis dorsata in
Kedah, located in the tropical region of Malaysia
(Anderson et al. 2013; Tajabadi et al. 2013). The lactic acid
bacteria from flowers in Jonstorp (the cold temperate
region in Sweden) were LactoBacillus kunkeei,
LactoBacillus spp., and Bifidobacterium spp. while lactic
acid bacteria from flowers in Tucson (arid regions in
Arizona, USA) were LactoBacillus Firm5, L. kunkeei,
Enterococcus sp., and Weissella sp. (Olofsson & Vásques
2008; Anderson et al. 2013). Based on these results lactic
acid bacteria on flowers from different climates (cold and
arid climates) had different diversity.
Previous research on lactic acid bacteria associated with
honey bees has been conducted in temperate arid regions
and wet tropical regions. However, diversity of lactic acid
bacteria in bee hives has not been previously studied in
tropical savanna climates. Therefore, the objectives of our
study were to: (i) quantify diversity of lactic acid bacteria
from giant honey bee hives and flowers in East Nusa
Tenggara, Indonesia, a region with a tropical savanna
climate; and (ii) predict the benefits of lactic acid bacteria
from bee hives for human health based on diversity of
lactic acid bacteria.
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MATERIALS AND METHODS
Study area
Hives of Apis dorsata and flowers were collected from
the sub-districts of Central Amfoang, South Amfoang and
Central Fatuleu in Kupang District, East Nusa Tenggara
Province, Indonesia. These three sub-districts represented
areas of high honey production from hives of Apis dorsata.
East Nusa Tenggara has a tropical savanna climate with a
dry season is longer than the wet season. Grasslands
represented the dominant vegetation.
Procedures
Sample collection
The hives were collected randomly from three different
trees in each location and were subsequently mixed. 25 g of
hives were weight and used as samples. Similarly, flowers
from 9-12 plants in each location were randomly collected
and were subsequently mixed as well as weighted around
25 g for samples. There were a total of six samples from
three different areas for three replications.
Isolation of Lactic Acid Bacteria
The sample (25 g) was suspended in 100 mL of 0.85%
(w/v) NaCl (Merck, USA). a 100 μL aliquot of suspension
was spread on Mann, Rogosa and Sharpe agar (Merck,
USA) supplemented with 1% of CaCO3, which were then
incubated for 24 hours at 37°C under anaerobic conditions
using Anaerobic Jars with Anaerocult A gas packs (Merck,
Darmstadt, Germany). All grown colonies were scraped
and dissolved in 500 μL nuclease-free water and
centrifuged at 12,000 g for 2 min. The supernatant was
discarded and bacterial cells were collected for DNA
extraction.
DNA extraction
Bacterial DNA was extracted with PrestoTM Mini
gDNA Bacteria Kit (Geneaid, Taiwan). The DNA
extraction procedure was carried out following the manual
provided by the manufacturer. Extracted DNA was tested
for purity by Nanodrop 2000 spectrophotometer (Thermo
Scientific, Wilmington, DE, USA).
Amplified 16S rRNA gene
Bacterial DNA was amplified by PCR Applied
Biosystem 2720 Thermal Cycler (Thermo Fisher Scientific,
Massachusetts, USA). Amplification was performed with a
universal primer for 16S rRNA gene that was hybridized
with GC clamps (Ovreas 1997). DNA was amplified with
primer 338 Forward (ACTCCTACGGGAGGCAGCAG),
518 Reverse (ATTACCGCGGCTGCTGG) and 338
Forward-GC
(CGCCCGCCGCGCGCGGGGGGGGG
GGGGGGGGGGGGACGGGGGCGGGGGAGGCAGCA.
The PCR reaction contained 25 μL of final solution
consisting of: 1.25 μL of 10 pmol of each primer, 12.5 μL
Go Taq Green Mastermix 2x (Promega, Madison, USA),
2.5 μL DNA template and 7.5 μl nuclease free water

(NFW). Amplification by PCR comprised 35 cycles of predenaturation at 94°C for 5 minutes, denaturation at 92°C
for 30 seconds, annealing at 58°C for 30 seconds,
elongation at 72°C for 45 seconds, and post-elongation at
72°C for 3 minutes. The PCR products were migrated on
1% agarose gel and stained with ethidium bromide 0.1%
for visualized in G: BOX Gel Documentation (Syngene,
Frederick, USA).
Denaturing Gradient Gel Electrophoresis
The electrophoresis process was performed on D
Universal Mutation Detection System (Bio-Rad, California,
USA) at 60°C, 150 volts for 5 hours. A total of 20 μl of
DNA and 5 μl of loading dye were migrated on 8 %
polyacrylamide gel containing a denaturing gradient from
30-70% (Muyzer 1993; Muyzer & Smalla 1998). The
polyacrylamide gel was stained with ethidium bromide
0.1% for 15 minutes, then visualized in G: BOX Gel
Documentation (Syngene, Frederick, USA). DNA bands on
polyacrylamide gel were cut and eluted with 100 μl
nuclease free water, which were then amplified with PCR
TI-Thermocycler (Biometra, Goettingen, DE) using the
same primers (338F and 518R) but without GC clamps.
Results of amplified DNA were sent to the provider of
sequencing services for DNA sequencing.
Data analysis
The DGGE profile had been interpreted with Lab Image
Plat Form software to determine volume of DNA bands or
OTU (Operational Taxonomy Unit). This volume was used
to calculate diversity index and evenness index of
microbial community. The OTU value represents
abundance of lactic acid bacteria in DNA bands. The
Shannon-Wiener diversity index was calculated based on
the OTU value using the formula: H' = - Σ pi ln pi, where
Hʹ is Shannon-Wiener diversity index and pi is the relative
abundance of OTU. Evenness index (E) was calculated by
the following equation: E = Hʹ/ln S, where Hʹ is ShannonWiener diversity index and S is bacterial richness that
expressed total number of OTU in sample (Hill et al. 2003;
Pangastuti et al. 2010; Radita et al. 2017). Criteria of
Shannon’s diversity (Hʹ): Hʹ < 1 the diversity is low, 1 < Hʹ
< 3 the diversity is medium, Hʹ > 3 the diversity is high.
Evenness index (E) value is between 0 to 1, E < 0.4 the
evenness of population is low, 0.4 < E < 0.6 the evenness
of population is medium, E > 0.6 the evenness of
population is high.
DNA sequences were analyzed by MEGA (Molecular
Evolutionary Genetics Analysis) software version 7.0 for
assembly and trimming process. The DNA sequences were
compared to database of 16S rRNA gene of type strain in
EzTaxon Bio Cloud (http: //eztaxon-e.ezbiocloud.net)
software (Yoon et al. 2017; Park et al. 2012). The
homologous sequences were aligned with MEGA 7.0 by
the bootstrap method (Kumar et al. 2016). Phylogenetic
tree was constructed by Neighbour-Joining method.
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RESULTS AND DISCUSSION
Denaturing Gradient Gel Electrophoresis profile of
lactic acid bacteria in flowers and Apis dorsata hives
Number of DNA bands varies among locations and
between flowers and hives. Sample E (honeybee hives
from South Amfoang) had the largest number of DNA
bands, while sample A (flowers of Central Amfoang) had
the smallest number of DNA bands (Figure 1). The most
dominant DNA bands were found in line 5 and line 6, and
both lines had bands presented in all samples. The pattern
of bands in line 1, line 3, and line 4 were found only in
hives of the giant honey bee (samples D, E, F). Flowers
collected from Central Amfoang (A) contained only 2
bands in line 5 and line 6. Flowers collected from South
Amfoang (B) contained 3 bands, which were presented in
line 5, line 6, and line 7, while flowers collected from
Central Fatuleu (C) contained 4 bands, which could be
observed in line 2, line 5, line 6, and line 7. Hives of the
giant honey bee collected from Central Amfoang (D)
contained all bands in all line numbers except for line 2
with six bands. Hives of Apis dorsata (E) from South
Amfoang contained all bands with total of seven bands.
Hives of Apis dorsata from Central Fatuleu (F) did not
have bands in line 1 and line 7 with five bands. The flowers
contained fewer DNA bands than the hives of the giant
honey bee, showing that the type of lactic acid bacteria
(LAB) found in the hives was more diverse than the type of
lactic acid bacteria found in the flowers.
The abundance and diversity of lactic acid bacteria
We also found that diversity in LAB differed among
locations and between flowers and hives. The hives of Apis
dorsata from South Amfoang (E) had highest rank
abundance of operational taxonomy unit (OTU) (Figure 2).
Flowers from Central Amfoang (A) had lowest rank
abundance of OTU. There were seven OTU in sample E,
while sample A only contained two OTU. Flowers from
Central Fatuleu (C) had more OTU than other flowers (A
and B).
Some OTUs were not uniformly distributed between
flowers and hives. OTU1, OTU3, and OTU4 were found
only in the hives of Apis dorsata. It is likely that three
types of bacteria did not originate from flowers, but they
were released from the honey bee stomachs to the hives.
This interpretation is supported by the fact that OTU4
(LactoBacillus kunkeei YH-15) has previously been found
in stomachs of honey bees (Olofsson and Vásquez 2008).
Honey bee stomachs are filled with nectar and nutrients in
a micro-aerobic state, potentially representing an optimal
niche for LAB.
Samples from flowers and hives contained OTU5 and
OTU6. Results of this study indicate that types of lactic
acid bacteria contained in flowers are also found in the
hives. OTU2 found in flowers from Central Fatuleu were
also found in the hives of Apis dorsata from Central
Fatuleu. This suggests that lactic acid bacteria from flowers
were transferred to the hives of Apis dorsata. This
suggestion is supported by Anderson et al. (2013) which
showed many bacteria from bee bread (in the hives) and
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crops were also found in floral nectar, suggesting frequent
horizontal transmission. Based on all flower environments,
38 of 215 (17.7%) samples of sequenced isolates had
identical similarity with honey bee gut, crop, or hive
samples (Anderson et al. 2013).
Although we found the same dominant OTU
(Operational Taxonomy Unit) in each sample (Table 1), the
composition of OTU in each sample was different. OTU5
and OTU6 were the dominant OTU in all samples. Sample
E (the hives of Apis dorsata from South Amfoang) had
three-dominant OTU.
Hives and flowers exhibited different levels of diversity
in LAB. The hives of Apis dorsata collected from South
Amfoang (E) had the highest diversity index (Hʹ), while
flowers collected from Central Amfoang (A) had the lowest
diversity index (Table 2). Evenness index of sample A was
higher than other samples, and sample E had the lowest
evenness index. The Hʹ values of samples C, D, E, and F
were >1, which exhibit moderate levels of diversity.
Sample A and B had Hʹ < 1, which indicated the low
diversity of bacteria. Evenness index of six samples was >
0.6, indicating high evenness of all samples from
population and suggesting that the number of OTU in each
sample was the same or similar.

A B
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3
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B
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D

E
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Figure 1. Denaturing Gradient Gel Electrophoresis profile of
flowers (A, B, C) and the hives of Apis dorsata (D, E, F) from
Kupang District, East Nusa Tenggara, Indonesia. Description: A =
Flowers from Central Amfoang; B = Flowers from South
Amfoang; C = Flowers from Central Fatuleu; D = Hives of Apis
dorsata from Central Amfoang; E = Hives of Apis dorsata from
South Amfoang; F = Hives of Apis dorsata from Central Fatuleu
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Figure 2. Rank abundance of OTU (Operational Taxonomy Unit) from six samples from Kupang District, East Nusa Tenggara,
Indonesia. A = Flowers from Central Amfoang; B = Flowers from South Amfoang; C = Flowers from Central Fatuleu; D = Hives of
Apis dorsata from Central Amfoang; E = Hives of Apis dorsata from South Amfoang; F = Hives of Apis dorsata from Central Fatuleu

Table 1. The dominant OTU of LAB from flowers and the hives
of Apis dorsata in Kupang, East Nusa Tenggara, Indonesia
The same
OTU in
every sample
A
2 5 (62.5%), 6 (37.5%)
5. 6
B
3 5 (51.2%), 6 (38.5%)
5. 6
C
4 5 (54.4%), 6 (25.7%)
5. 6
D
6 5 (39.3%), 6 (23.3%)
5. 6
E
7 2 (11.73%), 5 (43.2%), 6 (18.2%)
5. 6
F
5 5 (49.1%), 6 (19.9%)
5. 6
Notes: A = Flowers from Central Amfoang; B = Flowers from
South Amfoang; C = Flowers from Central Fatuleu; D = Hives of
Apis dorsata from Central Amfoang; E = Hives of Apis dorsata
from South Amfoang; F = Hives of Apis dorsata from Central
Fatuleu
Sample

Σ
OTU

Dominant OTU (%)

Table 2. Shannon-Wiener Diversity and Evenness index of LAB
from flowers and the hives of Apis dorsata in Kupang, East Nusa
Tenggara, Indonesia
Sample

Shannon-Wiener diversity
Evenness index
index
A
0.66 ± 0.01
0.97 ± 0.01
B
0.95 ± 0.02
0.86 ± 0.02
C
1.13 ± 0.03
0.77 ± 0.02
D
1.59 ± 0.03
0.81 ± 0.02
E
1.65 ± 0.03
0.74 ± 0.02
F
1.34 ± 0.03
0.77 ± 0.03
Notes: A = Flowers from Central Amfoang; B = Flowers from
South Amfoang; C = Flowers from Central Fatuleu; D = Hives of
Apis dorsata from Central Amfoang; E = Hives of Apis dorsata
from South Amfoang; F = Hives of Apis dorsata from Central
Fatuleu

The level of diversity was related to dominance of
bacteria. The highest diversity of LAB in the hives of Apis
dorsata that were collected from South Amfoang indicated
that honey bees in South Amfoang had more sources of
LAB than the honey bees in Central Amfoang and Central
Fatuleu. Flowers from Central Amfoang exhibited lowest
diversity of LAB but highest dominance. Flowers
contained few LAB, so that bacteria can live on flower
surfaces because there were exudates of flowers (nectar)
and pollen as food sources for LAB (Daeschel 1987). There
were only a few LAB on surfaces of flowers because of
extreme conditions including direct sunlight, wind, heavy
rain, and human disturbance.
The sequence homology of bacteria based on 16S rRNA
gene sequencing analysis
The nucleotide sequences of LAB were compared with
the database in gene bank using Ez Taxon Bio Cloud web
software (Table 3). The results confirmed that OTU2 and
OTU4 were closely related to LactoBacillus kunkeei strain
YH-15 (T)1 with pairwise similarity of 98.5% and 99.5%.
OTU5 was closely related to Lactococcus lactis subsp.
tructae strain L105 (T)2, Lactococcus lactis subsp.
hordniae NBRC100931 (T)3, Lactococcus lactis subsp.
lactis JCM5805 (T)4, and Lactococcus lactis subsp.
cremoris NCD0607 (T)5 with pairwise similarity of 99.0%.
OTU6 and OTU7 were closely related to Lactococcus
lactis subsp. tructae strain L105 (T)2, Lactococcus lactis
subsp. hordniae NBRC100931 (T)3, Lactococcus lactis
subsp. lactis JCM5805 (T)4, and Lactococcus lactis subsp.
cremoris NCD0607 (T)5 with pairwise similarity of 99.5%.
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Table 3. Ez Taxon Bio Cloud results of 16S rRNA gene of LAB from flowers and the hives of Apis dorsata in Kupang District, East
Nusa Tenggara, Indonesia
Mismatch/ Completeness
Pair wise
Accession
Total nt
(%)
Similarity
number
OTU2
LactoBacillus kunkeei YH-15 (T)1
3/202
100
98.5%
JXDB01000004
OTU4
LactoBacillus kunkeei YH-15 (T)1
1/198
100
99.5%
JXDB01000004
OTU5
Lactococcus lactis subsp. tructae L105 (T)2
2/201
100
99.0%
EU770697
Lactococcus lactis subsp. hordniae NBRC100931 (T)3
2/201
100
99.0%
BCVL01000058
Lactococcus lactis subsp. lactis JCM5805 (T)4
2/201
100
99.0%
BALX01000047
Lactococcus lactis subsp. cremoris NCD0607 (T)5
2/201
100
99.0%
AB100802
OTU6
Lactococcus lactis subsp. tructae L105 (T)2
1/200
100
99.5%
EU770697
Lactococcus lactis subsp. hordniae NBRC100931 (T)3
1/200
100
99.5%
BCVL01000058
Lactococcus lactis subsp. lactis JCM5805 (T)4
1/200
100
99.5%
BALX01000047
Lactococcus lactis subsp. cremoris NCD0607 (T)5
1/200
100
99.5%
AB100802
OTU7
Lactococcus lactis subsp. tructae L105 (T)2
1/200
100
99.5%
EU770697
Lactococcus lactis subsp. hordniae NBRC100931 (T)3
1/200
100
99.5%
BCVL01000058
Lactococcus lactis subsp. lactis JCM5805 (T)4
1/200
100
99.5%
BALX01000047
Lactococcus lactis subsp. cremoris NCD0607 (T)5
1/200
100
99.5%
AB100802
Notes: 1Edwards et al. (1998); 2Pérez et al. (2011); 3ex. Latorre-Guzman et al. (1977), Schleifer et al. (1986); 4Lister (1873), Schleifer et
el. (1986); 5Orla-Jensen (1919), Schleifer et al. (1986); OTU = Operational Taxonomy Unit
Code

Closest species

OTU2 and OTU4 were closely related to LactoBacillus
kunkeei. This type of bacteria is known as a fructophilic
LAB (Endo et al. 2012). L. kunkeei belongs to the
heterofermentative LAB producing lactic acid, acetic acid,
and ethanol as a result of glucose fermentation. These
bacteria grow very weakly on glucose-containing media,
but they can grow well if external electron acceptor such as
oxygen, pyruvate, and fructose exist on the media.
LactoBacillus kunkeei performs fructose fermentation
faster than glucose and produced acid from fructose within
1-2 days, while the acid from glucose was formed on the
3rd day until the 4th day. Based on this information, the
type of LAB from OTU2 and OTU4 identified as
LactoBacillus kunkeei was a fructophilic LAB. This
bacterium was able to live in the hive environment because
the hives contain large quantities of honey consisting of
high levels of fructose. L. kunkeei was also found in crop
(honey in stomach), midgut and hindgut of Apis mellifera,
the bacteria were dominant in the crop (Anderson et al.
2013). Isolates of Mesquite flower and honey contained
L.kunkeei (Anderson et al. 2013).
OTU5, OTU6, and OTU7 were closely related to
Lactococcus lactis. The L. lactis bacteria known to be safe
for humans (Laroute et al. 2017; Nuryshev et al. 2016). L.
lactis isolated from milk in Russia has antimicrobial
activity against Gram positive and Gram-negative bacteria
and antifungal to the fungi of the genus Aspergillus,
Fusarium, and Candida (Nuryshev et al., 2016). These
bacteria are resistant to acidic environments and bile salts,
are sensitive to antibiotics, and exhibit treatment effects in
mice suffering from chronic ileum-dermatitis (Nuryshev et
al. 2016). Based on this information, OTU5, OTU6, and
OTU7 were predicted to have potential candidates for
probiotics with functional properties as antibacterial and
antifungal, which may play an important role in the
treatment of chronic ileum dermatitis. According to

Laroute et al. (2017), L. lactis is divided into four
subspecies: lactis, cremoris, hordniae, and tructae, but
only subspecies lactis and cremoris are of industrial
interest. L. lactis is involved in the manufacture of dairy
products, such as cheese, buttermilk and sour cream. The
role of L. lactis is acidification step and contributes to the
flavor of dairy products, notably due to its capacity to
produce diacetyl and acetoin. Diacetyl is an aroma wellknown for its buttery taste. The phenotype investigation of
L. lactis strains reported here revealed highly diverse
carbohydrate metabolism, especially in plant- and gutderived carbohydrates, diacetyl production and stress
survival (Laroute et al. 2017). L. lactis aids in food safety
because of high production of lactic acid and antimicrobial
agents such as bacteriocin.
Phylogenetic tree analysis
Phylogenetic analysis using MEGA 7.0 by neighborjoining method (with bootstrap 2000x) showed that OTU2
and OTU4 had 99% bootstrap value and were closely
related to LactoBacillus kunkeei YH-15 (T) (Figure 3).
OTU5 and OTU6 and OTU7 had 99% bootstrap value and
were closely related to Lactococcus lactis subsp. tructae
strain L105 (T), Lactococcus lactis subsp. hordniae
NBRC100931 (T), Lactococcus lactis subsp. lactis
JCM5805 (T), and Lactococcus lactis subsp. cremoris
NCD0607 (T). Results of this phylogenetic tree analysis
were the same as results of Ez Taxon Bio Cloud web.
Taxonomy of LactoBacillus kunkeei: Kingdom of Bacteria,
Phylum Firmicutes, Class Bacilli, Order Bacillales, Family
Bacillaceae, Genus Bacillus. Taxonomy of Lactococcus
lactis: Kingdom of Bacteria, Phylum Firmicutes, Class
Bacilli, Order Bacillales, Family Streptococcaceae, Genus
Lactococcus.
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KJ394457 Lactococcus laudensis 4195 (T)

87

EF694028 Lactococcus chungangensis CAU 28 (T)

85

DQ343754 Lactococcus piscium CCUG 32732 (T)
29

96

BCVN01000061 Lactococcus raffinolactis NBRC 100932 (T)
AEQQ01000116 Streptococcus agalactiae ATCC 13813 (T)
HQ335006 Streptococcus hongkongensis HKU30 (T)

86

35

LHQM01000004 Streptococcus phocae subsp. phocae ATCC 51973 (T)

55

97 JSAP01000001 Streptococcus phocae subsp. salmonis C (T)

AB828327 Streptococcus saliviloxodontae NUM 6306 (T)
99 AB828326 Streptococcus loxodontisalivarius NUM 6304 (T)

55

OTU5
OTU6
OTU7
30
99

EU770697 Lactococcus lactis subsp. tructae L105 (T)
BCVL01000058 Lactococcus lactis subsp. hordniae NBRC 100931 (T)
BALX01000047 Lactococcus lactis subsp. lactis JCM 5805 (T)

52

AB100802 Lactococcus lactis subsp. cremoris NCDO 607 (T)
AB699722 Lactococcus taiwanensis 0905C15 (T)
BCVM01000025 Lactococcus plantarum NBRC 100936 (T)
AY533171 Pilibacter termitis TI-1 (T)
ACKZ01000002 Granulicatella adiacens ATCC 49175 (T)

86
67

HQ433455 Oceanobacillus limi H9B (T)
KX881420 Vagococcus martis D7T301 (T)
99 BBEQ01000098 Lactobacillus collinoides JCM 1123 (T)
57

99

AZFD01000165 Lactobacillus paracollinoides DSM 15502 (T)
KP677494 Lactobacillus insicii TMW 1.2011 (T)
OTU4
99

77

JXDB01000004 Lactobacillus kunkeei YH-5 (T)
OTU2

48

JX099541 Lactobacillus apinorum Fhon13N (T)
AYYQ01000014 Lactobacillus ozensis DSM 23829 (T)

41
62

CP018906 Lactobacillus curieae CCTCC M2011381 (T)

0.02

Figure 3. Phylogenetic tree of 16S rRNA gene of lactic acid bacteria from flowers and the hives of Apis dorsata in Kupang District,
East Nusa Tenggara, Indonesia with MEGA 7 (bootstrap analysis with 2000 replication) software. Note: OTU code refers to Table 5.

Diversity of lactic acid bacteria from Apis dorsata hives
was higher than diversity of lactic acid bacteria from
flowers. Lactic acid bacteria from Apis dorsata hives and
flowers were closely related to LactoBacillus kunkeei and
Lactococcus lactis. Based on results of bacterial diversity
analysis, lactic acid bacteria from flowers and Apis dorsata
hives in East Nusa Tenggara (Indonesia) can be predicted
as potential candidates for probiotics with functional
properties as antibacterial and antifungal. We note that the
diversity analysis using DGGE method has limitations,
because it is not compatible to analyze the long DNA
fragments. We recommended for further research to
quantify the diversity of lactic acid bacteria by advanced
methods such as metagenomic with next-generation
sequencing methods to examine culturable and
unculturable lactic acid bacteria from hives and flowers of
native honeybees.
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Abstract. Yanti Y, Warnita, Reflin, Nasution CR. 2018. Characterizations of endophytic Bacillus strains from tomato roots as growth
promoter and biocontrol of Ralstonia solanacearum. Biodiversitas 19: 906-911. Bacterial wilt caused by Ralstonia solanacearum is the
most damaging vascular pathogens in tomato and many other crops in tropical, subtropical and warm temperate areas of the world
limiting its production. Biological agents such as Plant growth Promoting Rhizobacteria (PGPR) is considered as a potential biological
control agent for the suppression of plant diseases such as bacterial wilt. Bacillus spp. are one of the most potential genera of PGPR
group used for controlling pathogens and promoting plant growth because of their spore-forming ability which increases their adaptation
to the environment. The aims of the research were to isolate Endophytic Bacillus isolates, to characterize its ability as plant growth
promoter and pathogen controller, and to identify its molecular genetic using 16S rRNA. Bacillus strains were isolated from healthy
tomato roots. All Bacillus spp. strains acquired from isolation were then screened directly on plants in completely randomized design
experiments with 3 replications. All potential strains were screened and identified using 16S rRNA with 27F and 1492R primers. Results
showed that out of 15 obtained isolates, 6 of them showed a good ability to both promote growth and control R. solanacearum. All
isolates were identified as B. Pseudomycoides strain NBRC 101232, B. cereus strain CCM 2010, B. toyonensis strain BCT-7112, B.
anthracis strain ATCC 14578, B. cereus strain JCM 2152 and B. cereus ATCC 14579.
Keywords: Bacillus, biocontrol, PGPR, Ralstonia solanacearum

INTRODUCTION
Bacterial wilt disease is one of the important serious
vascular diseases in tomato crop caused by Ralstonia
solanacearum. This disease affected the crop losses around
15% to 55% worldwide (Basu 2014; El-Argawy and Adss
2016). Several efforts to control this disease are difficult
due to the high variability of the pathogen. In addition, the
use of chemical agents to control this disease is limited
because this pathogen has a high capacity to survive in
diverse environments and has an extremely wide host
range. Therefore, another effort to control this disease with
environment-friendly is important. Biological agents are
desirable environmental friendly methods to control
pathogen diseases (Nguyen and Ranamukhaarachchi 2010).
Since biological control is a key component of integrated
disease management, it is important to find another plant
growth promoting rhizobacteria (PGPR) used to against
specific pathogens and evaluated its antagonistic activity to
other pathogens for wider applications (Nakkeeran et al.
2006).
Endophytic bacteria are one of candidates of PGPR
group. They inhabit plant tissues, for part or all of their life
without causing any apparent disease symptom (Schulz and
Boyle 2008). Endophytes can be found in any plants and
reside in any part of plant organs such as roots (Ryan et al.
2008). Bacterial endophytes had no effect on host plants
and are considered as neutral bacteria. In many cases,

bacterial endophytes provide beneficial effects to the host
such as improving plant tolerance to abiotic stresses
(Miliute et al. 2015). Thus the same ecological niche
between endophytes and pathogens are suitable
environment for bacteria to be used as biocontrol agents of
plant diseases (Berg et al. 2005). Endophytes also had
similar antagonistic effects as other bacteria such as
competitors, producers of secondary antimicrobial
metabolites, and inductors of plant resistance (Gairo et al.
2013).
Amongst the species of PGPR group, Bacillus spp. is
well known as powerful genus. Varieties of Bacillus can
promote the health and control diseases by plant pathogens
suppressions, or by nutrients competitions like iron and
phosphate or indirectly fixing nitrogen (Mc Spaden
Gardener 2004). In addition, Bacillus is also powerful
biofertilizers, biopesticides, non-pathogenic to plants. It
can also move freely and has a good competence and
survivability on rhizosphere and facultative anaerobes, so
that it can adapt living in soil at various environmental
conditions. Bacillus spp. can also sporulate in unfavorable
conditions; so that they become more resistant to harsh
conditions. Those abilities are very useful for commercial
applications because it will provide long shelf life (Niazi et
al. 2014). Bacillus-based biocontrol agents are quite
important to control bacterial plant pathogens, such as
Pseudomonas syringae on Arabidopsis (Bais et al. 2004),
Xanthomonas campestris pv. campestris on Brassica
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(Wulff et al. 2002), Xanthomonas euvesicatoria and
Xanthomonas perforans on tomato (Roberts et al. 2008), X.
campestris (now axonopodis) pv. glycines on soybean
(Salerno and Sagardoy 2003), Ralstonia solanacearum on
chili (Yanti et al. 2017), mulberry (Ji et al. 2008), and
tobacco (Maketon et al. 2008).
The present study was undertaken to acquire potential
Bacillus spp. for biocontrol agents of bacterial wilt disease
caused by R. solanacearum. The aims of the research were
to isolate Endophytic Bacillus isolates from tomato roots,
characterize its ability to promote growth and control
pathogens, and identify its molecular characteristics using
16S rRNA.
MATERIALS AND METHODS
Study area
This research has been done in Microbiology Laboratory,
Department of Plant Protection, and screen house, Faculty
of Agriculture, Universitas Andalas, Padang, Indonesia.
Bacillus spp. isolation
Samples of tomato roots collected from healthy tomato
plants in tomato fields diseased by R. solanacearum were
obtained in the Tanah Datar and Solok Districts, West
Sumatra, Indonesia. Bacillus spp. was isolated from roots
by firstly surface sterilization with sequentially 1-minute
aquadest. Subsequently, roots were soaked in NaOCl 1%
for 1 minutes followed by washing with 3 times aquadest
for 1 minutes each. Roots were then macerated and both
(external and internal suspension) diluted to 10-4, followed
by heating in water bath at 80oC for 10 minutes. 0.1 mL of
each suspension were cultured into medium containing
Tryptic Soy Agar (TSA, HiMedia®). This medium was
made by pouring into petri dishes when it was still in liquid
state with temperature between 45 to 50oC for 48 h. Each
Different colonies growth in the medium were then reisolated and cultured in TSA to acquire the pure colony.
Hypersensitive (HR) reaction
The Hypersensitive reactions were done by infiltrating
the Mirabilis jalapa leaves with 108 CFU/mL, which was
acquired by comparing McFarland solutions in the scale of
8. The infiltrated leaves were then incubated for 48 hours
(Yanti et al. 2017). The occurrence of necrosis on the M.
jalapa leaves indicated the positive HR reactions of
Bacillus, which was suspected as pathogens so that it could
not be used further.
Multiplication of isolates
1 pure isolated colony was streaked and cultured in
25mL of liquid medium containing Tryptic Soy Broth
(TSB, HiMedia®), which was then incubated in rotary
shaker with the speed of 110 rpm for 24 hours. 1 mL of
those liquid-incubated preculture bacteria were then
transferred into 150 mL of sterile coconut water in
Erlenmeyer flask for main culture and incubated for 2x24
hours (Yanti and Resti 2010). The suspension of Bacillus
spp. isolates from main culture were then diluted to obtain
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the estimated density of 108 CFU/mL by comparing with
McFarland with scale of 8 (Habazar et al. 2007).
Bacterial infiltrated seed procedure and seed
germination
Tomato seeds were infiltrated with each Bacillus spp.
strains by dipping into the bacterial suspension culture with
the density of 108 CFU/mL (Compared with McFarland
Scale 8). The bacteria infiltrated seeds were germinated
into seed trays for 21 days.
Planting
All tomato seedlings infiltrated with each Bacillus spp.
strains growth in seedtrays were then removed into polybag
(30 x 30 x 40 cm3) containing with sterilized soil and
organic manure (2: 1 v/v) (Yanti et al. 2013). Seedling
samples were set in triplications, which were then
introduced with the same Bacillus spp. isolates using
dipping methods. R. solanacearum was inoculated into
seedlings at 2 weeks after planting.
Growth observation and data analysis
The growth parameters, i.e., seedlings’ height,
incubation time, incidence, severity, plant height, number
of leaves, first flowering time and yields have been
observed. Data were then analyzed using analysis of
variance (ANOVA) with statistic 8 software. Effectivity of
data also calculated to know its effectiveness from control
using formula by Sivan and Chet (1986) that is E = {
(treatment-control)/control} x 100%. Treatments with
significant differences were further analyzed using
Duncan's Multiple Range Test (DMRT) test with 5%
significance.
16S rRNA bacteria identifications
Bacillus spp. isolates were identified based on its 16S
rRNA. Bacterial Genomic DNA was extracted by
following manufactures of PureLink Genomic DNA mini
Kit (Invitrogen, Thermo Scientific Inc. USA). The
extracted DNA was then amplified using PCR with
universal primers (27F and 1492R). PCR conditions were
done by following Xiong et al. (2014) consisting of
denaturation at 94°C for 1 min, annealing at 54°C for 30 s
and extension at 72°C for 1 min for 30 cycles and final
extension for 30 minutes. The 16S fragment was then
sequenced in Macrogen Inc. (Korea).
RESULTS AND DISCUSSION
Effects of PGPR derived from Bacillus spp. on tomato
seedlings
The isolation of Bacillus spp. endophytes from healthy
tomato roots resulted in 15 bacterial isolates. Those isolates
are B.1.1.1, B.1.1.2, B.1.2.1, B.1.3.5, B.2.3.4, B.5.2.6,
B.3.4.1, B.3.3.2, B.3.3.4, B.4.2.2, B.4.1.2, B.4.3.6, B.4.4.2,
B.1.3.1 and B.2.2.1 Of all sampling locations, the obtained
Bacillus spp. Isolates was differed (Fig. 1a). Thus, isolates
were then assayed for its ability to be used as PGPR for
promoting growth rate of tomato and increasing yields in
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plant conditions. The ability of bacterial isolates used as
PGPR had been assayed in seeding stage and planting
stage. Tomato seeds infiltrated by 12 out of 15 Bacillus
spp. isolates showed a significant difference in seedling
height and leaves (Table 1). In this study, 12 of 15 isolates
could increase plant germinability and seedling height. In
addition, indigenous Bacillus spp isolates could increase
seedling height with the effectivity between 20.23 to
61.13%. Isolates affecting on the higher seedling height
and leaves number than control were B.1.1.1, B.1.1.2,
B.1.2.1, B.1.3.5, B.2.3.4, B.5.2.6, B.3.4.1, B.3.3.2, B.3.3.4,
B.4.2.2, B.4.1.2 and B.4.3.6.
Besides their ability to promote growth of tomato
seeding stage, the ability of Bacillus spp. isolates to control
R. solanacearum in plant had been observed. The ability of
Bacillus spp. isolates introduced to plant showed the
decrease trends in terms of incubation time, incidence and
severity of diseases (Table 3). Interestingly, 6 isolates of
Bacillus had decreased in the incidence level-up to 100%
without infectious symptoms until the end of observations
(Fig. 1b). It could also be seen that Bacillus spp. Infiltration
could promote plant growth after inoculation of pathogen
into plant. Isolates B.1.1.1, B.1.1.2, B.1.2.1, B.1.3.5,
B.2.3.4, and B.5.2.6 had the highest ability to promote
growth rate of tomato and also had zero incidences without
showing symptoms of diseases.
The height of plants after Bacillus spp. isolates
introductions increased compared to control (Table 3).
Only 10 isolates introduced to plant showed the lower plant
height than that in control (Table 3). Meanwhile, plant
height of another isolates introduced to plant, i.e., B.1.1.1,
B.1.1.2, B.1.2.1, B.1.3.5, B.2.3.4, and B.5.2.6 had the
higher plant height compared to that in control. B.1.1.2
isolate was the best isolates for promoting plant height with
reaching to 127.20 cm and the effectivity level of 56.52%
compared to those of control. The total number of tomato
leaves introduced with IEB also increased where the
highest one was obtained from plant introduced by B.1.1.1
isolate with total number of leaves was 54.00.

A

The infiltration of Bacillus spp. isolates to plant also
showed the higher promotion rate of generative stage on
tomato (Table 4). The used isolates i.e. B.1.1.1, B.1.1.2,
B.1.2.1, B.1.3.5, B.2.3.4 and B.5.2.6 could also promote
flowering time and increase yields of tomato plants.
Bacillus spp. isolates introduced to tomato plants could
reduce the disease development and increase plant growth
as well as increase flowering time and yields. B.1.1.1
isolate introduced to plant showed the fastest flowering
time (22.00 days after planting (DAP) followed by B1.1.2
isolate (24 DAP). Those isolates also showed the highest
yields 299.00 with the effectivity of 115.73% and 260.00g
with the effectivity of 87.59% compared to control (138.60
g).
Table 1. The growth of tomatoes introduced with Indigenous
Bacillus spp. isolates
Isolates
Seedlings’
of
Effectivity Seedlings’ Effectivity
height
Bacillus
(%)
leaves
(%)
(cm)
spp
B.1.1.1
9.023 a
61.13
4.10 a
105.00
B.1.1.2
8.650 ab
54.46
4.00 ab
100.00
B.1.2.1
8.070 bc
44.11
4.00 ab
100.00
B.1.3.5
7.933 bc
41.66
4.00 ab
100.00
B.2.3.4
7.867 bc
40.48
3.90 ab
95.00
B.5.2.6
7.567 bcd
35.13
3.90 ab
95.00
B.3.4.1
7.567 bcd
35.13
3.90 ab
95.00
B.3.3.2
7.500 cd
33.93
3.90 ab
95.00
B.3.3.4
7.500 cd
33.93
3.90 ab
95.00
B.4.2.2
7.300 cd
30.36
3.80 ab
90.00
B.4.1.2
6.833 d
22.02
3.80 ab
90.00
B.4.3.6
6.733 d
20.23
3.80 ab
90.00
Control
5.600 e
3.20 ab
B.4.4.2
4.333 f
-22.63
3.20 ab
0.00
B.1.3.1
4.120 f
-26.43
2.00 c
-37.50
B.2.2.1
4.115 f
-26.52
2.00 c
-37.50
Note: Values followed by the same letters in the same column do
not differ significantly at 5% probability level according to Least
Significance Different test

B

C

Figure 1. A. Bacillus spp. isolated from tomato roots; B. Tomato plants inoculated with R. solanacearum showed symptoms; C. Healthy
tomato (control)
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Table 2. Disease development of R. solanacearum to tomato plants introduced with Indigenous Bacillus spp. isolates
Incubation
Incidence
Severity
DAI
Effectivity (%)
%
Effectivity (%)
Severity
Effectivity (%)
B.1.1.1
42.00*
46.55
0
100.00
0
100.00
B.1.1.2
42.00*
46.55
0
100.00
0
100.00
B.1.2.1
42.00*
46.55
0
100.00
0
100.00
B.1.3.5
42.00*
46.55
0
100.00
0
100.00
B.2.3.4
42.00*
46.55
0
100.00
0
100.00
B.5.2.6
42.00*
46.55
0
-100.00
0
-100.00
B.3.4.1
37.20
29.80
20
-66.67
1
-50.00
B.3.3.2
34.60
20.73
20
-66.67
2
0.00
B.3.3.4
32.20
12.35
40
-33.33
2
0.00
B.4.2.2
30.40
6.07
40
-33.33
2
0.00
Control
28.66
60
2
B.4.1.2
25.00
-12.77
40
-33.33
1.5
-25.00
B.4.3.6
27.00
-5.79
60
0.00
2
0.00
B.4.4.2
23.60
-17.66
60
0.00
3
50.00
B.1.3.1
20.00
-30.22
60
0.00
4
100.00
B.2.2.1
20.00
-30.22
60
0.00
4
100.00
Note: * = no symptoms appear until last day observations. Values followed by the same letters in the same column do not differ
significantly at 5% probability level according to Least Significance Different test
Isolates

Out of 15 isolates, 6 isolates showed the best ability
both to promote plant growth and to control R.
solanacearum. According to 16S rRNA sequencing
analysis (Table 4), sample isolates were identified as B.
Pseudomycoides strain NBRC 101232, B. cereus strain
CCM 2010, B. toyonensis strain BCT-7112, B. anthracis
strain ATCC 14578, B. cereus strain JCM 2152 and B.
cereus ATCC 14579.
Discussions
The biological control of plant diseases is one of viable
alternatives to control chemical agents in sustainable
agriculture (Killani et al. 2011). The application of PGPR
is one of the best potential approaches to disease
management and crop productivity improvement in
sustainable agriculture (Rammamoorthy et al. 2001). The
present study carried out to screen indigenous Bacillus
isolates to promote growth yields and to control R.
solanaceraum in plant and to identify the selected isolates.
The results show that Bacillus spp. introduced to tomato
plant significantly reduced the severity of bacterial wilt
disease caused by R. solanacearum and also promoted
plant growth as well as increased yields of tomato.
Utilization of indigenous endophyte bacteria isolates in
decreasing pathogen diseases had been developed such as
the increase of plant defense using P12Rz2.1 isolate and
P14Rz1 isolate to control bacterial pustule disease (Yanti et
al .2013). Another isolate, i.e., ST26c could control
Phytophthora capsici on chili (Khaeruni et al. 2011),
RB.2.4 isolate could control incidence and severity of
Fusarium wilt on tomato (Khaeruni et al. 2013), PKLK5
and P11a isolates could decrease Xanthomonas oryzae pv.
oryzae on rice (Khaeruni et al. 2014), CRb-26, CRb-39,
CRb-17, CRb-9 dan CRb-14 isolates could increase
seedings, growth and control blight disease on cotton
(Mondal et al. 1999) and S188, s215, s288 isolates could
control R. solanacearum on tomato (Ramadasappa et al.
2012).

Bacillus strain produces a variety of powerful antibiotic
metabolites (Peyopux et al. 1999) and lipopeptides
belonging to surfactin, iturin and fengycin families
(Rahman et al. 2007). Bacterial endophytes are well known
for its beneﬁcial effects on host plants (Puente et al. 2009).
The ecological niches which are similar to phytopathogens,
makes endophytic bacteria are more suitable as biocontrol
agents (Berg et al. 2005) and more stable to control
pathogens. The growth reductions of R. solanacearum by
Bacillus spp. and their in vitro inhibition zones might be
due to the activity of lytic enzymes like protease and the
synthesis of antibiotics, which are the most common
characteristics associated with PGPR (Mazurier et al.
2009).
Table 3. Height and total of leaves of tomato introduced with
Indigenous Bacillus spp. isolates
Height
Total of leaves
Effectivity
Effectivity
(cm)
Leave (s)
(%)
(%)
B.1.1.1
126.60 a
105.52
54.00 a
175.51
B.1.1.2
127.20 a
106.49
52.00 a
165.31
B.1.2.1
115.00 b
86.69
44.80 a
128.57
B.1.3.5
109.00 c
76.95
43.80 b
123.47
B.2.3.4
95.60d
55.19
35.60 c
81.63
B.5.2.6
92.60 d
50.32
36.00 c
83.67
B.3.4.1
86.80 e
40.91
32.80 d
67.35
B.3.3.2
83.60 ef
35.71
27.60 e
40.82
B.3.3.4
80.80 fg
31.17
24.00 f
22.45
B.4.2.2
80.80 fg
31.17
19.60 g
0.00
Control 61.60 j
19.60 g
B.4.1.2
74.00 h
20.13
16.00 h
-18.37
B.4.3.6
81.80 f
32.79
14.80 h
-24.49
B.4.4.2
80.00 fg
29.87
16.40 h
-16.33
B.1.3.1
68.00 i
10.39
16.20 h
-17.35
B.2.2.1
62.40 j
1.30
17.20 gh
-12.24
Note: Values followed by the same letters in the same column do
not differ significantly at 5% probability level according to Least
Significance Different test
Isolates
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Table 4. The first flowering time and yields of tomato introduced
with indigenous Bacillus spp. isolates
First flowering time
Yields
Effectivity
Effectivity
DAP
(g)
(%)
(%)
B.1.1.1 22.00 a
48.60
299.00 a
115.73
B.1.1.2 24.00 ab
43.93
260.00 b
87.59
B.1.2.1 25.60 b
40.19
248.00 bc
78.93
B.1.3.5 26.00 b
39.25
227.60 c
64.21
B.2.3.4 29.20 c
31.78
192.00 d
38.53
B.5.2.6 32.80 d
23.36
190.60 d
37.52
B.3.4.1 34.40 d
19.63
152.00 e
9.67
B.3.3.2 38.40 e
10.28
152.00 e
9.67
B.3.3.4 41.20 f
3.74
150.00 e
8.23
B.4.2.2 42.00 fg
1.87
143.00 e
3.17
Control 42.80 fgh
0.00
138.60 ef
0.00
B.4.1.2 43.20 fgh
-0.93
136.00 ef
-1.88
B.4.3.6 43.60 gh
-1.87
113.00 f
-18.47
B.4.4.2 44.00 ghi
-2.80
69.600 g
-49.78
B.1.3.1 44.80 hi
-4.67
68.400 g
-50.65
B.2.2.1 46.00 i
-7.48
22.800 h
-83.55
Note: Values followed by the same letters in the same column do
not differ significantly at 5% probability level according to Least
Significance Different test
Isolates

Table 4. The nucleotide similarity of indigenous Bacillus spp.
isolates based on 16S rRNA identifications using BLAST-N
Isolates

Sequence analysis results

B.1.1.1
B.1.1.2
B.1.2.1
B.1.3.5
B.2.3.4
B.5.2.6

B. pseudomycoides strain NBRC 101232
B. cereus strain CCM 2010,
B. toyonensis strain BCT-7112,
B. anthracis strain ATCC 14578
B. cereus strain JCM 2152
B. cereus ATCC 14579.

% of
Similarity
94
94
95
97
95
96

Based on properties of strains, only little direct
activities showed being related to biocontrol activity,
whereas from previous research (Yanti et al. 2017), all
isolates showed the best biocontrol activity with no R.
solanacearum symptoms appears. Based on these results, it
could be concluded that most of all strains had ability in
controlling R. solanacearum via indirectly mechanisms
such as Induced Systemic Resistance (ISR). According to
Kloepper et al. (1999), ISR could be one of the most
important mechanisms against systemic pathogens such as
R. solanacearum. Other studies had also reported that ISR
could be triggered by bacteria inoculation (Van Peer et al.
1991; Benhamou et al. 1996; Wilhelm et al. 1998).
However, Need further research to characterize all the
Bacillus spp. activity in inducing systemic resistance of
tomato plants should be conducted.
Strains of Bacillus have been widely studied for
enhancement of plant growth (Kloepper et al. 2004).
Species of Bacillus are commonly inhabiting inner tissues
of various species of plants, including cotton, grape, peas,
spruce, and sweet corn, where they play an important role
as biocontrol and growth promotor (Berg et al. 2005).

Recently, Choudhary and Johri (2008) reported that
mechanisms and role of Bacillus species as inducers of
systemic resistance in relation to plant-microbe interactions
and its pathways involved in their regulation. Kloepper et
al. (2004) also reported that speciﬁc strains from the
species of B. amyloliquefaciens, B. subtilis, B. pasteurii, B.
cereus, B. pumilus, B. mycoides, and B. sphaericus shown
signiﬁcant reductions in the incidence or severity of various
diseases on various hosts including greenhouse studies or
ﬁeld trials on plants such as tomato, bell pepper,
muskmelon, watermelon, sugarbeet, tobacco, Arabidopsis
species, cucumber, loblolly pine, and tropical crops.
Our 16S rRNA identifications showed that the
similarity of several isolates, i.e., B. cereus, B.
pseudomycoides B. antrachis and B. toyonensis. B. cereus
had been reported as growth promoter and systemic
resistance inducers in Arabidopsis thaliana (Niu et al.
2011), growth promoter in red pepper seedlings and
gibberellin producer (Joo et al. 2004). In addition, B.
toyonensis had been reported as bacteria, which could be
used to promote growth of Arabidopsis and Datura
(Rahmoune et al. 2017) and biocontrol of Fusarium
oxysporum on tomato (Rocha et al. 2017). On the other
hands, B. pseudomycoides and B. antrachis used as PGPR
or biocontrol agents of plant pathogens did not widely
report, yet. This means that those could be considered as
newfound novel species of PGPR from Bacillus genera.
Although, our findings did not much prove the effect of
PGPR as biocontrol agents to plant pathogens.
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Abstract. Sidik I, Subasli DR, Sumitro SB, Widodo N, Kurniawan N. 2018. Short Communication: First record of the Genus Calamaria
(Squamata: Colubridae: Calamariinae) from Karimunjawa Island, Indonesia: Morphology and systematic. Biodiversitas 19: 912-917.
We present the first record of the Genus Calamaria from Karimunjawa Island, Central Java, Indonesia based on an unfathomable single
specimen collected in the coastal forest of Legon Moto. Morphological characters analysis revealed the specimen as Calamaria melanota.
This finding unravels the extent of the species distribution which was previously thought to be restricted in Borneo, representing the
southernmost record of this species. The examined specimen is described in detail and meticulously compared with other Calamaria species
such as C. battersbyi, C. borneensis, C. linnaei. Our study highlights several characteristic differences between the specimen and the
holotype of C. melanota.
Keywords: Biogeography, Calamaria, morphology, snake, systematic

INTRODUCTION
Indonesia is a fascinating archipelagic country that has
been known for its species diversity of Genus Calamaria in
the Oriental zone (Inger and Voris 2001). Reports show
that more than half the total numbers of Calamaria in the
world are present in Indonesia (Iskandar et al. 2012).
Currently, there are 41 species of Calamaria in Indonesia
from the total 61 species, placing Indonesia as the region
with the highest Calamaria species number worldwide
(Uetz and Hallermann 2016). Calamaria were found in the
western to eastern part of Indonesia from Sumatra (16
species), Simeulue (2), Nias (3), Siberut (1), Riau Islands
(1), Bangka (2), Belitung (2), Java (10), Bali (1), Borneo
included of Kalimantan, Sarawak and Sabah (22), Natuna
Islands (1), Sulawesi (8) and the surrounding islands of
Banggai (1) and Buton (2), and to Seram (1) in Moluccas
(Iskandar and Colijn 2002).
There are several Calamaria species endemic to certain
locations in Indonesia. In Sumatra, there are 9 endemic
species such as C. abstrusa, C. alidae, C. crassa, C.
doederleini, C. eiselti, C. forcarti, C. lautensis, C.
margaritophora, and C. ulmeri. In Borneo there are 6
endemic species namely, C. battersbyi, C. grabowskyi, C.
gracillima, C. griswoldi, C. lumholtzi, and C. rebentischi
(Inger and Marx 1965). Although, the number of endemic
species of Calamaria in Borneo is not as many as that in
Sumatra, Borneo has been home to the largest numbers of
Calamaria of all other distribution areas. In Sulawesi and

the surrounding small islands, there are 10 species, C.
acutirostris, C. apraeocularis, C. curta, C. muelleri, C.
banggaiensis, C. boesemani, C. brongersmai, C.
butonensis, C. longirostris, and C. nuchalis which are
almost all endemic to Sulawesi (Howard and Gillespie
2007; Koch et al. 2009). In Seram island, there has been
found 1 endemic species, i.e., C. ceramensis from Honitetu
(Rooij 1917). Meanwhile, there has been none endemic
Calamaria species originated from Java.
The specimen of Calamaria found in the Karimujawa
was identified as C. melanota or commonly known as
Kapuas reed snake. This species was previously recorded
in Kapuas and Barito Rivers, in the southern part of the
Schwanner Mountains in Central Kalimantan and Sarawak
(Iskandar et al. 2012). Marx and Inger (1955) also
mentioned that the distribution of C. melanota is only
found in Borneo. Karimunjawa Island with an area of 71.2
square kilometers is an island in the Islands of
Karimunjawa located in the Java Sea and administratively
belongs to the province of Central Java, Indonesia (Susanto
et al. 2014). The islands were formed from a carbonate arch
in the edge of the topographical Sundaland during the
Pleiocene Epoch about 5.3-1.6 million years ago (Smyth et
al. 2008). Although the island has been known as a tourism
destination, many locations in the island have not been
explored scientifically. The research on the diversity of
herpetofauna of Karimunjawa is rare and the information
about it is still lacking. The important papers ever
published about the island are an inventory of amphibian
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and reptiles based on specimens collected by Delsman in
1920, Dammerman in 1926, Lieftinck in 1930 and
Hoogerwerf between 1954 to1955 (Mertens 1956; 1959);
and the abundance of herpetofauna populations (Subasli
2004). However, the extent of diversity in the island still
remains unknown. It is most likely that there are still many
Calamaria species have not been discovered in the isolated
islands around the mainland. Therefore, this interesting
findings can help in understanding the existence of
Calamaria species in Karimunjawa.
.
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Karimunjawa Island is a part of the Karimunjawa
Islands which is located in the Java Sea at 5°40' 39"-5°55'
00" latitude and 110°05' 57"-110°31' 15 " longitude. The
location is within the administrative region of Jepara
District, the Province of Central Java, Indonesia and
situated about 60 nautical miles north of Semarang, the
capital city of Central Java, Indonesia (Figure 2).

MATERIALS AND METHODS
Study area
The study was conducted between April and May 2004
on the coastal forest of Legon Moto in the eastern corner of
the Karimunjawa Island. The topography comprises of hilly
forests with an altitude of 0 – 300 meters above sea level.
The forest is an uninhabited area which can only be
reached by sea travel. The vegetation of Legon Moto is
dominated by mangrove fan palms (Licuala spinosa),
leguminous trees (Caesalpiniaceae), woody climbing
shrubs (Annonaceae), euphorbias and evergreen shrubs or
small trees (Aglaia spp.) (Figure 1).

Figure 1. Coastal forest of Legon Moto in the Karimunjawa Island,
Java Sea, Indonesia which discovery habitat of C. melanota
(Photograph by Dadang R. Subasli)

JAVA SEA

Figure 2. Map of Karimunjawa on the Karimunjawa Islands located in the Java Sea, north of Java, Indonesia
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Morphological data
This paper describes the pholidosis of a single specimen
of snake found in Karimunjawa as indicated by its
characters. The specimen has been deposited as an
unidentified specimen in the herpetology collection of the
Museum Zoologicum Bogoriense (MZB) in Cibinong,
Indonesia for more than ten years. Since the specimen is
too small to be observed by naked eyes, then the
morphometric data of the head scales are observed and
analyzed by using Leica M60 modular stereo microscope
and documented with a digital camera Nikon D80 and
Tamron 60mm macro lens. The measurement of body and
tail length was done by an electronic digital caliper to the
nearest 0.01 mm. The morphological characteristics of the
specimen were compared with the holotypes of C.
melanota (RMNH.RENA 37), C. linnaei (RMNH.RENA
27) and C. battersbyi (BMNH 96.2.17.13), and the original
description of C. borneensis was examined by the authentic
literature.
The following abbreviations are commonly used to
indicate morphological characters for comparing species of
Calamaria. Body: ToL: total body and tail length,
measured from the snout to the tip of the tail; TaL / ToL:
the ratio of tail to total length. The head of a snake is the
most important thing than any other part of its body. The
three main parts analyzed in this study were the upperside
(dorsum), the underside (ventrum) and the lateral side.
Dorsum: RPf: the length of the rostral seen from above to
the prefrontal suture; PfF: the distance from the prefrontal
suture to the longest frontal; Fsu: the distance from the
frontal to the supraocular; FP: the longest distance from the
frontal to the parietal suture; PPf: the longest distance from
the parietal suture to the prefrontal; Par: shields and scales
that surround the paraparietal. Ventrum: M – ACS: mental
being in contact to the anterior chin shield or not; IL: the
number and size of infralabial; IL – ACS: the number of
infralabials touching to the anterior chin shield; ACS –
PCS: size comparison between the anterior chin shield and
the posterior chin shield; G: the number of gular; V: ventral
scales on the body; SC: subcaudal scales on the tail.
Lateral: NPto: the distance from the nasal to the
postocular; Pro: the presence of preocular; Pro-Pto: height
comparison between preocular and postocular; Pto: the
form and size of the postocular; Pro & Pto – Eye: height of
both preocular and postocular compared to the eye
diameter; EM: eye-to-mouth distance: comparison between
the diameter of eye with the distance from the bottom of
the eye to the lower part of the supralabial; SL: the number
and dimensional size of the supralabial; SLE: the number
of supralabials in contact with the eyes. The sex of the
snake is identified by its lower tail after the anal scales
revealed by dissecting the underside of the tail.
Institutional acronyms as follows: MZB = Museum
Zoologicum Bogoriense, Zoology Division, Research
Center for Biology, Indonesian Institute of Sciences,
Cibinong,
Bogor,
Indonesia;
RMNH.RENA
=
Rijksmuseum van Natuurlijke Historie, Reptiles and
Amphibians, Leiden, The Netherland (now Naturalis
Biodiversity Center); BMNH = British Museum of Natural

History (now known as Natural History Museum), London,
United Kingdom.
RESULTS AND DISCUSSION
Specimen description
A single snake specimen of Calamaria has been
collected in the Legon Moto coastal forest, Karimunjawa
Island, Central Java. The specimen was found at 5°51'25.3"
S, 110°27'56.8" E, 2 meters above sea level and about 6
meters from the shoreline when the sea water recedes. The
specimen was found under leaf litters in moist soil with
fine white sand without coral remains. The specimen was a
juvenile female collected by DRS on 26 April 2004 and
labeled as MZB.Ophi.3129 (field number DRS202),
The body of the specimen (Figure 3) is cylindrical, with
smooth scales without apical pits and with a snout-vent
length of 104 mm. The habitus is vermiform. The head is
not distinct from the neck. This genus of Calamaria is
distinguished from all other snakes by 13 rows of dorsal
scales throughout the body. In the underside of the body,
ventral scales are dark in color on the anterior and lightly
creamy on the posterior and those scales are divided by two
transversal lines. The number of ventral scales is 155. The
anal plate is single, broadened, and uniformly pale in color
without any spots. The tail length is 8 mm, a moderately
short tail and posteriorly tapered in half to the tip. The
subcaudal scales are 16 which are divided into two rows
with a fine dark line in the middle of the division. Dorsal
scales are reduced to 4 rows on the tail. The position of the
reduction on the tail can be located by counting the number
of subcaudals from tip of tail forward. The eight maxilla
teeth in specimen Calamaria from Karimunjawa Island
which has been modified to prey on earthworms
The following is the description of the dorsum portion
of the head (Figure 4.A). The rostral is higher rather than
wide, visible from above, shorter, i.e., about three quarters
the length of the prefrontal suture. Prefrontal: the suture is
shorter than that of the frontal one; in contact with the first
and second supralabials. Frontal: hexagonal in shape; the
anterior is blunter while the posterior is more pointy; about
three and a half times the width of the supraocular; the
longest frontal length is shorter than that of the parietal
suture. The parietal is one and a half times the length of the
prefrontal. The para parietal is surrounded by 6 shields and
scales.
The following is the description of the ventral of the
head (Figure 4.B). The mental is triangular, the stabbed is
in contact with the anterior chin shields (ACS), and the first
pair of infralabials are prevented from being in contact with
each other by the mental. There are 5 infralabials, the first
three scales touching the ACS; the half portion of the third
and the whole fourth of the infralabial are usually in
contact with the posterior chin shield (PCS), the fifth
infralabial is in contact with the fourth supralabial. Anterior
chin shields are larger than posterior and meet in the
midline. Less than half of the posterior chin shields meet in
the midline. There are 3 gulars in the midline between the
posterior chin shields and the first ventral.
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Figure 3. The upper side (A) and under side (B) body of C.
melanota (MZB.Ophi.3129) from the Karimunjawa Island, north
of Java, Indonesia. The first three scale rows and ventral scales
show the characteristics of this species (Photographs by Irvan
Sidik).

Figure 4. The scalation detail of the dorsum (A), ventrum (B) and
lateral (C) of the head of C. melanota (MZB.Ophi.3129) from the
Karimunjawa Island, north of Java, Indonesia (Photographs by
Irvan Sidik).

The following is the description of the lateral surface of
the head (Figure 4.C). The nasal is smaller than the
postocular. The preocular is present and smaller than the
postocular. The postocular has a saddle or elliptical orbit
form. Both oculars are not as high as the eye. Eyes are
bigger than the eye-mouth distance. There are 4
supralabials, the first is longer than the third scales; the
second and the third one is entering the eyes and have a
size of a third or less than half the length of the second one;
the fourth is the longest scale than any other supralabial.
The following are the descriptions of the specimen
upon coloration in ethanol preservative. The body showed
dark brown color with each scale exhibiting a light spot at
the posterior tip. The scales at the first three rows have
wider bright areas than those at the rows above. The
dorsum area of the head shows dark brown color with
scattered indistinct lighter spots at the prefrontal, anterior
of frontal, outer edges of the supraocular and parietal. The
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anterior of the para parietal is dark brown and posteriorly
bright. Meanwhile, the middle of the rostral and area
bordering to the prefrontal exhibit a darker coloration. The
upper half of the postocular part bordering the parietal is
brighter. The first, second and third supralabial have wider
bright area compared with that of the fourth one. The
underside of the head is light creamy in color with varying
amounts of small dark spots on the boundary of the anterior
chin shield with the mental, and the first infralabial, and at
the front edge of the third, fourth or fifth infralabial. The
upperside of the tail is brown in color similar to that of the
body. The subcaudals show similar one as the ventrals with
a dark streak in the midline. This description is reminiscent
of the original characters previously described for C.
benjaminsi by Edeling (1864). The original description of
C. benjaminsi which is similar to C. melanota by Inger and
Marx (1965) mentions that the conspicuous pattern of dark
and light streak in the ventral scales is the characteristic of
C. melanota. Comparing the specimen with this previous
species descriptions assured us that the karimunjawa
specimen is C. melanota.
Taxonomic status
The following nomenclature is the historical taxonomy
of C. melanota. In 1862, Jan first introduced C. linnaei var.
melanota with several other species as its variants: C.
linnaei var. bilineata, C. linnaei var. contaminata, C.
linnaei var. gastrogramma, C. linnaei var. rhomboidea, and
C. linnaei var. transversalis. The original statements from
his paper “Enumerazione Sistematica Delle Specie d' Ofidi
del Gruppo Calamaridae”, unfortunately, did not provide a
detailed explanation on how to distinguish one variant of C.
linnaei from the others. The identification for classification
only mentioned three striking characters including four
numbers of supralabial, mental touching the infralabial, and
on the basis of delicate teeth. Meanwhile, other characters
that distinguish between species have been described by
Schlegel (1837) and Dumeril et al. (1854).
Edeling (1864), on the other hand, has described two
new species of Calamaria collected by Mr. Benjamins, an
army physician in Martapura, southeast Kalimantan which
subsequently named as C. benjaminsii and C.
martapurensis. In 1865, Jan also published a book
"Iconographie générale des ophidiens" which includes
images contrasting C. linnaei and its varieties based on
their color pattern. Twenty-five years later Boulenger
(1894) reviewed C. linnaei var. melanota through
anatomical evidence and separated it from C. linnaei
variants. On the basis of the characteristics from the variant
of C. linnaei by Jan's iconography, differences in numbers
of the modified maxillary teeth, number of subcaudals and
the width of frontal is the same size as its length, then
Boulenger (1894) raised the taxonomical status of C.
linnaei var melanota into a distinct species as C. melanota.
The remaining species variants are still incorporated as the
variant of C. linnaei species.
Because of their similar morphological characteristics,
Inger and Marx (1965) classified C. benjaminsi as
synonymous to C. melanota and C. electa, a species
described by Barbour (1927) that is originated from Pasir
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(East Kalimantan). Another species, C. martapurensis,
previously described by Edeling is also considered
synonymous to C. schlegeli schlegeli. Since Jan was the
first person who used the characteristics of C. melanota as
the variants of C. linnaei, the applied scientific name for
the species is C. melanota Jan (1862) (Boulenger 1894).
Comparisons
The pholidotic patterns were applied to compare the
morphology of C. melanota from Karimunjawa from those
of other related Calamaria species in Borneo and Java.
Some of the similar characters are not presented in the
summary (Table 1). All the species examined have the
same number of 13 rows dorsal scales; hexagonal form of
frontal; smaller nasal size compared to that of the
postocular; the height of the preocular and postocular are
lower than the eyes level; the prefrontal scales touched
the1st and 2nd supralabial; 6 shields and scales surrounding
the para parietal; 2nd and 3rd supralabials are in contact with
the eyes; the mental is in contact with the anterior chin
shield; the anterior chin shield and the posterior chin shield
meet in the midline. Specimen from Karimunjawa that was
identified as C. melanota appeared to be most closely
related to C. battersbyi, exhibiting the following
characteristics: the eyes are larger than the eye-to-mouth
distance, having four supralabials, the same number of
modified maxillary teeth, and preocular is present.
However, the specimen also showed similar morphological
characteristics to C. linnaei for example in terms of the
number of low ventral scale (< 166), and the thick short,
blunt tail. Overall, the morphological pattern of the
specimen is geographically concordant with those of C.
melanota from Borneo.
The dorsal color pattern of C. melanota from
Karimunjawa is dark brown, and each scales has a light
spot at its posterior tip, readily distinguished from other
species such as C. battersbyi from Borneo which has

brownish dorsum and yellowish dorsal scales with brown
margins (Inger and Marx 1965). C. borneensis is known to
have dark grayish brown scales with fine dark reticulation
or scattered dark pattern (Bleeker 1860). C. linnaei has
dark brown or black to light sandy brown color, and its
dorsal scales are characterized by dark network or small
isolated black spots scattered all over its body (Boulenger
1894).
The lower surface of the body and the underside of the
tail also show a various color pattern with conspicuous
difference. Ventral scales of C. melanota from
Karimunjawa are composed of two transversed dark and
light lines; the underside of the tail is same as the ventral.
C. battersbyi possess ventral scales with dark stippling
across the anterior, and yellow across the posterior.
Meanwhile, the underside of the tail of C. battersbyi shows
a dark streak in the midline. The original description of C.
battersbyi by Inger and Marx (1965) does not provide any
means for distinguishing the color pattern in the ventral
portion in detail. C. borneensis has ventrals dark stripe
along the adjacent edges. The underside of the tail is black
and yellow checkered with varying amount of dark
pigment. C. linnaei has whitish or cream-colored ventrals
with varying amounts of dark pigment in the outer margins,
few black squares, or completely black-checkered
appearance; the underside of the tail is uniformly creamcolored or has varying intensity of black.
Furthermore, the morphological comparisons of some
specimens from Borneo generally show similarities.
However, in certain characters, there are differences
between the specimens, for example on dorsal scales of the
tail. In C. borneensis, the dorsal scales on tail are reduced
by 2nd to 11th of subcaudals and C. linnaei by 2nd to 10th
of subcaudals. Considering the specimen we obtained in
Karimunjawa Island, the distribution pattern of C.
melanota is broader than previously thought, i.e., the
species has limited distribution only in Borneo.

Table 1. Diagnostic characters to distinguish between the Karimunjawa, north of Java, Indonesia specimen with C. battersbyi, C.
borneensis, and C. linnaei. Morphometrics of the body in mm and meristic data in units of scale. M = male; F = female.
Characters

Karimunjawa

C. battersbyi

C. borneensis

C. linnaei

Morphometric
Total length
Ratio tail to total length
Rostral
Rostral to prefrontal
Frontal to supraocular
Frontal to parietal
Parietal to prefrontal
Preocular to postocular
Diameter eye to eye-mouth distance

112
0.073
Higher than wide
¾ length
3½ times width
⅘ length
1½ length
Shorter
Larger

92
0.065
Broader than high
⅓ length
1⅔ times width
¾ length
1½ length
Equal
Larger

135-374
0.061-0.133
Higher than wide
¾ length
2 times width
¾ length
1½ length
Shorter
Equal

91-396
0.029-0.113
Higher than wide
Equal length
1⅓-2 times width
Shorter to equal length
Longer about 1⅘ length
Equal
Equal to slightly greater

Meristic
Supralabial
Infralabial
Infralabial to ACS
Gular
Ventrals
Subcaudals
Tail reduction
Maxillary teeth

4
5
1st, 2nd, 3rd
3
155 (F)
16 (F)
4th
8 modified

4
5
1st, 2nd, 3rd
3
171 (M)
16 (M)
4th
8 modified

4
4
1st, 2nd
3 (rarely 2)
126-169 (M); 159-192 (F)
20-26 (M); 13-21 (F)
2nd to 11th
8 or 9 modified

4
5
1st, 2nd, 3rd
3
130-149 (M); 148-166 (F)
15-22 (M); 7-13 (F)
2nd to 10th
10 modified
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Pholidosis has always been an intriguing feature for
herpetologists interested in an enigmatic reed snake.
Regardless of its adaptive potential, the scaling characters
provide information about the species evolutionary history
and often used in the taxonomy of Calamaria. Therefore,
the characteristics and keys for species identification are
also based on or at least include information about the
pholidosis of Calamaria which is generally described by
Dumeril et al. (1854), Boulenger (1894), and Inger and
Marx (1965). Similarly, pholidosis feature is the key to
identify various species of Calamaria in Vietnam
(Darevsky and Orlov 1992; Ziegler et al. 2008), Sulawesi
and Moluccas (Koch et al. 2009). The formation of
geological history also amplifies the existence of the
evidence in various morphological characters as a result of
species evolutionary processes. We assume that these
intrinsic factors play an important role in generating
species diversity within this genus.
This species is present in Karimunjawa, yet it is known
to be absent in Java. Thus, it remains a question whether
this species might be found in Java. The Karimunjawa was
a part of the expansion of the paleogeography of
Sundaland's ancient formation on the Late Jurassic about
161.2 to 145.5 Ma (Hall 2013). At that time, the east border
of the Great Sunda shelf was between Kalimantan and
Java. Furthermore, Zahirovic et al. (2016) mention that the
physio-geography of the Sundaland spanned southward
from the eastern periphery of the complex Meratus
Mountains in Southern Kalimantan to the eastern Java.
Therefore, the Islands of Karimunjawa has been a part of
the Sundaland massive plain since ancient time.
Historically, from the point of view of taxonomic status, C.
melanota has been a complex species. Hence, the
knowledge of its existence in Karimunjawa provides
valuable information on its distribution that can explain the
biogeographical pattern of this species in Sundaland.
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Abstract. Ardhana IPG, Rimbawan IMGS., Cahyo PN, Fitriani Y, Rohani S. 2018. The distribution of vertical leaves and leaves biomass
on ten mangrove species at Ngurah Rai Forest Park, Denpasar, Bali, Indonesia. Biodiversitas 19: 918-926. The distribution of vertical
leaves and leaves biomass which forms the mangrove crown divides into three parts, namely the top part, the middle part, and the
bottom part. Total amount leaves on any parts are highly variable depending on height of each species. The relationship between the
height of tree with the crown thickness depended on total leaves of each crown on each species as well as the relationship between the
total leaves biomass of each crown on each species, with the height and volume of tree stems, also has variation on each mangrove
species. Author examined the relationship between the photosynthetic organs with non-photosynthetic organs, especially on stems in
each species. The high total amount of leaves and large total amount leaves biomass deeply is depended on diameter and growth height
which are presented in the form of stem volumes. On the relationship between the photosynthetic organs and non-photosynthetic organs
on each mangrove species, also has been examined. The higher total amount of leaves or the total amount of leaves biomass largely
depended on the stem volume of mangroves. This indicates that the production of photosynthetic organ either in the form of the total
amount of leaves or the total amount of leaves biomass serve to support growth of the stem mangrove trees (height of stem, diameter of
stem and volume of stem).
Keywords: Adaptation, multi-layer, mangrove species, vertical leaves and leaves biomass distributions

INTRODUCTION
This study includes a form of adaptation of tree
architecture both in the tropics and in the temperate
regions. This architectural form is heavily influenced by
the sunlight received by the tree crown from the top of the
tree to the lowest canopy of the tree. Form of tree
architecture adaptation is in the form of monolayer and
multilayer. Of the 10 mangrove species exhibit a multilayer
adaptive form with different distribution of leaves from the
top of the crown, middle and bottom. Meanwhile, if the
monolayer form of the number of leaf distribution shows
the number of leaves from top to bottom of the crown is
uniform because it gets a little sunlight under the shade of
tree stands in this study is not found form of monolayer
architecture adaptation. The adaptative architecture of trees
in tropical forests has been examined in successive
(Chazdon 1986; Givnish 1982). The research on adaptative
architecture of trees on mangrove forest in tropical does not
exist yet, but has done a lot of research on the distribution
of carbon stocks, and productivity of mangrove forest (see
Camacho et al. 2011; Fatoyinbo and Simard 2013; Sitoe et
al. 2014; Taberima et al. 2014; Sahu et al. 2016; Njana et
al. 2017). The research on adaptive architecture of tree in
the temperate regions has also been done (see Horn 1971;
Nicola and Pickets 1983; Ehlesinger and Kenneths 1986;

Ardhana et al. 1988). These researchers related with
adaptive architecture of trees such as the distribution of
leaves pattern, the leaves biomass and the absorption of
carbon. The distribution of leaves pattern, leaves biomass,
absorption of carbon with growth of the stem are major
causes of the highlight of environmental constraints, such
as potential total amount leaves at the bottom, middle and
top layer of crown to absorb sunlight (Chazdon 1985,
1986). The adaptive architecture of trees has possibility
which forms the response of adaptive group of leaves in
unit trees (Waller and Steingracher 1986); adaptive
photosynthesis (Givnish 1982); the role of carbon balance
and the branching pattern in growth of trees (Schulze et al.
1986). Those become major causes of stress for
environmental constraint that occurs in the part of crown
trees. If overstorey does not have full of sunlight, the
growth of crown trees is varied layers such as bottom,
middle and top layers.
The effective distribution of leaves or leaves biomass is
very important for the survival of living leaves in all
species of trees. The distribution and growth of crown
structure in overstory and understory trees are commonly
subject to various constraints such as limited light
condition in the crown trees (Chazdon 1985, 1986;
Taberima et al. 2014). The adaptive architecture of trees
may form collective response of modular unit in the plants
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(Waller and Steingraeber 1986; Taberima et al. 2014) for
the common environmental condition of leaves in the layer
of crown of overstory species. The research about the
distribution of leaves and the leaves biomass are associated
with absorption of carbon in the atmosphere at both the
photosynthesis (leaves) organs and non-photosynthesis
(stems) organs, but for mangrove species, research is rare.
The purpose of this research is to compare the
distribution pattern of vertical leaves and leaves biomass on
ten mangrove species, and to understand the relationship
between the photosynthesis organ and non-photosynthesis
organs on each mangrove species.
MATERIALS AND METHODS
This study was carried out in the secondary forest of
mangrove as former fishpond farms at Ngurah Rai Forest
Park, Denpasar, Bali, Indonesia (11509’-115014’E, 8042’8049'S) 3.5 km east of Denpasar City. The sphere of
temperature ranges from 220C-280C and annual
precipitation are 1,800 mm, with climate type of E
(Schmidt Fergusson). A study plot which has size of 20 m
x 20 m was used in this Forest Park. The soil conditions are
poor as former fishpond farms and the soil profile does not
show the developed mineral soil layers (a layer).
The crown of any tree species was divided into three
parts of crown layers which are part of top layer, middle
and bottom layer. In the plot, the light condition from the
sun is state of being open. All species belong to the
overstory species, were identified and noted, in order to
measure species density. But the leaves distribution on the
top layer, middle and bottom layer were different, and most
distribution of leaves is part of multi-layer species. But in
the bottom crown part, highest total amount leaves were
showed, and also the amount of biomass content and
carbon became high. Comparison between tree height and
crown thickness with the total amount of carbon which
absorbed by leaves as photosynthesis organs showed that
there was closely relation to any carbon content of nonphotosynthesis organs, especially the tree height of stems.
In any species, the relation between amounts of leaves with
tree height also varied with the value of r could be seen in
Figure 1, so those were showing the positive relation.
The distribution of leaves, leaves biomass, and any
carbon content of leaves were studied for ten dominant
overstory species among others Rhizophora mucronata, R.
apiculata, R. stylosa, Bruguiera gymnorrhiza, Ceriops
tagal, Sonneratia alba, Avicennia alba, Lumnitzera
racemosa, Xylocarpus moluccensis and Phempis acidula.
The sum of the sample trees can be seen in Table 1, the
sample of every tree species is divided vertically into three
parts of layers, namely the top, the middle and the bottom
part of layers, and total amount leaves in each part were
calculated over the period of June to August 2016.
Biomass of photosynthesis organs and nonphotosynthesis organs of ten mangrove species has been
calculated. Non-photosynthesis organs were obtained from
diameter, tree height and the form value in each stem of
sample species were multiplied by the value of 0.7, then
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calculated the volume of stems with the formula:
V = πr2 x T x 0.7 (Asy’ari et al. 2012)

(1)

Where:
V : Volume
T : Tree height (cm)
While to obtain the wood density of stem, it was used
the wood density from the table of Global Wood Density
Data Base (Zanne et al. 2009; ITTO 2013), which has The
International-Standard. But especially for P. acidula
species, the formula cannot be found from the global wood
density table. Hence to calculate the wood density we used
this formula:
BJ = BK (g)/V (cm3) (Daryadi et al. 1976)

(2)

Where:
BJ : Wood density (g cm-3)
BK : Wood dry weight (g)
V : Wood volume (cm3)
In order to measure wood density, we cut the part of
around branches with branch length up to 20 cm and
measured the diameter of pieces of branches, total wood
fresh weight and wood fresh weight sample regions (10
cm), and for wood dry weight sample were cut into (10 cm)
in length, and these were over dried with temperature
1000C within 48 hours of constant weight. To calculate
leaves biomass was used with the formula:
BO = Bks x Bbt / Bbs (SNI 2011)

(3)

Where:
BO : organic matter (leaves biomass) → (leaf biomass) (g)
Bbt : leaf fresh weight total (g)
Bks : leaf dry weight sample (g)
Bbs : leaf fresh weight sample (g)
To find stem biomass the allometry equation was used
which was introduced by Chave et al. (2005). This
equation is the basis of the allometry used by Chave et al.
(2005) with dividing humid climate zone (1500-4000) mm
year-1, adjusted to the study sites having annual
precipitation is 1800 mm:
BAP = 0.0509 x ρD2H (Chave et al. 2005)

(4)

Where:
BAP : biomass tree stems (g/stem) → tree stems
biomass (g/stem)

: wood density (g/cm3)
D : diameter tree stem (cm)
H : the tree height (cm)
To find the amount of carbon content, the tree stems
biomass was multiplied by the value of 0.47 according to
SNI (2011). In each species of trees the parameter of leaves
consisting of the total amount leaves, the total fresh weight,
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total fresh weight of sample, total dry weight, dry weight of
samples, and total amount of leaves area was calculated.
The leaves area were measured in the laboratory of the
Faculty of Animal Husbandry, Udayana University, Bali,
Indonesia using a leaf electric meters.
The relation between amounts of leaves, leaves
biomass, and value of carbon with the tree height has been
analyzed for all species. The regression value to all species
can be seen in Table 2.The comparison between tree height

with crown thickness and comparison between the total
amount of wood carbon and leaves carbon presented in the
form of Figure 5.
RESULTS AND DISCUSSION
The species composition of mangrove species is shown
in Table 1 which found in the study plot.

Table 1. Species composition and wood density (g/cm3) of mangrove tree species in the plot (80<H410) cm
Species

Wood density
g/cm3
0.79
0.86
0.91
0.73
0.88
0.65
0.68
0.74
0.51
0.00
0.51
0.726
-

Family

Rhizophora mucronata
Rhizophora apiculata
Rhizophora stylosa
Bruguiera gymnorrhiza
Ceriops tagal
Sonneratia alba
Avicennia alba
Lumnitzera racemosa
Xylocarpus moluccensis
Phempis acidula
Aegiceras corniculatum
Excoecaria agallocha
Derris trifoliata
Acrostichum aureum
Acanthus ilicifolius
Sesuvium portulacastrum

Rhizophoraceae
Rhizophoraceae
Rhizophoraceae
Rhizophoraceae
Rhizophoraceae
Sonneratiaceae
Avicenniacea
Combretaceae
Malvaceae
Lyctroceae
Myrsinaceae
Euphorbiaceae
Leguminosae
Pteridaceae
Acanthaceae
Aizoaceae

Individuals
(per 400 m2)
4
4
4
5
6
3
4
3
3
3
2
1
1
1
1
3

Total of
Samples trees
3
3
3
3
3
3
3
3
3
3
-

450
400

Trees Height (cm)

350
300
250
200
150
100
50
0
0

200

400

600

800

1000

1200

1400

1600

Total Leaves (sheet)
R.mucronata
S.alba

R.apiculata
A.alba

R.stylosa
L.racemosa

Figure 1. Regression of the leaves number (sheet) and trees height (cm)

B.gymnorrhiza
X.molluccensis

C.tagal
P.acidula

1800
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The relationship between the number of leaves and the
tree height
The relationship between the number of leaves and tree
height for ten mangrove species can be seen in Figure 1.
In each species, total amount of leaves per tree
increased with tree height from smallest tree up to highest
tree. The total amount of leaves increase, then followed by
increase in tree height. In every mangrove species sampled,
leaf vertical distribution shows the leaf expansion phase
with the regression equation of all mangrove species can be
seen in (Table 2).
The height of the trees from of varies sample each
individual showing the total number of leaves increased as
the development phase of leaves so that the number of
leaves for all species is still relatively growing as shown in
Figure 1.
The result of these research indicated that most leaves
were supported by the high light intensity (full of sunlight),
because all mangrove species belong to the category of
overstory species.
For each mangrove species the leaves characteristic of
were defined with the data about the total area of leaves
(cm2), total fresh weight of leaves (g) and the total amount
of leaves (sheet), specific leaf area (cm2/g), leaf area(cm2)
and fresh leaf weight (g) in each species could be seen in
Table 3 and 4.
The total amount of leaves which were varied in each
species ranged from 471.90 sheets for R. stylosa and
1154.23 sheets to B. gymnorrhiza (Table 5 ).
Vertical distribution of leaves biomass and leaves
carbon in each mangrove species
The vertical analysis of leaves distribution, biomass and
leaf carbon content were carried out for ten mangrove
species. The analysis showed that the vertical distribution
of leaves varied for all tree species in Figure 2. Comparison
of total leaves, leaves biomass, and leaves carbon among
species can be seen in Figure 3.
The crown thickness is the height of top crown to
bottom crown in each tree species, where some leaves
occur. The analysis showed that in each species the leaves
were classified into multilayer type. The comparison
between tree height and the thickness of crown increased
with the addition of another crown that may be caused by
the number of leaves in leaf increasing phase. The crown
thickness can be seen in Figure 4 with their standard
deviations (Table 6).

biomass and wood carbon absorption, were presented in the
form of Figure 5.
The ratio between photosynthesis organs (leaves
carbon) and non-photosynthesis organs (wood carbon)
could influence to productivity of biomass and carbon per
unit in each species. The ratio of leaves carbon (F) against
wood carbon as the non-photosynthesis organs (C) has
been made in leaf-increasing phase. Each species is having
the ratio of C/F varying as shown in Table 7.
Table 2. Regression value of leaf number (sheet) and tree height
(cm)
Species
R. mucronata
R. apiculata
R. stylosa
B. gymnorrhiza
C. tagal
S. alba
A. alba
L. racemosa
X. moluccensis
P. acidula

Equation
y = 0.3901x + 56.424
y = 0.1905x + 45.825
y = 0.2709x + 123.18
y = 0.1988x + 80.18
y = 0.1224x + 53.835
y = 0.3282x + 0.5284
y = 0.6828x-404.26
y = 0.021x + 180.79
y = 0.1041x + 53.488
y = 0.1389x + 40.917

R2
R² = 0.883
R² = 0.8215
R² = 0.7653
R² = 0.8743
R² = 0.6353
R² = 0.9704
R² = 0.9412
R² = 0.8096
R² = 0.9581
R² = 0.8252

Table 3. Total leaves/tree (sheet), average leaf fresh weight/tree
(g), and average leaf area/tree (cm2) in leaf-increasing phase
Ranges
Average Average
Total
of
Total
leaf fresh
Leaf
Species
sample
height Leaves/tree weight/tree area/tree
trees
(cm)
(g)
(cm2)
R. mucronata
3 211-410 668.00
0.0178
5.07
R. apiculata
3 162-310 970.23
0.0085
3.33
R. stylosa
3 190-305 471.90
0.0143
2.73
B. gymnorrhiza 3 236-393 1154.23
0.0100
3.81
C. tagal
3 134-200 889.40
0.0846
2.20
S. alba
3 158-300 696.23
0.0242
2.51
A. alba
3 110-241 831.77
0.0253
1.33
L. racemosa
3 188-215 963.03
0.0223
0.89
X. moluccensis
3
80-154 670.67
0.0579
2.13
P. acidula
3
88-177 670.17
0.0610
1.24

Table 4. Specific to leaf area (cm2/g)

Species

The relationship between the photosynthesis organ and
the non-photosynthesis organ
The vertical distribution of non-photosynthesis organs
(stems) and photosynthesis organ (leaves) were presented
in the forms of tree height, leaves biomass and absorption
of carbon, and showed the same form although in each
species have different sizes of trees.
The comparison between photosynthesis organs and
non-photosynthesis organs either in the form of crown
thickness as the total amount of leaves, leaves biomass and
carbon of leaves and the form of tree height, as the wood
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R. mucronata
R. apiculata
R. stylosa
B. gymnorrhiza
C. tagal
S. alba
A. alba
L. racemosa
X. moluccensis
P. acidula

Leaf area
(cm2)

Leaf fresh
weight
(g/sheet)

5.07
3.33
2.73
3.81
2.20
2.51
1.33
0.89
2.13
1.24

0.0178
0.0085
0.0143
0.0100
0.0846
0.0242
0.0253
0.0223
0.0579
0.0610

Specific of
leaf area
(sheet)
(cm2/g)
284.831
391.765
190.909
381.000
26.005
103.719
52.569
39.910
36.788
20.328
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Table 5. Total leaves (sheet), for each mangrove tree
Total leaves (sheet)
I
II
R. mucronata
Top crown
136
265
Middle crown
291.9
226.1
Bottom crown
394
301
R. apiculata
Top crown
298
139
Middle crown
286
141.7
Bottom crown
512
289
R. stylosa
Top crown
83
72
Middle crown
147.8
184.9
Bottom crown
157
429
B. gymnorrhiza
Top crown
443
112
Middle crown
375.3
100.5
Bottom crown
764
707.3
C. tagal
Top crown
153
100
Middle crown
370
313.3
Bottom crown
514.8
581
S. alba
Top crown
100
108
Middle crown
142.6
169
Bottom crown
496
608
A. alba
Top crown
132
131
Middle crown
253.2
158.4
Bottom crown
440
643
L. racemosa
Top crown
221
102
Middle crown
148.8
176.3
Bottom crown
263
345.2
X. moluccensis
Top crown
132
39
Middle crown
283
52
Bottom crown
600
201
P. acidula
Top crown
106
38
Middle crown
193
94
Bottom crown
248.5
871
Note: X = Total leaves (sheet); X = Average of leaves (sheet).
Species

X

III
38
171
181
92
230
923
60
124
158
243
275.6
442
174
160
302.1
96
114.1
255
127
112.7
498
112
562
958.8
84
183
438
39
131
290

439.00
689.00
876.00
529.00
657.70
1.724.00
215.00
456.70
744.00
798.00
751.40
1.913.30
427.00
843.30
1.397.90
304.00
425.70
1.359.00
390.00
524.30
1.581.00
435.00
887.10
1.567.00
255.00
518.00
1.239.00
183.00
418.00
1.409.50

X

Total leaves/ trees

146.33
229.67
292.00
176.33
219.23
574.67
71.67
152.23
248.00
266.00
250.47
637.77
142.33
281.10
465.97
101.33
141.90
453.00
130.00
174.77
527.00
145.00
295.70
522.33
85.00
172.67
413.00
61.00
139.33
469.83

668.00
970.23
471.90
1154.23
889.40
696.23
831.77
963.03
670.67
670.17

Table 6. Standard deviation of tree height and crown thickness
X
Trees height (cm)
R. mucronata
317.00
R. apiculata
230.67
R. stylosa
251.00
B. gymnorrhiza
309.67
C. tagal
162.67
S. alba
229.00
A. alba
163.67
L. racemosa
201.00
X. moluccensis
123.33
P. acidula
134.00
Note: SD = Standard deviation; X = Average

Species

SD trees height
317.00 ± 211.33
230.67 ± 153.78
251.00 ± 167.33
309.67 ± 206.44
162.67 ± 108.44
229.00 ± 152.67
163.67 ± 109.11
201.00 ± 134.00
123.33 ± 82.22
134.00 ± 89.33

X
Crown thickness (cm)
258.67
201.00
212.67
285.33
142.67
183.00
125.33
196.00
104.67
126.00

SD Crown thickness
258.67 ± 172.44
201.00 ± 134.00
212.67 ± 141.78
285.33 ± 190.22
142.67 ± 95.11
183.00 ± 122.00
125.33 ± 83.56
196.00 ± 130.67
104.67 ± 69.78
126.00 ± 84.00

Table 7. Ratio of wood carbon (C) (g) and leaves carbon (F) (g)
Species
R. mucronata
R. apiculata
R. stylosa
B. gymnorrhiza
C. tagal
S. alba
A. alba
L. racemosa
X. moluccensis
P. acidula

Trees
height (cm)
317.00
230.67
251.00
309.67
162.67
229.00
163.67.
201.00
123.33
134.00

Wood
biomass (g)
180.92
53.69
61.40
134.85
117.88
135.04
15.01
199.72
45.38
0.00

Wood
carbon (C)(g)
84.92
25.23
38.86
63.38
55.40
63.47
7.06
93.87
21.33
0.00

Crown
thickness (cm)
258.67
201.00
212.67
285.33
142.67
183.00
125.33
196.00
104.67
126.00

Leaves
biomass (g)
62.08
51.12
47.87
65.75
20.94
24.01
22.07
20.97
19.48
11.3

Leaves
carbon (F) (g)
29.18
24.03
22.5
30.87
9.84
11.29
10.37
9.86
9.15
5.31

Ratio C/F
2.91
1.05
1.73
2.05
5.63
5.62
0.68
9.52
2.33
0.00
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Figure 2. The distribution of total leaves (TL) (sheet), leaves biomass (BOL) (g), and leaves carbon (CL) (g)
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Figure 3. Comparison of total leaves (TL) (sheet), leaves biomass (BOL)(g), and leaves carbon (CL)(g)
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Figure 5. The comparison of trees height, wood biomass, wood carbon, and crown thickness, leaves biomass, leaves carbon
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Figure 4. The comparison of tree height and crown thickness

Discussion
The relationship between the total amount of leaves and
tree height in ten mangrove species showed that each
species still at the leaf increasing phase. In the leaf
increasing phase, tree height was followed by the total
amount of leaves that formed crown layers at the top,
middle and bottom part of each tree. In each species, the
total amount of leaves did not constant, but continues to
grow as seen in Figure 1 with regressions that evaluated
positive value as shown in Table 2. This condition possibly
was caused by the tree age of the species, because these
trees were still young (approximately about 3 years of age),
and also perhaps due to the land conditions that were poor,
dominated by the texture of sandy soil. Moreover, upper

layer of soil did not yet form a layer with low total density
of trees at 16 species in a plot size of 20 m x 20 m.
Moller (1947) argued that leaves biomass would
increase gradually with age. Kittredge (1944) also proposed
that the leaves biomass increase with age and begins to be
constant at 60-90 years of age. Hatinya et al. (1966) stated
that leaves biomass increase with increasing of site index.
In general, high leaves biomass is found in a good site
condition.
The total amount of leaves varied from species. The
larger or smaller the leaf weight in each species depends on
the specific size of the leaf area, the larger the specific leaf
area depends on the leaf area and the leaf weight of each
tree species as shown in Table 3 and 4. Table 4 indicated
that the Rhizophora apiculata showed the highest specific
leaf area among others, namely 391.765 cm2/g because it
had the highest leaf area (3.33 cm2) high with leaf weight
only 0.0085 g. Likewise, P. acidula had leaf area of 1.24
cm2 with the leaf weight of 0.0610 g showing a smallest
specific leaf area of about 20.328 cm2/g.
Horn (1971) divides into two types of adaptive crown
that affect the development of the crown, the first
development is a multilayer leaf distribution type and the
second is a monolayer type which is a leaf development
character formed from the overlap of young leaves on an
open and closed canopy layer. In the leaf-increasing phase
type, the evergreen species have a multi-layer leaf
distribution (Horn 1971). It is predicted that the number of
leaves will be greater than the type of mono-layer species.
In addition, the distribution of vertical leaves can be
calculated by the difference in leaf number on each layer of
the tree crown.
The shape of the tree crown is attributed of the
development of the shoots at the tip of tree as well as that
the branch buds, which can be seen in the vertical
distribution of the leaves and organs supporting the stem

ARDHANA et al. – Distribution of vertical leaves and leaves biomass on mangrove species

and tree branches. Waller and Steingraeber (1986), found
that the adaptive architecture of tree form collective
response of modular unit in the plants. The leaves are
concentrated in the horizontal layer where each leaf
effectively spreads and occupies the gap, to obtain sunlight.
It appears that all mangrove species used as samples are
concentrated in the multi-layer of the crown. The thickness
of the crown is higher than the mono-layer type species.
The ratio between the amount of leaf carbon (F) and
wood carbon (C) increases with tree height. Givnish (1982)
found that the proportion of organs support the number of
leaves such as stems, branches, and twigs is increasing very
rapidly as the growth of tree height increases. The resulting
net production is not only from the average of
photosynthesis and respiration per unit of biomass, but also
are influenced by the number of leaves to support nonphotosynthesis organ of stem biomass, branches and twigs
of trees. Dry weight of leaves as photosynthesis organ
varies within the ratio of leaf weight and leaf area. As a
result, the dry weight of the material produced during the
growing season is dependent on the amount of dry weight
difference occurring at the beginning of the growing
season, namely on average photosynthesis and respiration
results, distribution of new photosynthesis organ on
different types of leaf distribution, specific leaf area and
mean difference of dead organ which cause loss weight.
In conclusion, the research on the adaptation of tree
architecture in mangrove forests is still very limited, but
has been widely used both in tropical forests and in
subtropical forest areas. The results showed that the
relationship between tree height and number in leaves of
ten mangrove species was positive with the value of (r)
regression varying from the smallest value (R2 = 0.6353)
owned by C. tagal and the highest value (R2 = 0.9704) by
Sonneratia alba. It can be concluded that the total number
of leaves per tree is still relatively increased with the
increase of tree height from the smallest tree to the highest
tree and still in the leaf increasing phase. The total number
of leaves varies within each species between 471.90 sheets
for Rhizophora stylosa and 1154.23 sheets for the B.
gymnorrhiza species. Comparison of the number of leaves,
leaves biomass, and leaves carbon shows the same
distribution, starting at the top of the crown, to the middle
and bottom, shows the development of crown units
represented the increasing phase of either for each species,
and can be classified into multilayer leaf distribution types.
The amount of leaf biomass and leaf carbon content in
each species depends on leaf area (cm2), leaf weight
(g/sheet) and specific leaf area. R. apiculata leaf showing
the largest value of specific leaf area, is 391.765 cm2/g and
the smallest at P. acidula with the value of 20.238 cm2/g.
The ratio between photosynthetic organ and nonphotosynthetic organ is influenced by the biomass
productivity of carbon leaves per leaf unit in each species.
This ratio creates a continuous leaf increasing phase, and
each species has a variable C/F ratio, the largest lies in
Lumnitzera racemosa with C/F is 9.52, and the lowest in
Avicennia alba with C/F is 0.68. This means that the
greater the value of C/F, leaf unit or leaf carbon can form
larger stems of trees and vice versa.
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Abstract. Anna Z. 2018. An analysis of capture fisheries resource depletion in Cirata Reservoir, West Java, Indonesia. Biodiversitas 19:
927-935. Fisheries in public waters such as the Cirata Reservoir in West Java, Indonesia are potential economic resources that should
not be ignored. They play an important role in food security for the surrounding communities. Unfortunately, natural capture fisheries in
Cirata Reservoir have received less attention in the past than aquaculture which dominates economic activity in the waters. Recently, the
condition of the dam has deteriorated as a result of major aquaculture activity with extensive use of artificial feedstock; an increase in
industrial and domestic waste entering the waters; and open access fisheries management that has allegedly caused depletion of the
natural fish resources of the waters. From time to time there have been observed declines in the natural capture fisheries production. The
research reported in this paper aimed to estimate the extent of this depletion and associated economic depreciation of capture fish
resources in the Cirata Reservoir. Bio-economic methods were used to calculate the potential sustainable utilization of the resources.
The analytical model of Logistic Gordon-Schaefer (GS) and Fox models provided the framework for the analysis. The fish depletion
was calculated by comparing the potential sustainable utilization and the value of the actual utilization, based on quarterly data for the
years 2011 up to 2016. Depreciation was calculated in terms of unit rent loss as a result of the depletion. The analysis showed that depletion
of fish resources occurred in certain quarters between years of 2011 to 2016. The value of the total depletion over this period for the GS
model amounted to 835.13 tons with an estimated value for depreciation of IDR 5.93 Billion, or IDR 84.71 Billion in Present Value
term. For Fox Model, the depletion reaches 1421.35 Ton, with a value of IDR 10.09 Billion, or 144.17 Billion in Present Value term.
This value represents the economic loss due to depletion of the fisheries resource in Cirata Reservoir. The policy implication of this fish
depletion is that there is a need for better management of the aquatic habitat, by reducing water pollution load, and by regulation of
capture fisheries through input/output restrictions based on the conceptual tools of Maximum Sustainable Yield (MSY) and Maximum
Economic Yield (MEY).
Keywords: Bio-economy, Cirata Reservoir fisheries, CYP, depletion, depreciation, Fox, Gompertz, Gordon-Schaefer, MEY, MSY

INTRODUCTION
Among the wide variety of aquatic habitats sustaining
fish resources in Indonesia, artificial lakes and dams have
particularly important economic potential for communities
in West Java. Although the original construction of these
reservoirs was for diverse socio-economic purposes such as
generation of electricity, irrigation of agricultural lands,
recreation, etc., the subsequent use of reservoirs, especially
in West Jawa, has often been for the development of
fisheries; natural capture fisheries, as well as aquaculture.
The Cirata Reservoir in West Java, Indonesia is a particular
example of this.
In general, it is rather uncommon for dam fisheries to
provide a high economic contribution to local economics
and to become the foundation of livelihoods for
surrounding communities. This is more clearly observed in
the case of natural capture fisheries rather than in
aquaculture (Dirican 2014). Aquaculture, involving a fairly
expensive investment, is a less desirable option for local
communities, who have limited financial capacity. Rather,
aquaculture is a more attractive option for investors from
big cities who view the surrounding communities only as
sources of labor in their aquaculture ventures. The natural

capture fishery is often the preferred option for communities
around lakes/dams, because, in addition to representing a
more modest financial investment, natural fisheries can
also be a foundation for food security in the communities
who often cannot afford to buy other foodstuffs. Thus,
natural fishery activities are not only carried out for
commercial purposes, but also for subsistence
(Kyomuhendo 2002; Petr 2003; Trasande et al. 2010).
Fisheries such as in Cirata do not usually receive the
attention and management care that aquaculture receives,
because it is often perceived not to contribute as much to
the wider economy as does aquaculture. Often local
fisheries have to face negative externalities from various
activities both on water and on land. This includes habitat
destruction arising from pollution: by feedstock residues
from the aquaculture industry; by wastes from industry in
the vicinity; and by domestic waste. Another aspect that
receives less attention than it deserves, is the management
of the natural fishery activity itself. The unregulated
management of the fishery often results in the waters being
over-fished, and the fish-stock in the reservoirs being
depleted beyond sustainable self-replacement levels.
To overcome these problems, structured research is
needed regarding the condition of fishery resources in the
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Cirata Reservoir. There needs to be an analysis of the
extent of depletion of the fishery resource arising from
uncontrolled exploitation as well as from other other
causes. Oosten (1949) defined the depletion of fish
resources as a condition where a decline, due to overfishing
on a segment of the stock abundance, lowers the maximum
productive capacity of the resources. The study reported in
this paper was carried out to accurately assess the condition
of the Cirata Reservoir fishery and to measure the extent to
which the natural fishery potential has been depleted and to
determine what this implies in terms of economic
depreciation of the resource.
MATERIALS AND METHODS

(1)

Where:
Dt : Degradation percentage at t
hst : Sustainable production at t
hat : Actual production at t
While the depletion rate coefficient is calculated based
on the following equation:
f Dt =

1

(2)
hst
ha

1+ e t
As for the depreciation rate, it is basically similar to the
degradation rate, except that it uses economic parameters
as follows:

f Rt =

1
p st

1+ e

Logistic form:

xt
x 

 rxt  1  t   ht
t
K


(4)

Gompertz form:

There has not been a lot of research on resource
depletion and depreciation of fisheries in man-made lakes
and reservoirs in Indonesia. For marine fisheries, Tai et al.
(2000), carried out research into resource depletion and
depreciation using the net present value method to calculate
the value of changes in a fishery resources over an interval
of one year. However, in our study, we used a model
developed by Amman and Durraipah (2001) for land
resources and by Anna (2003) for fisheries, which assumes
that the degradation will follow a logistic function.
For applications in fishery resources, the formula for
degradation rate of Amman and Durraipah (2001) is used
with the adjustment, as follows:

hs t - ha t
Dt % =
hs t

production in t, to the depletion in ton. Depreciation also
can be calculated by using the difference between
sustainable rent and actual rent. The calculation of present
value is used to determine the present depreciation value,
using the market discount rate on average throughout the
year 2011 to 2016, that was 7%.
To obtain the value of sustainable production, we first
carried out a standard bio-economic analysis, using both
Logistic and Gompertz models, as follows: to

(3)

pat

Where:
fRt : Depreciation rate
pst : Sustainable rent
pat : Actual rent
The depletion value itself is the difference between
sustainable production and actual production. Meanwhile
the depreciation can be calculated by multiplying the unit
of rent which is the ratio of rents and the amount of

K
xt
 rxt ln    ht
t
 xt 

(5)

Where: xt is biomass at t (time), h is the harvest or
production, r is the intrinsic growth rate, K is the
environment carrying capacity. The logistic functional
form is symmetrical, while Gompertz is not. Furthermore,
it is assumed that the harvest rate is linear to the biomass
and effort, as written below:

ht = qEtxt

(6)

Where q is a coefficient of catching ability and Et is the
effort in unit of trip. Trip is defined as frequency of travel
for fishing yearly. By assuming the equilibrium condition,
the sustainable yield-effort curve from the two functions
above could be written as:

 q2 K  2
E
 r 

Logistic:
Logistic : ht  qKEt  

Gompertz: : ht  qKEt exp
Gompertz

  qE 
 r 

(7)

The estimation of parameters r, K and q for the yield
effort equation from both models above (Logistic and
Gompertz) involves non-linear techniques. However, by
writing Ut =ht/Et, (catch per unit effort), equation (10)
could be transformed into a linear equation so that ordinary
regression methods can be used to estimate the biological
parameters of the above functions. In this study, the
parameter estimation technique developed by Clarke et al.
(1992) (commonly known as the CYP method) and the Fox
algorithm (Fox 1970), were used to estimate the parameters
r, q, and K through the following equation:
CYP:
ln(Ut 1 ) 

2r
(2  r)
q
ln(qK ) 
ln(Ut ) 
(Et  Et 1) (8)
2  r)
(2  r)
(2  r )

Fox:

U t 1  U t 1
 r L n ( q K )  r ln (U t )  q ln ( E t )
2U t

(9)
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Quarterly production and effort time series data (catch
and effort) for 5 years (2011-2015) were collected from
Fish Landing Centre in the study areas. This data was used
as the basis for the calculation of the yield-effort curve
using Stata® and Excel® software. Three types of fishing
gear are used in the area of study: gillnets, cast nets and
fishnets. To obtain the correct value of the unit effort, the
entire unit effort had to be standardized using King (1995)
formula, based on the Gill net. Market information
regarding the cost per unit effort and the price per unit of
the fish landed were obtained from survey data. The entire
financial data was converted into real values, by adjusting
nominal values to the consumer price index. Given that
time series data is not available for cost per unit of effort,
the calculation technique of Tai et al. (2000) was used to
convert cross-section data to time series costs, by aligning
the values according to the consumer price index. Primary
data for costs in 2015 were obtained from interviews with
40 respondents from the population of 4580 fishermen in
the area, experienced in using the three existing types of
fishing gear. The number of respondents is calculated using
the formula of Fauzi (2001), as follows:
s =

NZ 2 (0.25)
{d (N - 1) }+ {Z 2 (0.25) }
2

(10)
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1954), CYP (Clarke et al. 1992), Fox (1970), Walter
Hilborn (1971), Schnute (Schnute 1977), and Pella
Tomlinson (Pella and Tomlinson 1969) were initially
performed using Stata and Excel. However, CYP and Fox
models were the only two that had robustness with good
statistical performance (i.e., that met the criterion for a Best
Linear Unbiased Estimator).
From Table 1, above, it appears that the values for
intrinsic growth (r) determined by Fox and CYP algorithms
did not differ much. On the other hand, the value for
environmental carrying capacity (K) determined by the Fox
algorithm was somewhat larger than the value determined
by the CYP algorithm, while the reverse was the case for
the estimation of catchability coefficient (q).
Among the variable costs and prices needed to calculate
the optimal values for sustainable fisheries in Cirata, the
fishing costs per trip, including for gasoline consumption,
amounted to an average of Rp. 22.500 per trip of fishing. In
the case of fish prices, the average nominal prices for
captured fish of all species traded in Cirata was adjusted to
real values using the Consumer Price Index based on the
year 2007 (Table 2). The average Real Price for traded
Cirata fish, across the six years from 2011 to 2016 was
13.6 million rupiah per ton.

Where:
s : Taken samples
N: Total population
Z: standard of deviation
d : Level of precision (5 or 10%)
The calculation of production and effort optimal values
and of economic rents was carried out numerically using
the MAPLE 17.0 (R) software.
RESULTS AND DISCUSSION
Bio-economic analysis of Cirata Fisheries
Bio-economic analysis was used to understand the
dynamics of utilization of the fishery resource in Cirata
Reservoir. As described above in the Methods section, the
bio-economic analysis used Logistic and Gompertz models,
with parameters estimated by the Clark, Yoshimoto, and
Pooley algorithm (CYP) (Clarke et al. 1992) and the Fox
algorithm (Fox 1970).
Cirata fisheries production per quarter for the period
2011 to 2015 can be seen in Figure 1. Fisheries production
in Cirata decreased from year to year with the lowest
production occurring in the 3rd quarter of 2013 when the
total production was only 128.32 tons. Figure 2 presents
similar quarterly data for the standardized catch per unit
effort (CPUE), using gillnet as a standard. As can be seen
from the graphs, the CPUE tends to decrease quarterly, this
is due to the decrease in production, while the effort tends
to increase from year to year, causing the productivity of
fisheries in this region to be decreased.
To obtain the biological parameters, calculations using
various models including those of Schaefer (Schaefer

Figure 1. Production per quarter of the Cirata fishery, West Java,
Indonesia

Figure 2. Total catch per unit effort (standardized CPUE) per
quarter for the Cirata fishery, West Java, Indonesia
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Table 1. Estimation of biological productivity parameters for the
Cirata fishery, West Java, Indonesia using Fox and CYP algorithms
Parameters

Fox algorithm

Intrinsic growth (r)
Carrying capacity (K) ton
Catchability coefficient (q)

0.231474
4138.53
0.00000258

CYP
algorithm
0.173348
2673.83
0.000004

Table 2. Real price (thousand rupiahs/ ton) of caught fish traded
in the Cirata districts, West Java, Indonesia across the years 2011
to 2016 inclusive
Year
2011
2012
2013
2014
2015
2016
Total
Average

Nominal price
7816.92
11648.70
9143.60
10726.32
13513.15
11250.00
64098.69
10683.1151

Real price
11612.58
12022.52
12885.26
13795.52
15575.05
15476.63
81367.56
13561.26

Depletion and depreciation analysis of Cirata Fisheries
To measure the extent of depletion and financial
depreciation of fisheries in Cirata, a comparison was first
made between the actual and the estimated sustainable
fisheries in the research site. To estimate the values for
sustainable production, following Anna et al. (2017), the
two following model scenarios were used: (i) the Logistic
Model, by using parameters estimated from the Fox
algorithm; (ii) the Fox/Gompertz model using parameters
estimated from the CYP algorithm.
For the Logistic Model, the results are presented in the
time series graph in Figure 3. From Figure 3, it can be seen
that the actual catch exceeded the estimated sustainable
catch in 2011 and 2012, and in the first quarter of 2014.
Furthermore, the actual capture fell below the estimated
sustainable catch in 2013, and a little below the estimated
sustainable catch from the second quarter of 2014 through
to the last quarter of 2016.
The shape of the time series curve for sustainable catch
based on a Gompertz model was not much different from
the curve based on the Logistic model. However, the
absolute values for estimated sustainable catch in every
quarter obtained with the Gompertz model were well below
the estimates obtained using the Logistic model. Thus, it
can be seen that the sustainable catch in 2011-2012 and the
first quarter of 2014 estimated by the Gompertz model was
below the estimates obtained from the Logistic mode, and
far below the actual catch taken in the Cirata waters in
those quarters. The Gompertz model estimates suggested
that there was considerably greater likelihood of
overfishing than suggested by the Logistic model. In
accordance with the precautionary principle, it would
appear that the Gompertz model might be a safer guide
than the logistic model for use in directing fisheries policy
in the Cirata waters.
For the Gompertz model, the comparison between
sustainable catch and actual catch is presented in Table 4.

Figure 3. Comparison between the actual quarterly fish catch
values from the Cirata Reservoir waters, West Java, Indonesia and
the estimated sustainable catch values based on a Logistic model

Figure 4. Comparison between the actual quarterly fish catch
values from the Cirata Reservoir waters, West Java, Indonesia,
and the estimated sustainable catch values based on a Gompertz
model

Our study then went on to estimate depletion and
depreciation values for the Cirata fisheries by first
calculating the quarterly values of unit rent in the industry.
Table 3 summarises the results of the calculation of unit
rent values.
As shown in Table 3, along with the decrease in actual
production from year to year, the economic rent of fish
resources in the region also decreased from year to year, as
did the unit rent. In considering the issue of sustainable
yields, it is important to note that the lowest values for
these parameters were obtained in the quarters of the last
two years, 2015 and 2016. This suggests that, indeed,
overfishing had occurred particularly in the early years of
the period 2011-2016.
The average unit rent value across the six years of
observation was 7.1 million IDR/ton, which was then used
for the calculation of depreciation in the fishery resources
of Cirata waters. Table 4 summarises the results of the
calculation of resource depletion and depreciation per
quarter over the six years, based on the Logistic model
estimation of sustainable catch.
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Table 3. Calculated financial values for rent and unit rent in each quarter over the years 2011-16 for the Cirata’s fisheries, West Java,
Indonesia
Year

Quarter

Actual
production (ton)

Effort
(trip)

Total Revenue
(million IDR)

Total Cost
(million IDR)

2011

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

328.55
341.79
335.04
337.29
319.16
315.19
315.64
295.39
224.32
147.32
128.32
165.32
243.78
166.78
147.78
184.78
129.44
117.44
166.44
170.44
135.54
106.27
131.77
129.83

50215.87
50215.87
50215.87
50215.87
53476.47
53476.47
53476.47
53476.47
44176.47
44176.47
44176.47
44176.47
57661.22
57661.22
57661.22
57661.22
58840.93
58840.93
58840.93
58840.93
60984.94
60984.94
60984.94
60984.94

4468.29
4648.30
4556.50
4587.10
4340.64
4286.64
4292.76
4017.36
3050.79
2003.59
1745.19
2248.39
3315.46
2268.26
2009.86
2513.06
1760.38
1597.18
2263.58
2317.98
1843.34
1445.27
1792.07
1765.69

1129.86
1129.86
1129.86
1129.86
1203.22
1203.22
1203.22
1203.22
993.97
993.97
993.97
993.97
1297.38
1297.38
1297.38
1297.38
1323.92
1323.92
1323.92
1323.92
1372.16
1372.16
1372.16
1372.16

2012

2013

2014

2015

2016

Rent
(million IDR)
3338.43
3518.44
3426.64
3457.24
3137.41
3083.42
3089.54
2814.14
2056.82
1009.62
751.22
1254.42
2018.08
970.88
712.48
1215.68
436.45
273.25
939.65
994.05
471.18
73.11
419.91
393.53

Unit rent
(million IDR/Ton)
10.16
10.29
10.23
10.25
9.83
9.78
9.79
9.53
9.17
6.85
5.85
7.59
8.28
5.82
4.82
6.58
3.37
2.33
5.65
5.83
3.48
0.69
3.19
3.03

Table 4. Fishery resources depletion and depreciation in the Cirata waters, West Java, Indonesia based on the Logistic model estimation
of sustainable catch
Year

Quarter

Actual
production (ton)

Sustainable
production (ton)

Depletion
(ton)

Depreciation
(million IDR)

PV depreciation million IDR
(δ=7%)

2011

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

328.55
341.79
335.04
337.29
319.16
315.19
315.64
295.39
224.32
147.32
128.32
165.32
243.78
166.78
147.78
184.78
129.44
117.44
166.44
170.44
135.54
106.27
131.77
129.83

232.33
232.33
232.33
232.33
218.16
218.16
218.16
218.16
249.16
249.16
249.16
249.16
194.74
194.74
194.74
194.74
187.08
187.08
187.08
187.08
171.96
171.96
171.96
171.96

-96.22
-109.45
-102.70
-104.95
-101.00
-97.03
-97.48
-77.23
24.84
101.84
120.84
83.84
-49.04
27.96
46.96
9.96
57.64
69.64
20.64
16.64
36.42
65.69
40.19
42.13

-683.15
-777.12
-729.20
-745.17
-717.13
-688.94
-692.14
-548.36
176.34
723.04
857.94
595.24
-348.20
198.50
333.40
70.70
409.24
494.44
146.54
118.14
258.55
466.36
285.31
299.09

-9759.26
-11101.78
-10417.13
-10645.35
-10244.74
-9842.07
-9887.71
-7833.78
2519.07
10329.07
12256.22
8503.36
-4974.22
2835.78
4762.92
1010.07
5846.26
7063.41
2093.41
1687.69
3693.53
6662.34
4075.91
4272.68

2012

2013

2014

2015

2016
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From Table 4 based on the Logistic estimation of
sustainable catch, it appears that there was depletion of the
Cirata fishery resource in some quarters of observation,
with the highest depletion occurring in the second quarter
of 2011, equivalent to a quarterly depreciation of 777.12
million IDR, and a present value depreciation of 11.10
billion IDR. The total depleted fisheries during 2011 to
2016 are 835.13 Tons, and the depreciation total is IDR
5.93 Billion, while the total Present Value is IDR 84.71
Billion. This represented the monetary value lost due to
depletion of the fish resources. This estimated depletion
was likely caused by various impacts; not just overfishing,
but also deterioration in the water quality arising from
aquaculture and waste disposal by domestic and industrial
activities. However, the relative impacts of these likely
causes of depletion have yet to be definitively confirmed
by in-depth empirical research.
The amount of depletion in the Cirata fisheries
according to the Logistic model, reveal fluctuations from
year to year, with an average of depletion of 25% across
the quarters of observation. As shown in Figure 5 below,
the depletion was high in the initial observations and
decreased substantially in the four quarters of 2013, then
after it fluctuated through to the end of 2016. At the end of
2016, the depletion was estimated to be 21%.
Based on the Gompertz model’s estimation of
sustainable catch, the results presented in Table 5 below
suggest that the number of quarters in which resource
depletion occurred was greater than was indicated by the
Logistic model (see Table 4 for comparison). From Table 5,

it appears that significant depletion of the fisheries resource
continued from the first quarter of 2011 through to the first
quarter of 2013, after which there were only occasional
quarters of depletion through until the end of 2016. The
total depletion of the resource across the period of 2011 to
2016 was estimated to be to 1421.35 Tons, while the total
monetary value of the depreciation across this period was
estimated to be IDR 10.1 Billion IDR, equivalent to IDR.
144.17 Billion IDR in Present Value (PV) terms.

Figure 5. Cirata, West Java, Indonesia fishery resource depletion
estimated each quarter since the beginning of observations in
2011 based on the Logistic model estimation of sustainable catch

Table 5. Fishery resources depletion and depreciation in the Cirata waters, West Java, Indonesia based on the Gompertz model
estimation of sustainable catch
Year

Quarter

Total standard
effort (trip)

Actual
production (ton)

Sustainable
production (ton)

2011

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

50216
50216
50216
50216
53476
53476
53476
53476
44176
44176
44176
44176
57661
57661
57661
57661
58841
58841
58841
58841
60985
60985
60985
60985

328.55
341.79
335.04
337.29
319.16
315.19
315.64
295.39
224.32
147.32
128.32
165.32
243.78
166.78
147.78
184.78
129.44
117.44
166.44
170.44
135.54
106.27
131.77
129.83

168.559
168.559
168.559
168.559
166.484
166.484
166.484
166.484
170.480
170.480
170.480
170.480
162.976
162.976
162.976
162.976
161.841
161.841
161.841
161.841
159.635
159.635
159.635
159.635

2012

2013

2014

2015

2016

Depletion
(ton)
-159.99
-173.23
-166.48
-168.73
-152.68
-148.71
-149.16
-128.91
-53.84
23.16
42.16
5.16
-80.81
-3.81
15.19
-21.81
32.40
44.40
-4.60
-8.60
24.09
53.37
27.86
29.80

Depreciation
(million IDR)
-1135.94
-1229.92
-1181.99
-1197.97
-1084.03
-1055.84
-1059.04
-915.26
-382.29
164.41
299.31
36.61
-573.74
-27.04
107.86
-154.84
230.05
315.25
-32.65
-61.05
171.07
378.92
197.84
211.61

PV Depreciation
million IDR (δ=7%)
-16227.73
-17570.25
-16885.60
-17113.82
-15486.17
-15083.50
-15129.14
-13075.21
-5461.27
2348.73
4275.88
523.02
-8196.23
-386.23
1540.91
-2211.94
3286.40
4503.55
-466.45
-872.17
2443.90
5413.19
2826.29
3023.06
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Figure 6. Cirata, West Java, Indonesia fishery resource depletion
estimated each quarter since the beginning of observations in
2011 based on the Gompertz model estimation of sustainable
catch

Fisheries depletion in the Cirata fisheries according to
the Gompertz model, reveal fluctuations from year to year,
with an average depletion of 29% across the years of
observation, much higher than estimated by the Logistic
model (Figure 6). However, the pattern of depletion
estimates from quarter to quarter was much the same with
the Gompertz model as with the Logistic model: there was
high depletion in the first eight quarters (2011-2012), less
depletion in the four quarters of 2013, and then fluctuation
in estimated depletion through until the end of 2016. At the
end of 2016, the overall of depletion since the beginning of
2011 was estimated at 23%.
Discussion
A consideration of depletion and depreciation of fishery
resources in the waters of Cirata Reservoir is inseparable
from a concern for the condition of the aquatic habitat and
the proper management of the natural fish stock. Until now
there have been no special rules governing the utilization of
the fishery in Cirata, other than the Code of Conduct for
responsible fisheries mandated by general Fisheries
legislation. Under the Law, the utilization of fisheries in
any waters must be in accordance with the carrying
capacity and the ability of the resources to regenerate. Thus
fisheries in waters like Cirata are supposed to be managed
in such a way that access is not left entirely open to all
comers. Hardin (1968) states that tragedy of depletion or
degradation of natural resources occurs when property
rights are communal (common property right), and access
to the resource is left open (open access). In closed waters
like those of the Cirata Reservoir, such open access without
regulation will result in a decline in the fish resources to a
level approaching extinction.
Thus the policy implication associated with the
depletion and depreciation of fish resources in Cirata is that
the management of the inputs and outputs must follow a
sustainable trajectory, both in terms of yield and the effort
required to harvest it. Such considerations of trajectory
management lead to the concepts of Maximum Sustainable
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Yield (MSY) and Maximum Economic Yield (MEY). In
following an MSY regime, for example, output quotas
(termed Total Allowable Catch, JTB) can be enforced
amounting to 80% of the MSY value for the fishery.
Another policy implication is in regard to the input side
of the sustainability; for example by implementation of fish
restocking within the Cirata waters. However, such
restocking activities would be meaningless if they were not
accompanied by management of the outputs as well as
management of other inputs needed to support the
productivity of the restocking regime. Restocking activities
carried out continuously throughout the year is part of a
management tool aimed at providing for community food
security; however, such a strategy becomes void if
harvesting the fishery resource is left on an open access
basis.
Other aspects proposed for the management of the
natural resources of the Cirata fisheries include the notion
of Community-based Fisheries Management. A general
objective of fisheries management is to establish policies
and strategies that protect the fish resources from
overexploitation but also protect the economic livelihood
of the society dependent on the resources. These
considerations are mandated by the FAO Code of Conduct
for responsible fisheries (FAO 1995) which has established
the principles for all nations of the world as to proper
fisheries management for long-term sustainable use.
Arnason (2006) has stated that in general the optimum
form of fisheries management occurs when it is possible to
push the fishing industry to produce maximum sustainable
rents. On the other hand, fisheries management regimes
based on property rights have been a hallmark of fisheries
in developed countries and have provided good
performance for those fisheries. In contrast, for the
majority of developing countries, the issue of ownership
remains a dilemma, because of the traditional practice of
joint ownership or communal property rights. The concept
of right of ownership must provide incentives for
preventing overcapitalization of fisheries and for avoiding
economic inefficiency.
One of the management tools that can reduce the
negative effects of collective ownership rights is by
providing for public cooperation in fisheries management,
a practice known as community-based management, which
has become one of the recommended management options
for developing countries like Indonesia (Douglas 2001).
Community-based management is a system in which the
authority and responsibility for local resources are divided
between government and local resource-users and/or their
community (Brown 1998). Brown (1998) notes that the
term community-based management is often used
interchangeably with other terms, such as co-management,
collaborative management and joint management.
According to Pomeroy (1995, 1998) these strategies have
much in common with regard to general approach, but may
differ in the relative participation by government and endusers in the management of the resources.
Basically, community-based fisheries management is a
joint responsibility of government and society. The
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government provides a number of important functions in
such management regimes, including drafting support
policy and legislation. Sajise (1995) stated that communitybased management is a strategy in which the local
community has the opportunity/ responsibility to control
their own resources; define their own needs, goals, and
aspirations; and make decisions that affect their own socioeconomic welfare. Under this form of management, the
government only plays a minor role, thus their costs of
management are low.
In the Cirata fisheries, for example, the local
community and other groups would be granted certain
exclusive rights, and based on a calculation of sustainable
and economically optimal inputs and outputs, the people
decide by consensus on appropriate entitlements such as
catch quotas. The advantage of this system is that the joint
decision-making has an ethical basis and is socially
acceptable. This encourages the people themselves to be
the ones who facilitate effective law enforcement on the
basis of social pressure and physical constraints.
From the research reported in this paper, the following
conclusions can be drawn: (i) The actual production in
terms of the Gordon Schaefer (Logistic) model, revealed
that the actual fish capture of Cirata fishery in 2011, 2012
and the first quarter of 2013 exceeded the estimated
sustainable catch for the waters. From then on, except for
the first quarter of 2014, the actual catch fell below or close
to the sustainable catch levels (ii) The shape of the time
series curve obtained in the Gompertz model did not differ
much from the Logistic model. However, the overall height
of the Gompertz curve was lower than the Logistic curve,
suggesting greater caution would be required to avoid
overfishing than would be recommended by the logistic
model. (iii) On the basis of both models, there was
indication of depletion of the fishery resource in some
quarters. According to the Logistic model, the estimate of
the financial depreciation across the six years of
observation from 2011-2016, in Present Value (PV) terms,
was IDR 84.71 billion. The average depletion was 25%
across the years of observation. (iv) For the Gompertz
model, the number of quarters in which the fishery
resources were depleted was greater than estimated under
the Logistic model. The value of the Present Value
depreciation under the Gompertz model was IDR 144. 17
billion based on an average depletion of 29% cross the six
years of observation, a much higher depletion than
estimated by the logistic model. (v) The implication for
policies, relating to the depletion/depreciation of the fishery
resource in the Cirata waters, is that there needs to be a
rationalization of input and output levels for the fishery,
and that control of the resource should be based on
community-based management, in which government
supports communities in forming evidence-based
management policy and the communities’ implementation
of policy for long-term food security.
Suggestions arising from this research are that there
needs to be: (i) further research regarding the impact of
habitat water quality on the production dynamics and
resource depletion in the Cirata fishery; (ii) an analysis of
the relationship between aquaculture activities and the

resource depletion of the natural catch fishery; (iii)
implementaion of a sustainable fishery management
approach involving regulation of the fishery’s inputs and
output; (iv) improvements in water quality management to
enable sustainable increases in carrying capacity without
negative impacts leading to fisheries depletion and
depreciation; (v) and an approach to fish-restocking of the
Cirata waters that is balanced by regulation of other inputs
and of catch levels.
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Abstract. Achmad B, Diniyati D. 2018. The income structure of smallholder forest farmers in rural Sumbawa, Indonesia. Biodiversitas
19: 936-946. This research investigated the economic well-being of forest farmers in Labuhan Badas Village, Sumbawa regency of
Indonesia. It aimed: (i) to describe the daily economic activities of community-based forest (HKm) farmers who reside inside the state
forest and of farmers in privately owned forest (POF) who reside outside the state forest areas; and (ii) to analyse their income structure
in relation to the corresponding economic activities. The research was conducted from August 2015 to April 2016. The survey sample
consisted of 34 HKm and 34 POF farmers who were selected purposively. Data collected through interview and focus group discussion
techniques were analyzed descriptively. The research determined that the incomes of HKm farmers were generated from14 sources,
mainly from activities in the non-agricultural sector, while those for POF farmers were generated from 12 sources mainly from activities
in the agricultural sector. The total income of HKm farmers was significantly lower than the income of POF farmers and indicated a
moderate level of economic disadvantage. The economic welfare of farmers in both research locations has been assessed to be below an
adequate level. Therefore various economic innovations such as the cultivation of honey bees and the processing of unused potential
resources (e.g. making wine from cashew fruit) are needed to accelerate the attainment of a decent level of economic well-being
Keywords: Daily economic activities, households, income sources, inside state forest, outside state forest

INTRODUCTION
Forests are frequently described as a resource that can
be drawn upon to alleviate poverty in millions of rural
households in developing countries (Rasmussen et al.
2017). This is because forests provide various products that
can support the livelihoods of rural communities. Some
products can be sold for cash (commercial goods), others
can be directly consumed (subsistence goods), and yet
others sustain crucial aspects of the environment
(ecological goods). The forest contribution to these three
aspects plays an essential role in the well being of nearby
rural communities, who therefore are rendered dependent
on the forest (Newton et al. 2016). There is a strong
relationship between the social, economic and ecological
dimensions of the comunities’ dependence on the forest
(Olsson and Galaz 2012) and in order to obtain sustainable
incomes from the forest, communities play close attention
to the forest’s ecological requirements.
The income level of farmer households in Labuhan
Badas Village of rural Sumbawa, Indonesia, has been
judged to be relatively low despite the richness of the
natural resources in the vicinity of the village. Labuhan
Gadas village administratively includes two different forest
management systems, namely community-based forest
management (CBFM) located in the state production forest
area, and private forest management located in the
privately owned forest area. The CBFM system is managed
by community-based forest (HKm) farmers, while the latter
system is managed by private forest farmers. The income
sources of the HKm farmers is different from the income

sources of the private forest farmers (POF). This is because
the regulation for CBFM is more rigid than for the private
forest management. In the HKm area, under specific
regulation (CBFM rule) which controls certain factors such
as tree composition, pattern of plantation, time of
harvesting and forest yield sharing, the community-based
forest (HKm) farmers have limited say in the development
of the land. Moreover, there are differences between their
living environment and their daily economic activity
pattern.
In some previous studies of this kind, the income of
farmers has been considered in relation to various
subsidised inputs (capital, fertilizer, seedlings etc) and
incentives (extension and training) without much
consideration of the farmers’ living environment (Kalavathi
et al. 2010; Zhao 2014; Pandey and Dwivedi 2016). In
Labuhan Badas Village in rural Sumbawa the income level
of farmers is relatively low despite the richness of their
natural resources. Among the reasons for this could be
problems in allocating time efficiently to daily economic
activity. More effective allocation of subsidies and
incentives to optimise work practices could contribute to
raising farmers’ welfare. By identifying current activity
schedules of farmers, socio-economic analysis of the forest
communities could assist in diagnosing farmers’ capacity
for undertaking additional income-generating activities
such as the cultivation of honey bees.
Unlike the farmers with privately owned forest (POF),
the HKm farmers operating under the CBFM regulations
have not been permitted to cut down trees other than cash
crops and fruit trees. The differences in the system of land
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tenure and use between the two groups and how this
connects to differences in forest management are important
matters for analysis. Also, identification of the income of
farmers based on their status (either as HKm or as POF
farmers) and of the relationship between incomes and their
pattern of daily economic activity pattern would contribute
information of value in helping accelerate poverty
alleviation in the communities.
Thus, the research described in this paper undertook the
task of investigating in Labuhan Badas Village of rural
Sumbawa: (i) the structure of farmer incomes; (ii) a comparison
of the total household incomes between farmers with
community-based forest and farmers with privately managed
forest; and (iii) the daily economic activity patterns of the
farm households in the two groups. This undertaking was
an attempt to identify ways of optimizing work schedules
to allow for new income-earning enterprises for farmer
households. The results from this research was expected to
be utilized by government to develop programmes and
strategies to increase farmers’ welfare without impacting
adversely on the quality of the environment.
MATERIALS AND METHODS
Study area
The research was carried out in Labuhan Badas Village,
Sumbawa District, West Nusa Tenggara, Indonesia from

937

August 2015 and April 2016. The village region comprises
areas both inside and outside the state production forest;
namely, community-based forest areas (HKm) inside and
private forest areas (POF) outside, as shown in Figure 1.
Data-collecting techniques
Primary data were gathered through an interview
technique using structured questionnaires and through
focus group discussions (FGD). A total of 68 farmer
respondents - 34 community-base forest (HKm) farmers
and 34 farmers in privately owned forest (POF) - were
selected purposively (Sugiyono 2013). The primary data
collected by interview were characteristics of farmer
households, farm incomes and daily economic activities.
Secondary data was obtained from relevant written reports
and references.
Data analysis
Data about farmer incomes were grouped into two
categories i.e income from on-farm and from off-farm
endeavours. Analysis of the data, classed the sources of the
income according to the various endeavour undertaken by
the farm households.
Data from interviews about household characteristics,
daily economic activities and structure of household
incomes were analysed as follows:

Figure 1. The location of Labuhan Badas Village, Sumbawa District, West Nusa Tenggara, Indonesia (080 47.244’ S, 1170 32.959’ E)
which administratively includes both state production forest and privately owned forest
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Characteristics of farm households
For ease of interpretation, the household data were
assembled and then tabulated according to demographic
characteristics such as the ages of household members,
their years of education, and their types of jobs. This data
was analysed to illustrate similarities and differences in
demographic and socioeconomic characteristic between the
community-based forest farmers and the private forest
farmers.
Daily economic activities of farm households
Data and information about daily economic activities of
farmers, as obtained using focus group discussions (FGD),
were assembled and analyzed descriptively. The FGD
method was employed with both farmer groups i.e. the
community-based forest (HKm) farmers and the private
forest farmers (POF), to explore the daily economic
activities that were closely related to household daily
incomes. The Focus Group Discussions were performed
twice with each farmer group: the first FGD in each group
involved 10 female farmer respondents, key persons from
local governments and forest entrepreneurs. The second
FGD in each group was performed in similar manner but
involved only male farmers. The respondents involved in
the discussion represented not only both genders but a
range of ages. The information collected through this FGD
approach was used to provide context, but was not
necessarily used in tests of hypotheses.
Structure of incomes for farmer households
The incomes from each household economic endeavor
were estimated from simple statistical calculation, by
subtracting from the gross income all the expenditure
outlayed in the endeavor. The incomes were calculated on
an annual basis. The percentages of the total household
income derived from on-farm endeavors and from off-farm
endeavors were calculated as follows:
(1)
(2)
(3)
Where:
Pt : Incomes of farm households (IDR/year);
Pon: Incomes earned from on-farm endeavor (IDR/year);
Pof: Incomes earned from off-farm endeavor (IDR/year);
Kon: contribution of incomes from on-farm endeavors (%);
Kof: contribution of incomes from off-farm endeavors (%)
Comparison of total incomes between the community-based
forest farmers (HKm) and farmers with privately owned
forest (POF)
The mean values for total household income earned by
the HKm farmer group and by the POF farmer group were
compared statistically by t-test with the aid of SPSS 13.0
software.

The hypotheses tested were as follows: (i) Ho: total
income of HKm farmers = total incomes of POF farmers;
(ii) Ha: total income of HKm farmers ≠ total incomes of
POF farmers. Where, Ho = null hypothesis; and Ha =
alternative hypothesis.
Incomes distribution
The distribution of levels of annual income across farm
households is an important measure of the general
economic welfare of the forest farming communities of
Labuhan Badas Village. An estimation of this income
distribution was determined by employing the Gini index
(G-index) approach, as formulated below in equation (4).
(4)
Where
G : Gini index
Xi : cummulative proportion of families at level i
Yi : cummulative proportion of total incomes at level i
The decision criteria for evaluation of the disparity of
incomes across farm households were set as follows :
G < 0.4: Low level of disparity
G = 0.4 - 0.5: Moderate level of disparity
G > 0.5: High level of disparity
RESULTS AND DISCUSSION
Characteristics of farmers
The demographic characteristics of the farmers
determined in the study covered farmer’s age, gender, years
of education, kinds of occupations, and income per year.
These demographic characteristics of the individual
farmers were compiled as potential indicators of the social
and economy conditions of the the Labuhan Badas forest
farming communities (Triyanto 2009; Subagio and
Manoppo 2012).
Age characteristics
According to the Agency for Indonesia’s Statistics
Center, persons between the ages of 15 and 64 years are
classified as economically productive. Therefore it could be
assumed that the farmers maximally involved in the active
work of the farmland both inside the community based
forest (HKm) as well as outside (the POF) were
predominantly in this productive age group. Table 1
summarizes the distribution of ages among the farmers in
the two groups.
In the productive age group (15-64 years), farmers can
be regarded as capable of maximal farming efforts
(Triyanto 2009). However, working persons of youthful
age tend to migrate out of their village looking for jobs
other than in the forestry sector. On the other hand, persons
of ages 35 years and older tend to become more settled and
absorbed in their daily work routines (Omobolanle 2007),
associated with the fact the older the age the greater is a
person’s living expenses (Subagio and Manoppo (2012).
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Thus, it is this age group, those over 35 years of age, who
represent the core work force in the forestry sector and
many remain in this sector until leaving it in their old age
(Wang et al. 2017).
Years of education
Levels of formal education for the HKm farmers varied
from uneducated through to university graduate status; the
average duration of their formal education was four years.
Education level for the POF farmers ranged from
uneducated through to second-diploma (D2) graduate
status, with an average duration of formal education of five
years. The characteristics of formal and non-formal
education in the two groups of farmers are summarized in
Table 2.
Many of the HKm farmers did not go to school, mainly
because their homes were far away from the location of the
nearest school. This situation contrasted with the
circumstances of the POF farmers, whose easier access to
schools enabled them to achieve higher levels of formal
education than the HKm farmers.
Types of occupation
Details of income-earning occupations and of
household roles of Labuhan Badas farmers are summarized
in Table 3. If farmers own only small areas of farmland
they are able to complete their farm work rapidly, and this
means they have extra time to work off-farm to increase
their incomes (Meert et al. 2005). The HKm farmers’
circumstances have led many of them to pursue additional
income fetching construction stone and sand (Table 3). On
the other hand, the POF farmers were found to be more
focused on farmland endeavors, mainly on crop-cultivation
and on raising cattle. Off-farm employment limits the time
that can be devoted to the main work in the agriculture
fields (Su et al. 2016).
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activities involved in farmers’ income endeavours are able
to be integrated along with other (e.g. domestic) activities
in the daily round. The daily economic activities performed
by females of both the HKm group and the POF group
could be divided into two sectors, public activities and
domestic activities. The domestic sector activities referred
to routine work of the household such as cooking, cleaning
house and taking care of children. The public domain
referred to the attempt at earning income from activities
such as cultivation of crops in the farm fields, rearing
cattle, and fetching river stones. The detailed activities
performed by farmers in the two groups are presented in
Figure 2 and Figure 3.
The daily activities performed by the HKm farmers
differed between the dry season and the rainy season. This
was due to differences in the income sources between the
two seasons. During the dry season, both male and female
farmers used their time mostly to fetch stone and sand from
the river, while during the rainy season they spent more
time working in their farm fields.
Table 1. Age characteristics of the HKm and POF farmers of
Labuhan Badas, Sumbawa, West Nusa Tenggara, Indonesia
Gender
Male

Ages
(years)

HKm
(persons)

Percentage
Percentage
POF
of Hkm
of POF
(persons)
(%)
(%)

< 15
16 until 64
> 65
Total

0
14
0
14

0.00
41.18
0.00

0
15
3
18

0
44.12
8.82

Female < 15
16 until 64
> 65
Total

0
20
0
20

0.00
58.82
0.00

0
15
1
16

0.00
44.12
2.94

Schedule of daily economic activities
Determining an approximate schedule of daily
economic activities is important to understanding how

Table 2. Education characteristics of the HKm and POF farmers of Labuhan Badas, Sumbawa, West Nusa Tenggara, Indonesia
Education level
Formal education
Uneducated status
Unfinished elementary school
Finished elementary school
Finished intermediate school
Finished high school
Second diploma Certificate (D2)
University graduate / S1-stratum
Total
Non-formal education
Seedling/cultivation skill
no skill
Total

Percentage of
HKm (%)

POF
( persons)

Percentage of
POF (%)

11
10
10
1
1
0
1
34

32.35
29.41
29.41
2.94
2.94
2.94
100.00

5
9
12
6
1
1
0
34

14.71
26.47
35.29
17.65
2.94
2.94
0.00
100.00

6
24
34

17.65
82.35
100.00

1
33
34

2.94
97.06
100.00

HKm (persons)
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Dry Season

a

B

C

D

e

4.30 - - - ->

8.00 - - - ->

13.00 - - - ->

17.00 - - - ->

22.00 - - - - - - - ->

Morning

Noon

Afternoon

Evening

Night

a

b

C

D

e

Times

Rainy Season

Figure 2. The daily activities of the farmers of the privately owned forest (POF) during the dry and the rainy seasons
Note:
Females
Males
A
Morning prayer; cleaning houses and cooking; providing Morning prayer (moslem); preparation for going to garden
fodder to cattle; preparing children for going to school; (picking cashew fruits)
preparing food packs for going to work in the gardens;
preparing for going to market
B
Looking for work outside houses; hammering stones near Performing activities in the gardens; eating breakfast; cultivation
their houses; working in the gardens (cleaning the land; in the gardens; picking cashew fruits; burning grasses; repairing
harvesting/picking cashew fruits; looking for teakwood and fences; looking for firewood
mahoni seeds); taking rest in the gardens
C
Taking a rest; prayer (moslems); preparing incense Taking rest; prayer
(Hindu); going to the Hindu temples; taking care of houses
D
Taking care of children (for praying, teaching)
More working in the gardens; making preparation for returning
home; preparation for prayer (moslem) and Hindu prayer
E
Taking rest; watching TV; dinner; sleeping
Teaching children; prayer; taking rest; dinner; sleeping

Dry Season

f

g

I

g

J

k

Times

5.00 - - - ->

8.00 - - - ->

12.00 - - - ->

14.00 - - - ->

17.00 - - - ->

20.00 - - - - - - - ->

Morning

Noon

Afternoon

Sunset

Evening

Night

f

h

H

h

J

k

Rainy Season

Figure 3. The daily activities of the community-base forest (HKm) farmers during the dry and the rainy seasons
Note:
Females
Males
f
Morning prayer; cleaning houses and cooking; preparing and Morning prayer; seeking and providing cattle fodder
providing cattle fodder
g
Activities of looking for work outside houses; looking for Looking for work at the river; collecting stones/pebbles,
stones/pebbles at the river
and taking/procuring sand
h
Looking for work outside the household; going to cultivate the Going to cultivate the fields (planting rice, sesame
fields, planting rice and other crops; looking for teakwood and seeds, soybeans, green peas, and pigeon peas)
mahoni seeds; taking rest (break); if there was a lot of cultivation
work in the fields, then they remained there for a week
i
Taking rest (break); noon pray; tidying and taking care of houses
Taking rest (break); prayer
j

Taking rest (break); being socialized with
worshiping/praying; cooking for dinner; watching TV

K

Taking rest (break); watching TV; sleeping

neighbors;

Taking rest (break); worship/prayer; teaching prayer to
children; watching TV; dinner
Taking rest (break); watching TV; sleeping
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Table 3. Type of work conducted by the HKm and POF farmers
of Labuhan Badas, Sumbawa, West Nusa Tenggara, Indonesia
Type of work/ occupation

HKm
POF
Farmer Farmer
(persons) (persons)

Main work
- Farmer
- Household mother
- Sewer
- Stone and sand searchers
- Driver of truck for carrying stones and sand
- Teacher
Total

19
1
0
12
1
1
34

31
1
1
1
0
0
34

Secondary work
- Farmer
- Household mother
- Cattle raiser
- Stone and sand searchers
- Carpenter
- Coconut tree climbers
- Retired employees
- Building laborer
Fried-crisp seller
Total

5
10
20
15
0
0
0
1
0
51

20
3
25
4
1
1
2
0
1
57

The income structure of the HKm and POF farm
households are summarized in Figure 4. The income for
each farm household was divided into two categories: the

941

first category (on-farm) comprised incomes earned through
activities associated predominantly with subsistence,
performed in agricultural fields such as crop cultivation,
cattle-rearing and selling, and farm labor; the second
category pertained to incomes earned from non-agricultural
endeavors (off-farm) which included salaries from labor
other than farm labor, earnings from trading, earnings from
industry, government employee’s salaries, remittances for
services rendered, and rewards for assistance given - as
classified by Septiasari et al. (2013) and Saraswati and
Dharmawan (2014).
The total incomes
Incomes for all farmers revealed similarity in the
variety of sources drawn upon. Consequently, their
incomes might have been expected to be almost equal in
quantity. However, the factor that resulted in differences
between farm household incomes was that there were
differences between them in the time spent on the
economic activities, in the number of family members
involved in the economic activities, and in the ownership of
the production factors.
On-farm agriculture was the dominant sector in the
income structure of the POF farmers, while off-farm
economic activity was the dominant sector in the incomes
of the HKm farmers. Nevertheless, total incomes of the
POF farmers were greater than those earned by the HKm
farmers. Accordingly, the total incomes between those two
farmer groups were revealed to be significantly different by
t-test statistical analysis (Table 4).

Figure 4. Structure of incomes earned by households of the HKm and the POF farmers of Labuhan Badas, Sumbawa, West Nusa
Tenggara, Indonesia
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Table 4. T-test analysis of the difference in mean household income between HKm farmers and the POF farmers of Labuhan Badas,
Sumbawa, West Nusa Tenggara, Indonesia
Levene's test
for equality of
Sig. (2t
df
variances
tailed)
F
Sig.
Total incomes Equal variances assumed
0.79
0.37 3.74 66.00 0.00
Equal variances not assumed
3.74 62.76 0.00

Table 5. Income inequality (as indicated by Gini Indices) among
the community-based forest (HKm) farmers; the farmers of
privately owned forest (POF); and the combined HKm and POF
farmers of Labuhan Badas Village, Sumbawa, West Nusa
Tenggara, Indonesia
Farmer unit
The HKm farmers
The POF farmers
Combined category farmers

G-index
0.40
0.25
0.32

Income distribution
Table 5 lists the Gini Indices for the range of incomes
among farmers. For Labuhan Badas Village as a whole, the
low Gini Index value (of 0.32) indicated that there was no
income disparity among farm households considered
individually. However, within the HKm farmer group
considered in isolation, the higher Gini Index value (of
0.40) suggested that there was a significant though
moderate disparity in incomes among these communitybased forest farmers. The interview data revealed that not
all of the HKm farm households were able to raise cattle
nor to obtain additional income from sources outside of the
forest sector. Such farm households had lower incomes
than those of households who were able to more effectively
diversify their income sources.
The situation was quite different for the POF farmers,
who had similar opportunies to raise cattle. Besides, they
also had similar involvements in processing cashew nuts
into higher value products.
Discussion
Characteristics of farmers
It was found in this study that non-formal skills such as
the cultivation of seedlings of teak (Tectona grandis) and
mahogany (Swietenia macrophylla) was very rare among
farmers in both groups. Nevertheless, it was found that
HKm farmers had more time available to join training
programs than did the POF farmers. This implies that
farmers of the HKm group could hopefully gain from any
training programs aimed at enhancing farmer’s productivity
as recommended by Perugini and Pompei (2017).
The HKm farmers could be incorporated in any land
rehabilitation activities in Labuhan Badas Village, and in
training programmes to enhance the farmer awareness of
the benefits of maintaining the natural qualities of their
environment and to encourage conservation of their forests
(Mancini and Bruggen 2008). According to Sumane et al.

t-test for equality of means
Mean
Se of
95% confidence interval
difference difference
of the difference
Lower limit Upper limit
8791014.70 2346140.65 4106793.74 13475235.66
8791014.70 2346140.65 4102286.13 13479743.27

(2017), non-formal as well as formal education are jointly
required to stimulate innovation in technology.
The education level of farmers has a significant effect
on the allocation of time and effort to various economic
activities. Education level also is a factor in farm
householders’ abilities to gain information and learn of
opportunities to benefit from new economic endeavors. The
low education level of the HKm farmers has apparently
limited their ability to obtain job opportunities other than
cultivation in the forest area. The HKm farmers seemingly
have ambition far beyond their cultivation activityin the
state forest area. Allegedly, by occupying the land inside
the forest area for a long time, they hope some day to
receive land certification from the government through
land reform programs. This could be the main reason why
they have earnestly defended the focus of their daily
activities within the forest area, even though this has
resulted in their incomes remaining at just subsistence
level.
The cash incomes of the HKm farmers were dominated
by non-agricultural sources, mainly by searching for stones
and sand sold for construction. This was because they
required financial capital for household living-necessities
that could not be provided by their subsitence activities
alone.
The HKm farmers
Saraswati and Dharmawan (2014) have categorised the
assets of community forest farmers in the following terms:
(i) human capital; (ii) physical capital; (iii) natural capital;
(iv) social capital; and (v) financial capital.
Human capital refers to the number of persons in the
community who are categorized as of productive age: all of
the HKm farmers sampled in this study fell within the
productive age group, 16-64 years. In our study the average
duration of education background among HKm farmers
was only 4 years. Only six of the farmers had followed skill
training associated with cultivating seedlings of forestry
plants
Physical capital refers to such things as vehicles that
can be used in performing daily activities like going back
and forth to schools, markets and farmland. In the research
location there were no public transportation facilities, while
the farmers’ places of residence were quite far from public
facilities. Most farmers (21 persons) obtained their vehicles
through the credit system, while 11 persons obtained
vehicles by cash payment, and two vehicles were
purchased by the children of farmers. Other physical
capital items such as farm land and buildings were not
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available, thereby resulting in low production and incomes
from the agriculture sector. Similarly, cattle were in general
owned by other people notthe HKm farmers themselves.
Natural capital refers mostly to the vegetation obtained
from the local environment, either renewable or
unrenewable resources. Unfortunately, the farmers owned
no forest land themselves, as all their agricultural activities
were conducted on state-owned lands. Diniyati and
Achmad (2016) reported that not all of the plants in the
forest area were available for use by the HKm farmers;
some woody plant species were not allowed to be utilized.
HKm farmers had negligible individual financial
capital. Their social capital was important, but only rarely
did the farmers engage in organizational activities such as
occasional gatherings associated with partial money saving
(arisan), prayer undertakings, and farmer group activities.
However, the relations among the community was very
relaxed and friendly, as shown in particular social events
such as religious rituals, marriage parties, funerals, etc.
Accordingly, on such occasions, family members would
participate cooperatively and assist each other in
organizing social activities.
The POF farmers
In terms of human capital, 88.24% of the POF farmes
sampled in this study fell within the productive age group,
16 -64 years of age. Their education in the main was
equivalent to unfinished elementary school. Their work in
the farmlands was often assisted by other family members.
The higher incomes earned by POF farmers was
influenced by their form of private land ownership. Their
ownership of the land was certified giving them legal title
to the land as property. On average their area of land
amounted to about 0.0191 ha. Similarly, the farmers owned
livestock such as cows, pigs, and chickens. These animals
served as a liquid capital asset, which would be utilized if
they experienced sudden and urgent financial needs.
The farmers all owned vehicles; altogether, 12 bicycles
and 35 motorcycles. There were five farmers who owned
both motorcycles and bicycles. Moreover, there were seven
farmer families who each owned more than one
motorcycle. Having a vehicle was an essential asset
allowing farmers to routinely perform their economic and
other activities.
All farmers had natural assets of seasonal crops and
woody plants.
The POF farmers were only rarely involved in social
organizations such as periodic meetings associated with
partial money saving (arisan), and with integrated services
associated with human health (posyandu), etc. The main
reasons for their relative independence from such social
activities were that their finances were just sufficient for
daily needs and their children were already grown-up. The
owners of household shops trusted that POF farmers who
purchased items from the shops would later pay for these
goods when money was available.
There were 27 POF farmers in the survey who had
access to credit, while 7 farmers were unwilling to access
such credit, as they felt afraid they would be unable to pay
it back. The process of accessing credit was very easy. POF
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farmers could receive favourable access to credit from the
conventional bank (e.g., BRI) because their certified
ownership of land could serve as a guarantee for the loan.
Thirteen farmers reported having financial savings: seven
had savings in the BRI bank; two had money held in a safe;
and four persons had savings in the form of gold metal.
This number was far greater than the number of HKm
farmers with savings. Nevertheless, there was a total of 21
POF farmers who reported having no savings.
The financial capability of farmers was not high and
most of them had only low capability to save money for
their futures. Placing money in safes was quite common
among the farmers, but placing savings in cooperative
agencies and purchasing gold ornaments were occasional
activities
Unlike the HKm farmers, the POF farmers had already
established regular contact with the banks as part of their
financial arrangements. This was because their incomes
were more certain and because their land certificates could
be used as financial security in their dealings with the bank.
This situation was quite different from the HKm farmers
who had no regular financial dealings with the bank
business. This was attributable to the fact that they did not
have certainty of income nor did they have any land
certification to use as a bargaining chip.
More POF farmers than HKm farmers were in receipt
of external financial remittances. Eight POF farmers
(25.53%) in the survey reported receiving remittances from
their children working outside the village.
Daily economic activities
Farming in Indonesia is often thought of as the realm of
men. But, in fact, in our study in Labuhan Badas Village
farming activities were generally performed by both men
and women. Females were actively involved in nondomestic income earning activities in the public domain.
Female apart from their work as household mothers also
assisted in improving household welfare by allocating part
of their worktime to cultivating the household’s fields and
if possible to other informal income-earning activities
(Arsal 2015). The percentage of females involved in
activities in the public domain was 58.82% in the HKm
forest area and 44.12% in the POF forest area. The higher
percentage of females in the HKm area involved in public
domain activities outside the domestic hearth was due to
the perception amongst HKm households that the task of
educating children in the home was a man’s responsibility.
This perception was in part due to their low overall
education level.
Male farmers
The daily economic activities conducted by male HKm
farmers were basically similar to those of male POF
farmers. The activities were divided into two groups i.e.
activities in the rainy season and activities in the dry
season. The kinds of work performed in dry and rainy
season differed from each other.
In the dry season, economic activities performed by
male HKm farmers were predominantly those of collecting
stones and sand; and working as truck drivers. On the other
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hand, in the rainy season, more of HKm men worked in the
farmfields.
The daily economic activities performed by the male
HKm and the POF farmers in general were similar. Their
daily economic activities in the public domain was greater
in number of hours and intensity than their work in
domestic duties; they devoted about 7 hours per day (in dry
season) and about 9 hour per day (in rainy season) to their
activities in the public domain outside the house. During
the planting season, farmers stayed in the cultivation fields
for 3 months to perform land processing and planting work.
Other work carried out by males were activities in cattleraising and in looking for stones and sand at the river.
The female farmers
There was a strong suggestion that female Hkm farmers
were quite motivated on a daily basis by opportuinties to
earn cash uincome. Their daily activities devoted to public
work outside the house amounted to 6 hours on average,
while the rest of their day was spent on domestic duties.
The women in Labuhan Badas Village exhibited
significant productive roles, such that the incomes they
earned greatly supported the economy of their families. As
asserted by Warsito et al. (2011), the roles of women in
poor families are multi-faceted including (1) seeking
incomes for living necessities, either in a supplementary
role or as the primary income-seeker; (2) performing duties
as family mothers (productive in domestic work, not
directly earning incomes, but supporting other family
members to earn the finances for living-necessities); and
(3) contributing as community members.
There were similarities between the female HKm and
the female POF farmers in their activities in the public
domain; in both groups there were more women than men
involved in activities of collecting stones and sand. This is
presumably because the location of the stone and sand
resources was closer to their houses, enabling their work
outside the house to be carried out once having finished
their domestic work. In addition, this made it easy for
women to return to their houses, when they were through
with looking for stones and sand at the river.
The structure of household incomes
The farmers’ incomes were dominated by earnings from
activities associated with natural resources available near
their living places. However, most farmers realised that if
they had relied on just incomes earned from the agricultural
sector, they would not have sufficient finances to meet the
living needs of their households. Thus, they implemented a
strategy of so-called ‘multiple, diversified livelihoods’
(Saraswati and Dharmawan 2014). The farmers devoted a
lot of efforts to the non-agricultural sector; and several
farm households had grown-up offspring involved in cycles
of out- migration to work as laborers and as shopkeepers in
the town. Migration to the town was commom among
children of the POF farmers, and represented a strategy that
sustained the resilience of farmers in earning incomes from
occupations outside the agricultural sector (Saraswati and
Dharmawan 2014).

Figure 4 revealed that the HKm farmers were more
varyied in their income-earning attempts, despite the fact
that their incomes were relatively small in value. In
contrast, although income sources of the POF farmers
varied less, their total earned incomes were greater. Based
on the t-test it was inferred that the total incomes earned by
HKm farmers were smaller than those earned by the POF
farmers; from the assembled income data it is inferred that
the total annual incomes earned by the HKm farm
household reached IDR 11,827,074 per year, which was
smaller than the incomes of the POF farm household (IDR
20,618,088 per year).
The lower incomes for the HKm farmers were
attributed to the fact that they did not have ownership over
their resources; and moreover, that their ability to access
these resources was low. While human capital and social
capital were similar between HKm farmer and POF farmer,
other assets to meet living-requirements - physical capital,
natural capital and financial capital - owned by HKm
farmers were far smaller than was the case for the POF
farmers. The HKm farmers generally raised livestock
belonging to other people, and shared the offspring of the
livestock. In contrast, the POF farmers were sole owners of
the livestock they raised. As a result, the incomes from this
economic activity was much smaller for HKm farmers than
for POF farmers.
The disparity in incomes was not observed only in the
differences between the two farmer groups, but also to a
moderate extent, between individual farm households
within the HKm group. This was due to disparity in the
number of their income-earning sources. Diversification of
income sources outside of the forestry sector was a good
strategy for farmers to increase their incomes, particularly
when their farmlands were very limited (Kalavathi et al.
2010; Birthal et al. 2014; Zhao 2014). In relation to that,
HKm farmers spent significant time collecting stone and
sand, because this natural resource was abundant in their
vicinity. The women farmers even entered into contract
with buyers who required timely delivery of the stone and
sand. Most of HKm farmers originally came from out side
forest area (mainly from Lombok), but only some of them
like to occasionally travelling to their home town to earn
additional imcomes. Besides, only some of them were
interested in raising livestocks of other people by sharing
the offspring. Those two additional economic activities
made some of them gained higher total incomes than
others.
The diversity of jobs performed by HKm farmers was
greater than for the POF farmers. The jobs of the HKm
farmers, especially of the women, were not only distributed
across several economic endeavours (i.e. as farmer, as a
stone and sand collector, as catle raiser), but also include
non-income earning domestik endeavors (i.e. as household
mother). On the other hand, POF farmers tended to mostly
consentrate on one main endeavour, namely agriculture.
This difference between the two groups in the complexity
of thier income-earning activities contributed to the the
differences in the level on their total income.
This difference in complexity was also observed in the
types and level of education of the two farmer groups: the
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HKm farmers had a more diverse educational attainment
than the POF farmers. Education level also is recognised as
having an impact on adoption of technologicalk innovation
(Bucciarelli et al. 2010; Rooij 2011). Higher levels of
education lead to more developed thinking patterns, which
facilitate decision-making especiaaly in relation to uptake
of new technologies (Subagio and Manoppo 2012). The
education of HKm farmers ranged from from uneducated
status to trough to university graduate status. This disparity
in education had an impact on the farmers’ access to
economic endeavors and in turn was a factor in the
moderate disparity in household incomes among the HKm
community.
In conclusion, activities performed by all farmers
comprised both agricultural and non-agricultural
endeavors. The community-based forest (HKm) farmers
had 14 sources of income while the farmers of privately
owned forest (POF) had 12. The principle non-domestic,
income-earning activities of female farmers was in seeking
for stones and sand at the river, while the main activities of
male farmers were agriculture, in the farm fields. Nondomestic activities performed by HKm and POF female
farmers in the public domain lasted for 6 hours and 5 hours
per day, respectively. Economic activities performed
outside the house by HKm and the POF male farmers was
of 8 hours duration for both groups. By relating the
characteristics of farmers to their daily economic activities,
we were able to ascertain why the incomes of the HKm
farmers were on average significantly smaller than the
incomes of the POF farmers. To improve their incomes, the
farmers in both research locations (but especially the HKm
farmers) had attempted to implement a so-called multiple,
diverse, livelihood strategy; whereby the main incomes
earned by the HKm farmers were from the non-agricultural
sector (71.66%), mainly from fetching stone and sand
(38.55 %); while the incomes of the POF farmers were
dominated by agricultural sources (54.53%). Unfortunately,
the difference in incomes between the HKm and the POF
farmers was mainly due to differences in land tenure and
cattle ownership. Moreover, differences in ability and
intensity to carry out new income-earning endeavors
between farmers within the HKm community has led to
moderately disparity between farm households within their
community.
The HKm farmers allegedly have a hidden hope that in
the long-run their responsible farming activity within the
state production forest will lead to them being given land
certification through land reform programs. Such legal
titles to land the land could be used by Hkm farmers as
guarantees in pursuing credit from the banks. The incomeearning endeavours of the farmers have so far had not
achieved maximal benefits. Our study suggests that there is
sufficient time available in the work schedules of female
farmers to enable them to take on additional promising
economic activities. To achieve this opportunities need to
be created for training in such new enterprise as the raising
of honey bees, and the processing of cashew fruit and
jackfruit. Such training would facilitate farmers in further
diversifying their economic endeavors, thereby enhancing
farm household incomes.
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Abstract. Astriani A, Diniyah N, Jayus J, Nurhayati N. 2018. Phenotypic identification of indigenous fungi and lactic acid bacteria
isolated from ’gatot’ an Indonesian fermented food. Biodiversitas 19: 947-954. As a traditional Indonesian food made from cassava,
‘gatot' has special attracted characters of black appearance and chewy texture, mainly as a result of certain fungi and lactic acid bacteria
(LAB) during the spontaneous fermentation. However, many producers were failed to gain these typical properties since much unwanted
microbial strain often appears during the spontaneous fermentation. Therefore, this study was conducted to isolate and identify the
indigenous fungi and LAB which predominantly contributed in fermentation of cassava during ‘gatot’ production. Fungi and LAB were
isolated from conventionally made of the ‘gatot’ followed by the phenotypic identification of the isolates based on the morphological
and physiological properties. The fungi isolates were morphologically distinguished by the type of mycelia, the shape, and color of the
sporangium, while the LAB strains were identified by the type of cell and colony form. In addition, the physiological behavior of the
LAB isolates was characterized by their typical growth temperature, its catalase activity and its fermentation profile using BBL crystal
kit test. The predominant fungi isolates were identified as Botryodiplodia theobromae, Rhizopus oligosporus, Trichoderma sp. and
Aspergillus niger. B. theobromae had greyish white to black color of mycelia when it mature. R. oligosporus had globose sporangium
and blackish grey color of the mature mycelia. Trichoderma sp. had green color of the mature sporangium and mycelia. A. niger had
yellow color of the mycelia and black color of sporangium. Meanwhile, the indigenous LAB was majority identified as Lactobacillus
manihotivorans, Bacillus licheniformis, Brevibacillus brevis and Lactobacillus fermentum. Those bacteria were gram-positive, rods
shape, catalase-negative and grew optimally at 37oC. The LAB also arise frequently in many spontaneously fermented food. B.
theobromae, R. oligosporus, L. manihotivorans, and L. fermentum were potential and non-pathogenic microbial, which can be used as a
starter culture to produce ‘gatot’ under controlled fermentation process.
Keywords: Indigenous fungi, lactic acid bacteria, non-pathogenic microbe, phenotypic identification, traditional food

INTRODUCTION
Cassava is one of the Indonesian raw material local
food that eaten by some people as the rice substitute. It is a
source of carbohydrate. Cassava can be classified into two
types, the sweet and the bitter cassava. The sweet cassava
is Manihot utilissima containing low cyanide acid, while
the bitter cassava is Manihot esculenta Crantz containing
high cyanide acid and toxic to consumed (FAO 2003;
Burns et al. 2012; Chikezie and Ojiako 2013). In traditional
Indonesian society, sweet cassava can be directly processed
into traditional Indonesian snack, i.e. ‘cenil’, ‘lupis’, ‘getuk
lindri’, ‘tapai’ and ‘growol‘ (Putri et al. 2012; Nurhayati et
al. 2014). On the other hand, the bitter cassava needs to be
pre-treated to reduce cyanide acid, for example drying,
soaking, starch extraction and fermentation before
consumed (Padmaja and Steinkraus 2009). Generally, bitter
cassava is processed into dried cassava (‘gaplek’), modified
cassava flour (mocaf), cassava starch, and traditional
Indonesian fermented food, i.e. ‘gatot’ and ‘tiwul.'
Gatot is a traditional food especially processed and
consumed by old people in Trenggalek District, East Java,

and Gunung Kidul District, Yogyakarta, Central Java,
Indonesia. It is made by two different processes,
spontaneous solid-state fermentation and spontaneous
submerged fermentation. During solid state fermentation,
the fungi grow on cassava tuber and produce greyish or
black color on the inside and outside of the tuber
(Purwandari 2000; Yudiarti and Sugiharto 2016). The
‘gatot’ has unique characteristics, i.e. black color of tuber,
chewy texture and special flavor than the other cassava
food. The black color of tuber and the unique flavor are
determined by penetration of the fungal hyphae on the
substrate and a phenolic compound as metabolic from fungi
activities, while the chewy texture is determined from
hydrolyzed of starch (amylose) by lactic acid bacteria.
These special (unique) characters can appeared after
steaming the ‘gatot’ for 30 minutes.
Fungi grow spontaneously during the ‘gatotan’
fermentation. Budhiatti et al. (1995) had isolated
indigenous fungi from cassava starch, i.e. Rhizopus
oligosporus, Aspergillus niger and Mucor griseocyanus. In
another research, Yudiarto and Sugiharto (2016) found
fungi from the ‘gatotan’ made from Central Java Indonesia,
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i.e., Rhizopus oryzae and Acremonium charticola. A
dominant fungus (Botryodiplodia theobromae Pat.) was
isolated in ‘gatotan’ from several areas in East Java and
Central Java. This fungus was able to change the cassava
tuber into black color in the inside and outside (Purwandari
2000). Lactic acid bacteria (LAB) also grew on the
carbohydrate sources during submerged fermentation.
Some LAB were isolated from fermented food in some
countries, such as L. fermentum from “burong isda” a local
food processed in Filipina (Olympia et al. 1995), L.
manihotivorans from cassava sour starch fermentation in
Columbia (Guyot et al. 2000), L. plantarum and L.
fermentum from various Nigerian traditional amylaceous
fermented food (Sanni et al. 2002) and L. salivarus and L.
fructivorans from spontaneous fermentation of unripe
banana in Indonesia (Nurhayati et al. 2011).
Several unwanted microbial strains often appear during
the spontaneous fermentation of the ‘gatot’. During solid
state-fermentation, the unwanted microbial strains caused
rotten cassava, not able to form black color in the inside
and outside of cassava tuber and possible to be toxic during
long time fermentation of ‘gatotan’ (more than ten days).
Different area has different microflora diversity. Therefore,
the dominant microbes could grow differently in another
area (region). This study aimed to isolate and identify the
indigenous fungi and LAB during ‘gatot’ production in
Trenggalek District, Indonesia.
MATERIALS AND METHODS
Production of the ‘gatot’ by spontaneous fermentation
The bitter cassava (Manihot esculenta Crantz)
‘Gembluk’ variety was used as a raw material for the
‘gatot’ production. ‘Gembluk’ is a local cassava variety
from Trenggalek, East Java, Indonesia. Cassava root was
harvested on the nine-month-old plants. The making of the
‘gatot’ was initiated by peeling the cassava, then washed
and pre-dried by sun-drying. The cassava was placed in an
open space (on the roof) for four days. The pre-drying of
cassava is intended as a trigger to expose various
microflora from the air. The semi-dried cassava was
fermented by solid-state fermentation in sacks for five days
at room temperature (26 ± 2oC) then it was dried by sundrying to stop the fungi activities. Thus the obtained result
is called as the ‘gatotan'.
The ‘gatotan’ presented the greyish or black color on
the inside and outside of the cassava tuber. It soaked in the
water with the ratio of 1:4 (v/v) for four days (96 hours).
The soaking process of the ‘gatotan’ was called
spontaneous submerged fermentation. During submerged
fermentation, lactic acid bacteria grew and hydrolized the
‘gatotan’. The LAB growth indicated by decreased pH of
the water from 6.00 to 4.00. The product from solid state
and submerged fermentation is called ‘gatot’.
Isolation of indigenous fungi from the ‘gatotan'.
Fungi were isolated from spontaneous solid state
fermentation of the ‘gatotan’. One gram of greyish or black
‘gatotan’ was inoculated in a petri dish containing 15 ml of

the MEA medium (malt extract agar). Isolation of the
dominant fungi was based on the different color of mycelia,
and also the color and shape of the sporangium, conidia or
pycnidia (Zulkifli et al. 2017). The dominant fungi were
inoculated on petri dish containing the MEA medium by
continuous scratches using inoculating loop (ose). Then it
was incubated at 30oC for 5 days. This step was repeated
for several times until it achieved pure fungal species.
Isolation of indigenous lactic acid bacteria from the
‘gatot'.
Lactic acid bacteria (LAB) were isolated from
submerged fermentation water. Each 500 µL samples of
soaking water from various fermentation time, 24 hours
(A), 48 hours (B) and 72 hours (C) were inoculated on the
MRSA medium (de Mann rogosa agar) containing CaCO3
(3% w/v). The CaCO3 caused clear zone around the colony
indicating the colony as LAB after incubation at 37oC for
24 hours. Screening of the LAB was based on the largest
area of the clear zone on each colony of the isolate
(Nurhayati et al. 2011). Two LAB isolates were selected
from each fermentation time and inoculated on the
petridish containing the MRSA medium by quadrant
scratches using inoculating loop. Then the isolates were
incubated at 37oC for 24 hours. The colony of LAB was
purified by repeating the inoculation step until a single or
pure colony of the indigenous LAB was obtained.
Phenotypic identification of dominant indigenous fungi
and lactic acid bacteria (LAB)
Phenotypic identification of fungi was observed by the
macroscopic and microscopic observations. The
macroscopic observation of fungi was the color of colony
and sporangium. The microscopic observation of fungi was
conducted by slide culture method (Kusnadi et al. 2008;
Kumar et al. 2012). One ose of fungi mycelia was
inoculated in one drop of MEA medium on a sterile object
glass and covered with a cover glass. The isolate was
incubated at 30oC for four days. The inoculum was
observed microscopically under the binocular XSZ-107
microscope at 100x and 400x magnification.
The phenotypic of LAB were identified based on
morphological and physiological observation. The
morphological observation consisted of typical of the
colony, cell form and gram staining (Ammor et al. 2005).
The typical of LAB colony was observed by visual
observation, while cell form and gram staining were
observed under the binocular microscope at 1000x
magnification. The physiological identification consisted of
catalase activity test, temperature growth and fermentation
profile using BBL crystal kit (BD BBL crystal TM: MIND
software, USA) (Ammor et al. 2005; Becton 2010). The
catalase activity test was carried out by dropped 100 µL of
H2O2 3% (w/v) on LAB colony at sterile object glass. The
growth temperature test was done by inoculated 0.1 ml of
the LAB on 5 ml MRSB medium and incubated at 10°C,
37°C and 50°C for 48 hours. Clouded appearance on the
MRSB medium indicated that the LAB was growing.
The fermentation profile of LAB isolates was observed
using BBL crystal positive gram kit test. Five oses of LAB
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isolate were suspended on 2.3 ml BBL crystal
physiological buffer solution. The bacteria suspension was
poured in a microtube plate of BBL crystal kit until the
suspension filled the holes track on the microtube plate.
Then it was closed with a cover plate containing 30 kinds
of substrates. The plate of BBL crystal test was sealed by
wet wipes to keep it moist and incubated at 37°C for 48
hours. The change of color and fluorescent on the holes of
microtube plate indicated that the isolates fermented the
substrate. Furthermore, the data from the color change and
fluorescent were processed using software BBL Crystal kit
(BD BBL CrystalTM: MIND software).

Indonesia, East Java Indonesia, Nigeria and Columbia
(Buddhiati et al. 1995; Guyot et al. 2000; Purwandari 2000;
Sanni et al. 2002; Yudiarti and Sugiharto 2016). During
fermentation process, the carbon sources (substrates) also
determined the growth of various species of microbial, i.e.
species of Aspergilli on the grape pomade (a winery byproduct) (Senaye et al. 2015), some genus and species of
amylolytic LAB on the starchy substrate (Reddy et al.
2008), and various species of fungi on the corn grain
(Zulkifli and Zakaria 2017). In another case, the microbial
activity reflected the changes in ecosystem properties
between summer and winter at the Bohemian mountain,
Central Europe (Zifcakova et al. 2016).

RESULTS AND DISCUSSION

Characteristic of contaminated ‘gatotan’ by unwanted
microbial
During fermentation process of the ‘gatotan’, some
contaminant fungi as unwanted microbial grew dominantly
than desired fungi (Figure 2). The contaminant fungi that
grow predominantly during solid-state fermentation were
Trichoderma sp. (Figure 2.A) and Aspergillus niger (Figure
2.B and 2.C). Instead of having black color, the unwanted
fungi caused a different characteristic of the contaminated
‘gatotan’, such as unable to form black color on inside
tuber and might result in a toxic on the cassava tuber. At
certain times, the cassava could be rotten during solid-state
fermentation (Figure 2.D). The rotten cassava was caused
by the contamination of yeast. It made the cassava tuber
become soft and smelled like acid and alcoholic aroma.

Fermented dried cassava (‘gatotan’)
The spontaneous solid-state fermentation of the cassava
produced various performance of the ‘gatotan’: black
(Figure 1.A), patchy grayish black (Figure 1.B), and white
appearance in the inside and outside of cassava tuber
(Figure 1.C). Indonesian local society called a white
‘gatotan’ as a ‘gaplek’ (dried cassava). The different colors
of the ‘gatotan’ are mainly affected by the different
microflora activities on the substrate. During the solid state
fermentation in a sack, various fungi were able to change
the cassava tuber into greyish and black color appearance.
Rhizopus oryzae, Acremonium charticola and B.
theobromae Pat. were reported as the indigenous fungi
which caused color changes of the cassava from white
tuber into greyish and black in the inside and outside
(Yudiarti and Sugiharto 2016; Purwandari 2000). The fungi
produced a secondary metabolite that probably gave a
specific flavor. The specific flavor on the ‘gatotan’ was
caused by the phenolic compound. Purwandari et al. (2014)
revealed that ‘gatotan' flour fermented by B. theobromae
had total phenolic compounds of 419.43 mg/100g.
The various species of microflora depend on the region,
the sources of carbon (substrate), the water activity (aw) of
raw material and the weather during fermentation. The
various dominant fungi and LAB were found during
fermentation at a different area such as Central Java

A

The dominant indigenous fungi from ‘gatotan’ and its
morphological characteristic
The dominant indigenous microbe during ‘gatotan’
fermentation were fungi. Isolation and identification of
indigenous fungi were based on the different color of
mycelia and sporangium on morphological characterization.
There were four isolates as the most dominant fungi in the
‘gatotan’. The fungi isolates were coded as isolate 1, 2, 3,
and 4 (Figure 3). The characterization of the dominant
indigenous fungi was observed under the binocular XSZ107 microscope (Figure 4).

B

C

Figure 1. Fermented dried cassava (‘gatotan’) with black (A), patchy grayish black (B) and white color appearance (C) in the tuber
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A

B

C

D

Figure 2. Dominant unwanted microbial strain on the cassava tuber, i.e., Trichoderma sp. (A), Aspergillus niger (B and C), rotten
cassava caused by yeast during solid state fermentation (D)

A1

A2

A3

A4

B1

B2

B3

B4

Figure 4. Morphological characterization of the four dominant fungi under microscopic observation at 100x (A) and 400x (B)
magnification

A

B

C

D

Figure 3. Isolates of the indigenous dominant fungi from
“gatotan”

Fungus isolate no. (1) had very fine and greyish white
of mycelia color on MEA plate which subsequently turned
black when it mature based on the macroscopic observation.
During incubation, the pycnidia were found (Figure 4.A1).
The pycnidia were a round or bottle fruit body form that
containing conidia. Based on the microscopic observation,
this fungi had septate hyphae. When the pycnidia were
open, the conidia (spore) would be spread. The conidia
were observed using microscope at 400x magnification
(Figure 4.B1). This fungus was identified as B. theobromae,
which had the same characteristic as reported by Yan et al.
(2013). Purwandari (2000) also observed the presence of B.
theobromae in the ‘gatotan’. The hyphae were penetrated
to the cassava tuber and made tuber’s appearance become
greyish in the inside and outside of cassava tuber.
White mycelium or hyphae were observed in the second
isolate (fungus no. 2). The sporangium color was grey and
turn into black when it was mature. Based on the
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microscopic observation (Figure 4.A2 and 4.B2), the
fungus had mycelium and sporangiophore that grew and
elongated in the air either single or in groups. The hyphae
penetrated to the substrate because of turgor pressure from
the tip of mycelium. It called as rhizoid. The hyphae also
grew on surface of the substrate and formed branching
hyphae. The hypha produced globose sporangium when it
matured. Based on these characteristics, the fungus was
identified as R. oligosporus (Diaz et al. 2010; Yudiarti and
Sugiharto 2016). R. oligosporus had rhizoid or vegetative
hyphae that penetrated and hydrolized organic compound
of the substrate. According to Gunter (2005), R.
oligosporus produced amylase enzyme on a starchy
substrate. R. oligosporus is common to appear in the
traditional Indonesian food such as tempeh.
Fungus isolate no. (3) had green color of the mycelia,
conidiophore, and colony. Based on the microscopic
observation, this fungus had conidiophore as a sporangium
(Figure 4.A3). The conidiophore looked like globose
caused of some clustered conidia on the tip of phialides. In
another side, each conidiophore produced lateral side
branches phialides then the phialides produced some
conidia. The conidiophore consisted of some rounded
clusters of the conidia that attached to the phialides under
the microscopic observation at 400x magnification (Figure
4.B3). Furthermore, the hyphae did not grow as high as
other hyphae. The hyphae produced smaller branches and
formed ultimately a conifer-like branching system. The
conidiophores had primary branching arising from the main
axis of mycelium. Kumar et al. (2012) reported that these
characteristics of ts fungus were identified as Trichoderma
sp. This fungus has branched hyphae which were growing
to the top and the side. Trichoderma sp. is cellulolytic dan
amylolytic fungus. It is commonly found in the organic
material such as leaf and carbohydrate raw-material waste
(Kusnadi et al. 2008).
Fungus isolate no. (4) had a yellow color of the
mycelia, black color and globose of the conidiophore. The
size of conidiophore was larger than the sporangium of R.
oligosporus based on the macroscopic observation (Figure
4.A4). The conidiophore formed by some conidia and
phialides that clustered and looked compact like globose
sporangium. Same as Trichoderma sp., this fungus had
conidiophore that consisted of the phialides and conidia,
but the phialides and conidia of this fungus had a different
structure of Trichoderma sp. This fungus had chains of
conidia on the tip of phialides, meanwhile Trichoderma sp.
had rounded clusters conidia on the tip of phialides. The
clustered phialides were forming into large globose (Figure
4.B4). The fungus didn’t have branching hyphae. The
hyphae were growing to extend upward (Figure 4.A4). The
morphological characteristics of this fungus corresponded
with A. niger which has been identified by other
researchers (Anderson and Smith 1971; Jorgensen et al.
2011). A. niger had black and globose sporangium. This
fungus produced ochratoxin A (OTA) after seven days
incubation (Senaye et al. 2015). The OTA toxicity limit of
the contaminated food for human consumption is 0.2 to 1.6
µg OA/kg (Riemann and Cliver 2006).
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The four indigenous fungi were identified as B.
theobromae, Trichoderma sp., R. oligosporus and A. niger.
The dominant fungi isolated from the ‘gatot’ fermentation
in this study were different with the fungi on the ‘gatot’
fermentation in the previous studies (Buddhiati et al. 1995;
Yudiarti and Sugiharto 2016; Purwandari 2000). Different
location of the ‘gatot’ production was proposed as the
reason. Every region has specific dominant microflora
diversity which grows during spontaneous fermentation.
Each fungus produced different compounds as a secondary
metabolite. Trichoderma sp. and A. niger produced toxin as
a secondary metabolite. R. oryzae was reported had
phenolic compounds of 16.08 ± 0.16 mg/100g. While
Acremonium charticola produced phenolic compound
about 26.25 ± 0.39 mg/100g (Sugiharto et al. 2016).
Differences in the amount of secondary metabolite
produced by the fungi might give different flavor of the
'gatotan' as a product from fungi activities.
The dominant indigenous LAB during ‘submerged
fermentation of ‘gatot’ and its morphologicalphysiological characteristics
Six lactic acid bacteria (LAB) isolated from the
submerged fermentation of the ‘gatot’ were analyzed based
on the largest area of the clear zone on the MRSA+CaCO3
medium. The isolates were tested on gram staining and
coded as A1, A2, B1, B2, C1 and C2 (Figure 5). All of the
indigenous LAB isolates had white-round or oval colony,
convex elevation, gram-positive bacteria, a rod-shape
(bacilli) cell under microscopic observation at 1000x
magnification (Figure 5). Putri et al. (2012) reported that
the characteristic of the lactic acid bacteria was coccus or
bacilli shape and positive gram bacteria. Morphological
and physiological characteristics of the LAB from
submerged fermentation of ‘gatot’ were presented in Table 1.
The indigenous LAB grew well in MRSB medium, only
at 37oC either in 24 hours or 48 hours (Table 1). The
growth performance of LAB was not detected at 10oC and
50oC. It showed that LAB was mesophilic bacteria. The
optimum growth temperature of LAB was also observed by
Nurhayati et al. (2011) in the spontaneous fermentation of
banana. This indigenous LAB grew at 35-37oC. Manini et
al. (2016) also reported that LAB isolated from wheat bran
sourdough had the growth rate temperature at 30-37oC.
Lactobacillus sp. could grow during 24-48 hours
incubation (Ammor et al. 2005). Catalase enzyme test for
the LAB isolates showed that all of the isolates did not
produce bubbles after dropped of H2O2 solution. It indicates
that LAB didn’t produce catalase enzyme (negative
catalase). Therefore, the LAB isolates couldn’t hydrolyze
the H2O2 into O2 and H2O. Putri et al. (2012) reported that
LAB was anaerobic facultative and did not produce
catalase enzyme.
Five of the indigenous LAB isolates could be identified
as the species of bacteria, but one isolate (the B2 isolate)
was unidentified based on the BBL crystal kit test.
Generally, all of the LAB isolates were able to ferment
phenylalanine, arginine, and isoleucine. The LAB isolates
had different ability in fermenting the specific substrates
(Table 2). The different of profile fermentation determined
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the LAB species. Beside ferment the general substrates, the
A1 isolate also can ferment the other substrates such as
valine, glucose, pyroglutamic acid, tryptophan, trehalose,
lactose, methyl-glucoside, sucrose, mannitol, maltotriose,
arabinose, fructose, proline, galactose, and identified as
Lactobacillus manihotivorans with the similarity
percentage of 98.87%. Furthermore, the A2 isolate was
identified as Bacillus licheniformis (87.32% of similarity
percentage), the B1 isolate was identified as Brevibacillus
brevis (99.91% of similarity percentage) and the C1 isolate
was identified as Lactobacillus fermentum with the

similarity percentage of 42.71%. The C2 isolate was
identified as the same bacteria as the A1 isolate, i.e. L.
manihotivorans, because they fermented the same carbon
sources on BBL crystal kit plate test. However, the C2
isolates had a lower similarity species identification
percentage (55.12%) than that of the A1 isolate (90.87%).
A high percentage of similarity indicates the proximity of
species estimation between isolated bacteria with reference
bacteria in the BBL database based on their ability to
ferment the various substrate.

Table 1. Morphological and physiological characteristic of lactic acid bacteria isolated from ‘gatot’ during submerged fermentation
Morphological characteristic

Physiological characteristic
Growth temperature (oC)
Catalase
Typical of colony
Cell form
24 hours
48 hours
activity
10oC
37oC
50oC
10oC
37oC 50oC
test
A1
White-round, convex elevation Positive
Rod shape
+
++
A2
White-oval, convex elevation
Positive
Rod shape
+
++
B1
White-oval, convex elevation
Positive
Rod shape
+
++
B2
White-round, convex elevation Positive
Rod shape
+
++
C1
White-round, convex elevation Positive
Rod shape
+
++
C2
White-round, convex elevation Positive
Rod shape
+
++
Note: A1, A2 = LAB isolates at the 24 hours fermentation, B1, B2 = LAB isolates at the 48 hours fermentation, C1, C2 = LAB isolates
at the 72 hours fermentation, (+) = There was growth of LAB, (-) = There was no growth of LAB, or no catalase enzyme production
Code of
isolates

Gram
staining

A1

B1

C1

A2

B2

C2

Figure 5. The bluish purple color from gram staining and cell form of two selected colony of LAB isolates under microscopic
observation at 1000x magnification on different fermentation time 24 hours (A); 48 hours (B); 72 hours (C)
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Table 2. Fermentation profile of LAB isolates using BBL Crystal kit test

In another study, Lactobacillus plantarum-pentosus, L.
plantarum, L. fermentum and Pediococcus sp. were found
on ‘gatot’ fermentation at Yogyakarta, Central Java
(Rahayu 2003). Nuraida (2015) reported that L. plantarum
Mut 7 and Mut 13 isolated from ‘gatot’ had promising
characteristics as a probiotic candidate. The different area
might result in different species of dominant LAB. In a
study conducted by Guyot et al. (2000), the L.
manihotivorans was found during sour cassava starch
fermentation. L. manihotivorans was reported as
homofermentative LAB that produced L-(+) lactic acid and
the α-amylase enzyme. L. fermentum was identified on
some fermented food from Nigeria (Sanni et al. 2002).
Furthermore, amylolytic lactic acid bacteria (L. plantarum
and L. rhamnosus) were found during fermentation of
‘growol’ (an Indonesian fermented food) (Putri et al. 2012).
Manini et al. (2016) isolated several LAB from wheat bran
sourdough, i.e. Leuconostoc mesenteroides, Leuconostoc
citreum, Lactobacillus brevis, Lactobacillus sakei, and
Pediococcus pentasaceus, which were able to ferment Dglucose, D-fructose, D-maltose and N-acetylglucosamine
based on the API 50 CH system.
In conclusion, there were four dominant indigenous
fungi and four dominant indigenous LAB isolated from
‘gatot’ fermentation in Trenggalek District, East Java,
Indonesia. The fungi were B. theobromae, R. oligosporus,
Trichoderma sp. dan A. niger. The indigenous LAB was
identified as L. manihotivorans, B. licheniformis, B. brevis,
and L. fermentum. B. theobromae and R. oligosporus were
desired fungi, while Trichoderma sp. dan A. niger were
unwanted fungi during solid-state fermentation of the
‘gatotan’. L. manihotivorans and L. fermentum were
potential LAB among the other. In the future research, the
selected fungi and LAB isolates from ‘gatot’ fermentation
can be used as starter cultures for controlled fermentation
of the ‘gatot’ production.
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PGO

PAM

PHO

PLN

PCE

BGL

FRU

ARA

MTT

MNT

SUC

MAB

LAC

TRE

FIS

FHO

FGA

FTR

FAR

FPY

FGS

FPH

FVA

FGC

Code
Identified
% Identification
of
species of
based on BBL
isolates
bacteria
crystal kit test
A1
- + ++ ++ ++ ++ ++ - - ++ + + + + + + + + - - + - - + ++ L. manihotivorans
90.87
A2
- - ++ - ++ ++ - ++ ++ ++ + + + + + + + + - - + + - - ++ B. licheniformis
87.32
B1
++ - ++ - ++ ++ - ++ ++ ++ - - - + - - - + + + + + + + + B. brevis
99.91
B2
- - ++ + ++ ++ + ++ - ++ + + + - - - + + - - + - + + ++ No identification
C1
- + ++ + - ++ ++ + - ++ + + + + + + + - - - + - - - ++ L. fermentum
42.71
C2
- + ++ ++ ++ ++ ++ + - ++ + + + + + + + + - - + - - + ++ L. manihotivorans
55.12
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Abstract. Adnew W, Tsegay BA, Tassew A, Asmare B. 2018. Assessments of farmers′ perception and utilization status of Brachiaria
grass in selected areas of Ethiopia. Biodiversitas 19: 955-966. The study was conducted to evaluate farmers′ perception and utilization
status of Brachiaria grass in selected areas of Ethiopia. It was done between April and June 2017. The study employed a multistage
sampling method based on the level of distribution of Brachiaria grass as push-pull technology and animal feeds. Respondent farmers
were selected purposely based on their practice of Brachiaria grass production and use. A total of 280 household heads, 160 from
Oromiya and 120 from Amhara regions, proportionally selected were interviewed. The average land holding per household was
1.79±1.73 hectares and average household size was 6.60±1.99 persons. Identified constraints of forage production were ranked as land
shortage (1st), free grazing (2nd), lack and high cost of planting materials (3rd), poor extension service (4th), drought (5th), and lack of
awareness (6th). Of the problems, the finding indicated that feed shortage during long dry season (77.0%) is a critical problem. From
total respondents, 96.1% faced feed shortage for their livestock at least once a year. Major constraints to improve forage production
were ranked as land shortage, unmanaged grazing, lack of grass planting materials, poor extension service and drought, orderly. All
respondents (100%) from Oromiya and 52.1% of respondents from Amhara have got training about use of Brachiaria grass. Majority of
the respondents (97.3%) believed that Brachiaria grass is much productive compared to other grasses. Overall, the study showed that
training to farmers and adequate provision of extension services on the use of Brachiaria grass are necessary to exploit the potential of
the grass in the study districts as well as the country at large.
Keywords: Brachiaria grass, extension service, smallholder farmers, push-pull, perception

INTRODUCTION
The livestock sector has considerable economic and
social importance at household and national levels in
Ethiopia (Gelayenew et al. 2016). However, productivity of
livestock is low due to inadequate supply of feed and poor
feeding practice (Gelayenew et al. 2016). The main feed
resources for livestock in Ethiopia are natural pastures,
crop residues and aftermath grazing (Getnet 2012; CSA
2016). These types of feed resources cannot support the
expected animal productivity due to their nutritional
limitations. Use of improved and climate-smart forage
species is receiving considerable recognition as an option
to overcome this problem. According to Getnet (2012), the
integration of improved forage crops in agricultural
systems has many advantages including soil conservation;
reduced weeds, pests, and diseases, in addition to their
primary use as high-quality animal feeds. Brachiaria grass
is one of the different candidate forages that have
multidimensional function in the farming systems of the
tropics, including Ethiopia.
Species of Brachiaria, which are native to eastern
Africa, are extensively grown as livestock forage in South
America and East Asia, and are believed to occupy over 99
million hectares in Brazil alone (Jank et al. 2014). These
grasses have a very crucial role in supporting a highly
vibrant beef industry. Adaptation to low fertility and acidic

soils; tolerance to drought, shade, and flooding; high
biomass production potential; ability to accumulate carbon
into soils and efficiently use nitrogen are among the
important qualities of these grasses. They also can
minimize emission of greenhouse gasses and groundwater
pollution (Arango et al. 2014; Rao 2014; Ghimire et al.
2015). Recently, Brachiaria grasses are being used in
‘push-pull’ technology developed by the ICIPE and its
partners. The technology uses carefully selected plants as
intercrops which either repel or attract Stem borer moths
and also control Striga, resulting in significant
improvements in yield of cereal crops (Khan et al. 2008;
Midega et al. 2014).
This technology has been the most successful control
strategy for integrated management of the above mentioned
two important constraints to cereal cultivation, with the
added advantages of simultaneously improving soil fertility
and agro-ecosystem integrity (Khan et al. 2014), while also
allowing its integration with livestock husbandry as the
companion plants used are valuable and nutritious fodder
(Murage et al. 2015).
Despite its multiple benefits, the sustainability of the
conventional push-pull technology, which uses Napier
grass (Pennisetum sp.) as the trap crop and silver leaf
Desmodium as the intercrop has been affected by the global
effects of climate change and Napier grass is also
threatened by the emergence of stunt and smut diseases
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(Mureithi and Djikeng 2016); which has also limited its
expansion to drier areas. In a new strategy termed ‘climatesmart push-pull', the cereal crops are intercropped with the
drought-tolerant green leaf Desmodium species which can
withstand heavy grazing than Napier grass and Brachiaria
cv mulato (Brachiaria spp.) is planted as a border crop
(Khan et al. 2014). Push-pull technology has widely been
disseminated and accepted by smallholder cereal farmers in
East Africa, and it has been termed as a low-cost
conservation technology (Murage et al. 2015). Over 80,000
smallholder farmers of Kenya are using this technology,
with reports showing two to three-fold increase in maize
yields (Khan et al. 2008). Regarding Ethiopia, the pushpull technology has progressed tremendously since its
introduction in the country five years ago, with over 8,000
farmers now using the technology by ICIPE (International
Centre of Insect Physiology and Ecology, Nairobi, Kenya)
collaboration with various partners (ICIPE 2017).
In order to meet the demand for livestock products,
there is a need to assist farmers to improve feed supply that
meets animal requirement to match livestock productivity
(Njarui et al. 2016). The problem of feed shortage can be
addressed through identification and promotion of forage
species with nutritive value which are also adapted to
drought and low soil fertility (Ghimire et al. 2015).
Although Brachiaria grass has been introduced in some
areas of Ethiopia as animal feed, part of push-pull
technology and for soil conservation by different
organizations, i.e., ICIPE, LIVES Project (Livestock and
Irrigation Value-chains for Ethiopian Smallholders), Wollo
University and MoANR (Ministry of Agriculture and
Natural Resources of Ethiopia), there is no information on
how farmers are actually using it. Hence, this assessment
was conducted to understand farmers’ perception and
utilization status of Brachiaria spp. in selected areas of
Ethiopia.

in determining the temperature range of the region. At
altitude ranges from 600 to 1400 m a.s.l., the mean annual
temperature range is· 21-27°C while in the cold to very
cold moist zone, where the altitude ranges from 2800 to
4200 m asl., the mean annual temperature varies from
7.5°C to 16°C (CEDEP 1999).

MATERIALS AND METHODS

Data sources and methods of data collection
Both primary and secondary sources of data were used
for the study. Primary data was collected from the selected
respondents,
using
pre-tested
semi-structured
questionnaires. Secondary data was obtained from the
district agricultural offices. The semi-structured
questionnaires were administered as personal interviews
with the selected respondents in each study area. The
questionnaires focused on information on farmers'
socioeconomic characteristics (e.g., age, gender, education
and family size), farm characteristics and, most
importantly, on their personal perception of production and
utilization of Brachiaria grass.

Description of the study area
The study was conducted between April and June 2017
in selected sites of Amhara and Oromiya regions of
Ethiopia (Figure 1).
Amhara National Regional State (ANRS)
Amhara is located in the northwestern, eastern and
central parts of Ethiopia. Geographically, it is situated
between latitude 9°-13°45'N and longitude 36°-40°30'E.
According to the 2007 population and housing census,
Amhara region has a population of 17,214,056, with an
annual growth rate 2.9 between 1994 and 2007. It is
bounded by the Afar, Benishangul, Oromiya and Tigray
regions in the east, south-west, south and north,
respectively, and by Sudan in the west. The total area of the
region is estimated at 170,152 km2, which is about onesixth of the country's total area (BoA 1997). The region
ranges from 600 meters above sea level (m asl.) at Metema,
to 4520 m asl. at Ras Dashen, which is also Ethiopia's
highest point. The wide range of altitude is a major factor

Oromiya National Regional State (ONRS)
Oromiya is one of the biggest Regions of Ethiopia;
Covering 363,136 km2 stretching from the western border
in an arc to the southwestern corner of the country,
accounting for about 34.3% of the total area of the country.
Geographically, the Region extends from 3o24'20"10o23'26"N latitudes and 34o07'37"-42o58'51"E longitudes.
According to the 2007 population and housing census,
Oromiya region has a population of 27,158,471, with an
annual growth rate 2.9 between 1994 and 2007. The
topography and climate of the region are characterized by
high plateau and very limited lowland areas. The altitude of
the region ranges from below 500 m asl. at the rift valley to
4377 m asl. at mountain Tullu Dimtu. The region
experiences an annual temperature ranging from 10°C to
30°C, with mean annual temperature of 19°C (Ahmed
Hussein 2011).
Sampling techniques and sample size
Study sites were selected purposely based on the level
of scale-up of the climate-smart push-pull technology since
Brachiaria grass is not yet well known as a forage grass to
farmers in Ethiopia. The study employed a multistage
sampling method where the regions, zones, and districts
were purposively sampled from each agro-ecological
classification. The household heads were selected with
assistance from respective areas frontline extension staff
working in the villages. A total of 280 respondents were
selected for this study of which 120 were from Amhara
NRS and 160 were from Oromiya NRS.

Data analysis
The collected data was properly sorted, coded and
analyzed to interpret the result. Descriptive statistics, mean
comparisons, and percentage values and tabular
presentation were used to characterize farmer’s perceptions
and utilization status of Brachiaria grass, employing SPSS
v.16 computer software.
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Figure 1. Map showing study regions and districts in Amhara and Oromiya regions of Ethiopia

RESULTS AND DISCUSSION
Socioeconomic characteristics of respondents
As presented in Table 1, the majority of respondents
were male-headed households for in both Oromiya and
Amhara Regional States study areas. In all regions and
agro-ecologies, about 43-51.7% of respondents were with
the productive age (41-50 years) category followed by 3140 years old groups. This result is in agreement with the
result of 44.9 years reported as an average household head
age of farming community in Burie Zuria District of
northwestern Ethiopia (Belay et al. 2016).
The overall educational level of respondents indicated
that majority of respondents in the lowlands of both regions
(52.8% in Oromiya and 54.1% in Amhara) were unable to
read and write and this percentage was higher than the
figures recorded for Midland and Highland locations of
both regions. Higher percentage of literate class promotes
acceptance of new technologies. On the contrary, low
education level of the households can have a negative
influence on the transfer of agricultural technologies and
their participation in development (Mulugeta 2005).

Family size and land holding of respondents
The average family size of the surveyed households in
Oromiya and Amhara regions was 6.93±0.16 and
6.16±0.16 respectively (Table 2). The result was lower than
9.92 persons per household reported for Adami-Tullu
Jiddo-Kombolcha district (Dawit et al. 2013), but higher
than the national average of 4.9 persons per household
reported for rural areas of Ethiopia (Tegene et al. 2015).
The average land holding per household in lowland,
midland and highland were 2.95±2.57, 2.16±1.61 and
1.73±1.38 ha in Oromiya and 1.20±0.98, 1.10±1.19 and
1.08±0.59 ha in Amhara regions, respectively which
included land available for crop production, pasture
production, forest, fallow land, and garden. Land holding
per household in the Oromia region was higher than the
national average of 1.6 ha reported by Urgecha (2012) for
Ethiopia whereas it was lower than the national average in
Amhara region. There are significant differences
statistically between Oromiya and Amhara regions at 0.05
level of significant in family size and Landholding, except
fallow land holding.
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Livestock holding
The average livestock holding of respondents, in
Tropical Livestock Unit (TLU) per household, is presented
in Table 3. The result shows that cattle are the dominant
livestock species reared in the study areas. This may be due
to the high demand for cattle for cultivation and other farm
activities in the areas. When the regions are compared,
there is significant variation with regard to cattle The
overall mean livestock holding per household in the present

study was lower than results of Guyo and Tamir (2014)
reported for Burji and Segen Zuria districts, but,
comparable to the results of Demeke et al. (2017) reported
for North Achefer District, Ethiopia. Statistically, there are
significant differences between Oromiya and Amhara
regions at 0.05 level of confidence in cattle and poultry
production, but there is no significant difference in sheep,
goat, donkey, and mules between the regions.

Table 1. Socioeconomic characteristics of respondents by region and agro-ecology
Highland
(N=49)

Oromiya
Midland
(N=58)

Lowland
(N=53)

Highland
(N=30)

Amhara
Midland
(N=53)

Lowland
(N=37)

Percentages%
Gender
Female
Male

12.2
87.8

15.5
84.5

9.4
90.6

26.7
73.3

22.6
77.4

16.2
83.8

Age of respondents
18-30 years old
31-40 years old
41-50 years old
51- 60 years old
More than 60

12.2
18.4
40.8
14.3
14.3

1.7
17.2
51.7
20.7
8.6

5.7
20.8
43.4
17.0
13.2

6.7
23.3
43.3
16.7
10.0

7.5
28.3
43.4
20.8
-

10.8
35.1
43.2
10.8
-

24.5
42.9
22.4

13.8
27.6
44.8

52.8
18.9
9.4

23.3
50.0
20.0

28.3
18.9
43.4

54.1
27.0
13.5

8.2
2.0

12.1
1.7

11.3
7.5

6.7
-

7.5
1.9

5.4
-

Variables

Education level of the respondents
Cannot read and write
Can read and write
Elementary and Junior secondary
school (1-8)
High school (grade 9-10)
Preparatory (grade 11-12)

Table 2. Details of families’ size and land holding
Oromiya
Amhara
Overall
Highland Midland Lowland
Highland
Midland Lowland
Parameter
Oromiya
Amhara
(N=49)
(N=58)
(N=53)
(N=30)
(N=53)
(N=37)
Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE
Family size
7.10±2.36 6.78±2.04 6.92±1.82 6.87±1.87 5.92±1.79 5.92±1.62 6.93±0.16 6.16±0.16
Landholding (ha)
1.73±1.38 2.16±1.61 2.95±2.57 1.08±0.59 1.10±1.19 1.20±0.98 2.29±0.15 1.12±0.09
Crop production
1.35±1.10 1.68±1.09 2.32±2.17 0.84±0.51 0.83±0.81 0.79±0.81 1.79±0.12 0.88±0.07
Pasture production
0.27±0.18 0.27±0.25 0.32±0.25 0.10±0.08 0.15±0.17 0.13±0.17 0.29±0.02 0.13±0.01
Forest
0.17±0.10 0.34±0.29 0.22±0.08 0.13±0.08 0.18±0.21 0.11±0.06 0.24±002 0.14±0.019
Fallow land
0.11±0.07 0.18±0.09 0.31±0.27
0.13±0.38±0.22
0.50±0.23±0.03 0.35±0. 09
Garden
0.21±0.10 0.20±0.25 0.30±0.26 0.10±0.13 0.13±0.11 0.16±0.14 0.23±0.03 0.12±0.01
Note: N = Number of respondents interviewed, Significant at 0.05 levels between the regions

Sig
.001
.000
.000
.000
.002
.226
.002

Table 3. Livestock (TLU) and poultry holding (Mean±SE) of respondents by region and agro-ecology
Oromiya
Highland
Midland
Lowland
Parameter
(N=49)
(N=58)
(N=53)
Mean±SE Mean±SE Mean±SE
Cattle
5.86±3.65
5.81±7.10
5.39±4.36
Sheep
0.30±1.49
0.24±1.12
0.33±1.62
Goat
0.32±1.72
0.28±1.37
0.34±1.69
Donkey
0.57±0.38
0.81±0.88
0.80±0.73
Mules
0.80±0.00
0.80±0.00
0.80±0.00
Poultry
0.10±9.01
0.11±7.23
0.11±8.98
Note: N = Number of respondents interviewed

Highland
(N=30)
Mean±SE
3.71±3.88
0.36±1.57
0.46±4.22
0.5±0.00
0.10±6.54

Amhara
Midland
(N=53)
Mean±SE
2.73±1.54
0.29±0.99
0.41±2.57
0.60±0.45
3.20±0.07±5.15

Overall
Lowland
(N=37)
Mean±SE
4.80±4.69
0.36±2.35
0.41±2.54
0.65±0.826
0.80±0.00
0.07±4.40

Oromiya

Amhara

Sig

Mean±SE
5.69±0.42
0.29±0. 15
0.31±0.17
0.77±0.10
0.80±0.00
0.11±0.68

Mean±SE
3.58±0.28
0.33±0.26
0.42±0. 51
0.58±0.10
1.40±0.75
0.08±0.57

.000
.070
.009
.013
.030
.004
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Purpose of keeping animals
The purposes of livestock keeping by the households in
the present study are shown in Table 4. Majority of the
respondents (of both regions) in the present study ranked
traction as the 1st major purpose of keeping cattle, in all
agro-ecological zones. Sale of products was ranked as the
2nd major purpose of keeping animals in all agro-ecological
zones of both regions, except the midland of Amhara
region where it was ranked 3rd.
Crop and livestock production system
The agricultural farming system in the study area was
characterized by dominance of crop-livestock production
system (Table 5). However, the degree of interdependence
of crops and livestock and the priority given by farmers
varies in the study areas. Except in midland of Amhara
region (90.6%), in all other agro-ecologies of Oromiya and
Amhara, crop-livestock production is practiced by all
farmers (100%). Mixed crop and livestock production
system was ranked 1st in highland and lowland of both
Oromiya and Amhara regions in Ethiopia, the vast majority
of rural people comprising 85% of the total population
depend on animal power for cultivation, weeding, threshing
and transportation (Birara and Zemen 2016). According to
the same authors similarly, livestock by-products play a
significant role in maintaining soil fertility, increases soil
organic matter and improves soil texture. However, crop
production system was ranked 1st in the midland of both
regions.
Cultivated improved forages in the study area
Brachiaria, Desmodium, Rhodes grass (Chloris
gayana), Elephant grass (Pennisetum purpureum), Desho
grass (Pennisetum pedicellatum Trin), and Sesbania sesban
were the major improved forages being used as livestock
feed resources in the study area. Brachiaria grass followed
by Desmodium was the dominant forages in all the three
agro-ecologies of both regions. Besides, Sesbania sesban,
Lablab purpureus (Lablab), Leucaena leucocephala,
Cajanus cajan (Pigeon pea), vetch and Oats were observed
by the researchers to be cultivated in the study area. The
finding is in agreement with earlier reports by Gizachew
and Mergia (2012).
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Constraints of improved forage expansion
The major constraints for improved forage cultivation
in the present study are shown in Table 6.
In all study areas, there were no adequate grazing
resources for animals. The majority of the respondents
ranked land shortage as the 1st major constraint. Free
grazing ranked as the 2nd main constraint in midland and
highland of both regions, while in lowland free grazing
ranked as 3rd (43.4%) in Oromiya and 3rd and 4th equally
(29.7%) in Amhara region. Lack of and high cost of
planting materials (forage seeds and/or cuttings) ranked as
the 3rd main constraint in all agro-ecologies except in
lowland of Oromiya region, whereas lack of awareness was
ranked 4th in all agro-ecologies of Amhara region, while in
Table 4. Major purpose of keeping animals by region and agroecology
Oromiya
Amhara
Parameter Highland Midland Lowland Highland Midland Lowland
(N=49) (N=58) (N=53) (N=30) (N=53) (N=37)
For traction
1st
81.6
2nd
14.3
3rd
2.0
4th
2.0

55.2
20.7
15.5
8.6

62.3
32.1
5.7
-

93.3
3.3
3.3

73.6
18.9
3.8
3.8

62.2
21.6
5.4
10.8

Sale of products
1st
2nd
51.0
3rd
10.2
4th
38.8

29.3
43.1
10.3
17.2

28.3
37.7
7.5
26.4

6.7
36.7
20.0
36.7

20.8
32.1
35.8
11.3

24.3
45.9
16.2
13.5

Sale of live animals
1st
1.7
2nd
12.2
12.1
3rd
57.1
62.1
4th
30.6
24.1

13.2
58.5
28.3

36.7
43.3
20.0

3.8
32.1
47.2
17.0

10.8
18.9
51.4
18.9

Home consumption (for egg, meat and milk production)
1st
18.4
10.3
9.4
1.9
5.4
2nd
22.4
31.0
26.4
26.7
18.9
13.5
3rd
30.6
15.5
26.4
36.7
15.1
24.3
4th
28.6
43.1
37.7
36.7
64.2
56.8
Note: N = number of respondents interviewed

Table 5. Farming system practiced by region and agro-ecology
Highland
(N=49)

Midland
(N=58)

Lowland
(N=53)

Highland
(N=30)

Midland
(N=53)

Lowland
(N=37)

100.0
-

100.0
-

100.0
-

100.0
-

90.6
1.9
7.5

100.0
-

Agricultural activity contributes most to
Crop production
34.7
Livestock production
2.0
Mixed crop and livestock
63.3

58.6
5.2
36.2

37.7
62.3

40.0
60.0

49.1
13.2
37.7

35.1
2.7
62.2

Parameter

Major agricultural activities
Crop-livestock production
Crop production only
Livestock production only

Note: N = number of respondents interviewed
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Table 6. Major constraints for improved forage production in the
study area
Oromia
Amhara
Parameter Highland Midland Lowland Highland Midland Lowland
(N=49) (N=58) (N=53) (N=30) (N=53) (N=37)

Do you have adequate grazing resources for your animals?
Yes
12.2
17.2
13.2
20.0
11.3
5.4
No
87.8
82.8
86.8
80.0
88.7
94.6
Land shortage
1st
71.4
2nd
16.3
3rd
12.2
4th
5th
6th
-

70.7
22.4
3.4
3.4
-

69.8
24.5
3.8
1.9
-

80.0
13.3
6.7
-

79.2
13.2
7.5
-

62.2
21.6
10.8
5.4
-

Free grazing
1st
16.3
2nd
63.3
16.3
3rd
4th
2.0
5th
2.0
6th
-

29.3
53.4
10.3
6.9
-

3.8
20.8
43.4
11.3
3.8
17.0

20.0
70.0
3.3
3.3
3.3
-

22.6
67.9
9.4
-

16.2
29.7
29.7
5.4
8.1
10.8

Lack and high cost of planting material
1st
5.7
2nd
10.2
6.9
13.2
6.7
49.0
44.8
9.4
63.3
3rd
4th
20.4
34.5
43.4
20.0
5th
16.3
6.9
15.1
6.7
6th
4.1
6.9
13.2
3.3

13.2
64.2
18.9
3.8

5.4
27.0
35.1
24.3
5.4
2.7

Lack of awareness
1st
14.3
2nd
4.1
10.2
3rd
4th
26.5
5th
18.4
6th
26.5

6.9
15.5
15.5
32.8
29.3

9.4
20.8
39.6
30.2

13.3
36.7
16.7
33.3

7.5
47.2
32.1
13.2

2.7
8.1
35.1
29.7
24.3

Drought
1st
2nd
3rd
4th
5th
6th

6.9
19.0
37.9
17.2
19.0

20.8
41.5
24.5
9.4
3.8
-

6.7
6.7
13.3
50.0
23.3

5.7
22.6
43.4
28.3

16.2
18.9
18.9
8.1
27.0
10.8

Poor extension service
1st
2nd
3.4
8.2
6.9
9.4
10.0
3rd
4th
30.6
8.6
13.2
26.7
5th
24.5
37.9
37.7
23.3
6th
36.7
43.1
39.6
40.0
Note: N = number of respondents interviewed

3.8
5.7
11.3
24.5
54.7

21.6
29.7
48.6

2.0
8.2
18.4
40.8
30.6

the lowland (39.6%) and midland (32.8) ranked as 5th and
in the highland of Oromiya region (26.5%) was ranked in
4th and 6th equally. Drought was ranked 5th as the major
constraint in all agro-ecologies (27.0% lowland, 43.4%
midland and 50.0% highland) of Amhara regions and

highland (40.8%) of Oromiya regions while it was ranked
2nd and 4th in the lowland (41.5%) and midland (37.9%) of
Oromiya region respectively. On the other hand, poor
extension service was ranked 6th in all agro-ecologies of
both regions. Overall, land shortage, free grazing, lack and
high cost of planting materials, lack of awareness, drought,
and poor extension service were ranked 1st, 2nd, 3rd, 4th, 5th
and 6th respectively by the respondents as the constraints
for improved forages cultivation. The finding agrees on
low forage adoption as a result of factors such as shortage
of land, lack and high cost of planting materials, lack and
unadoptable forage technologies, poor extension services,
reluctance of most smallholder farmers and size of
livestock ownership and farm size (Beshir 2014).
Feed shortage and mitigation strategies
The feed shortage mitigation strategies of respondents
in the study area are shown in Table 7. More than 90% of
the respondents face feed shortage for their livestock. In
highland of both regions and lowland of Amhara, all
respondents (100%) experience feed shortage. The shortage
is felt mainly during the period of long dry season
(February-May). Quantitative and qualitative shortage of
forages is widespread in sub-Saharan Africa, especially
during the dry seasons (Djikeng et al. 2014; Njarui et al.
2016).
On the other hand, in the midland of Amhara region,
45.3% felt shortage mainly during long rainy season (JuneAugust), whereas in the lowland agrological zone of
Oromiya and Amhara regions, 30.2% and 24.3%
respectively faced scarcity during short rainy season
(September-November). Different agro-ecologies used
different strategies to mitigate the scarcity of livestock
feeds. In lowland of both Oromiya and Amhara regions and
also highland of Amhara, purchasing of feeds was the main
solution for feed scarcity, whereas reduction of livestock
was the major method in the highland of Oromiya. In
midland of Oromiya and Amhara use of crop residues and
fodders was the major mitigation measure. Few numbers of
respondents also responded more than one.
Methods Bracheria grass production
A Brachiaria grass production strategy of respondents
is shown in Table 8. Knowledge about the Brachiaria grass
cultivars used was relatively more in Oromiya region than
in Amhara. All respondents in the Oromiya and highland of
Amhara region used only mullato II hybrid cultivar of
Brachiaria grass because 100.0% of the respondents were
obtaining planting material and training from ICIPE (Table
12), whereas in lowland and midland of Amhara region,
both mullato II and decumbens cultivars were grown. This
may be due to the training and planting material provided
by different organizations (ICIPE, LIVES Project, Wollo
University and MoANR) as animal feed, push-pull
technology, soil conservation and to earn money. The
planting materials used in the study area were both seeds
and seedlings (tiller); however, use of seed alone as
planting material is higher (51.8% average) than use of
seedling (tiller) alone (2.9% average). This may be because
cultivation by vegetative material is labor intensive and is
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more expensive than by seed, which can easily be
mechanized (Maass et al. 2015). Furthermore, it indicates
that use of Brachiaria (Mulato II) grass by farmers in
Ethiopia is at infant stage as push-pull has progressed
tremendously in Ethiopia since its introduction in the
country five years ago (ICIPE 2017).
Planting and harvesting seasons of Brachiaria grass
Majority of the respondents in lowland, midland and
highland areas of Oromiya and Amhara use the long rainy
season, mainly from June to August to plant and effectively
grow Brachiaria, although very few respondents
experienced in planting Brachiaria during long dry season
and short rainy seasons (Table 9). The higher number of
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respondents in Oromiya planting Brachiaria during the
long rainy season than in Amhara was mainly due to the
objective of ICIPE distributing Brachiaria grass in
Oromiya as a trap plant of stem borer during sorghum
growing season , but in Amhara region in addition to ICIPE
(push-pull technology) the grass was disseminated by
different organization like LIVES Project and Wollo
University as animal feed, earn money and soil
conservation without integrated to push-pull technology
(Table 12), so that farmers plant any time when they
obtained the planting materials. Majority of the respondents
in both region mentioned that they were harvest Brachiaria
grass as feed for their livestock during short rainy season
(September-November) after four months.

Table 7. Feed shortage mitigation strategies of respondents by agro-ecological zones (%) and mean of the regions
Parameter

Oromiya
Amhara
Overall
Highland Midland Lowland Highland Midland Lowland
(N=49) (N=58) (N=53) (N=30) (N=53) (N=37) (N=280)

Livestock feed shortage experience (%)
Yes
No

100.0
-

91.4
8.6

98.1
1.9

100.0
-

90.6
9.4

100.0
-

96.1
3.9

Season when feed shortage happened (%)
Short rainy season (September-November)
Long rainy season (June-August)
Short dry season (December-January)
Long dry season (February-May)

6.1
2.0
91.8

3.4
87.9

30.2
67.9

10.0
90.0

1.9
45.3
1.9
41.5

24.3
5.4
70.3

7.4
13.8
1.9
77.0

Measure taken to alleviate problems of feed shortages (%)
Purchasing feeds
Use of crop residues and fodders
Purchasing feed and use of crop residue
Reducing the number of stock

6.1
16.3
18.4
59.2

39.7
46.6
5.2

52.8
39.6
3.8
1.9

53.3
30.0
10.0
6.7

11.3
49.1
20.8
9.4

62.2
27.0
8.1
2.7

36.8
37.5
10.4
15.2

Note: N = number of respondents interviewed

Table 8. Methods and place of planting Brachiaria by region and agro-ecology

Parameter

Oromiya
Amhara
Overall
Highland Midland Lowland Highland Midland Lowland
(N=49) (N=58) (N=53) (N=30) (N=53) (N=37) (N=280)

Appropriate place of planting Brachiaria
Backyard
In the border of push-pull technology of maize fields
Backyard and on the border of push-pull technology
In the border of push-pull, soil bund, roadside and stock exclusion

12.2
53.1
34.7

6.9
63.8
29.3

73.6
26.4

10.0
53.3
10.0
26.7

28.3
20.8
50.9

8.1
37.8
54.1

11.1
51.1
1.1
36.8

Methods of planting Brachiaria
Used seed
Used seedling (tiller)
Used seed and seedling (tiller)

34.7
2.0
63.3

74.1
25.9

49.1
3.8
47.2

50.0
3.3
46.7

52.8
7.5
39.6

43.2
56.8

51.8
2.9
45.4

Farmers response for the awareness of Brachiaria they use
Yes
No

93.9
6.1

93.1
6.9

100.0
-

66.7
33.3

39.6
60.4

54.1
45.9

76.4
23.6

The local name given for Brachiaria
Mullato II
Decumbens

100.0
-

100.0
-

100.0
-

100.0
-

52.4
47.6

90.0
10.0

94.4
5.6

Note: N = number of respondents interviewed
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of Brachiaria grass (Table 10). However, fertilizer
application experience was very limited (about 25%) in
Amhara region which might be due to the high cost of
fertilizer, poor awareness and the belief that the soil is
fertile enough for the growth of forages. Almost all of the
respondents in Oromiya and very few in Amhara had
practiced weeding. Use of irrigation was also better in
Oromiya than Amhara region. In general, there was a better
managing practice in planting and growing of Brachiaria
grass in Oromiya region than Amhara region, probably due
to intensive training and high supervision given by ICIPE
and also good extension service of the region.

Management practice of Brachiaria grass in the study
area
Management practice of Brachiaria such as applying
fertilizer, weeding, and use of irrigation during dry
condition was common in Oromiya than Amhara region. It
is well known that land preparation, weeding, and fertilizer
application during forage establishment and development
are important to have good stand and to produce quality
forage.
Regardless of the deference in agro-ecology, majority
of the respondents in Oromiya region reported that they
practiced fertilizer application during planting and growing

Table 9. Planting and harvesting seasons of Brachiaria by region and agro-ecology
Parameter
Planting seasons (%)
Short rainy season (September-November)
Long rainy season (June-August)
Long dry season (Feb-April)
Harvesting seasons (%)
Short rainy season (September-November)
Long rainy season (Jun-August)
Short dry season (December-Januaryuary)
Long dry son (February- April)
All year round except Jan. to March
Note: N = number of respondents interviewed

Highland
(N=49)

Oromiya
Midland
(N=58)

Lowland
(N=53)

Highland
(N=30)

Amhara
Midland
(N=53)

Lowland
(N=37)

(N=280)

8.2
91.8
-

98.3
1.7

100.0
-

73.3
26.7

83.0
17.0

94.6
5.4

1.4
91.4
7.1

34.7
12.2
34.7
18.4
-

93.1
5.2

73.6

86.7
6.7
6.7
-

79.2
13.2
7.5
-

83.8
13.5
2.7
-

74.6
8.2
11.4
3.6
2.1

1.7
-

15.1
11.3

Overall

Table 10. Management practice of Brachiaria

Highland
(N=49)

Oromiya
Midland
(N=58)

Lowland
(N=53)

Highland
(N=30)

Amhara
Midland
(N=53)

Lowland
(N=37)

24.5
75.5

20.7
79.3

13.2
86.8

10.0
90.0

9.4
90.6

5.4
94.6

Feasibility and economical status of irrigation (%)
Yes
8.3
No
66.7
I do not know
25.0

90.9
9.1
-

75.0
25.0
-

33.3
33.3
33.3

100.0
-

100.0
-

Fertilizer application practice for Brachiaria production (%)
Yes
100.0
No
-

79.3
20.7

94.3
5.7

40.0
60.0

9.4
90.6

27.0
73.0

Type of fertilizer applied (%)
Artificial fertilizer
Manure
both artificial and manure

75.5
24.5

38.3
21.3
40.4

20.0
20.0
60.0

91.7
8.3

50.0
50.0

30.0
70.0

Weeding practice (%)
Yes
No
Note: N = number of respondents interviewed

98.0
2.0

98.3
1.7

100.0
-

26.7
73.3

5.7
94.3

27.0
73.0

Parameter
Irrigation practice for Brachiaria production
Yes
No
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Uses and production problems of Brachiaria grass in
the study areas
The study revealed that Brachiaria grass is a
multipurpose grass in the study area, used for various
purposes such as source of animal feed, trap plant in pushpull technology, to earn money and also for soil
conservation. The majority of the respondents of Oromiya
(95.6%) and Amhara (85.8%) mentioned that Brachiaria
has special advantages over other types of grasses they
know. The advantages of Brachiaria grass as mentioned by
respondents are: useful as a trap of stem borer, having high
biomass, increased milk yield, high palatability,
evergreens, it is a source of income and soil conservation.
Several authors have previously reported that grasses in
the genus Brachiaria have advantages over those in other
genera, including adaptation to infertile acidic soils and
production of high dry matter yield (Rodrigues et al. 2014);
reduced greenhouse gas emission (Peters et al. 2012) and
contribution to carbon sequestration (Djikeng et al. 2014).
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Several authors have also reported that Mulato II cultivar
shows high DMY production (Nguku et al. 2016); has
excellent herbage production performance and benefits to
livestock productivity (Peters et al. 2012; Ondabu et al.
2017). In addition, the advantages of using the Brachiaria
genus in the integrated systems is that the species produce
abundant roots which contribute to the collection of water,
soil aggregation and aeration (Kluthcouski et al. 2004).
They have also shown 15 to 40% increase in milk
production in Kenya (Ghimire et al. 2015).
This study has revealed that Brachiaria can grow in a
wide range of environmental conditions, ranging from
lowland to highland. Maass et al. (2015) also stated that
Brachiaria species are probably the most widely grown
forage grass species in the tropics. It is a perennial grass
native to East and Central Africa which is widely grown in
South America to sustain the dairy and beef industries
(FAO 2015).

Table 11. Utilization of Brachiaria grass by farmers

Highland
(N=49)

Oromiya
Midland
(N=58)

Lowland
(N=53)

Highland
(N=30)

Amhara
Midland
(N=53)

Lowland
(N=37)

18.4
-

24.1
-

1.9
-

13.3
26.7

13.2
3.8
15.1

10.8
24.3
-

81.6

75.9

98.1

60.0

67.9

64.9

Does Brachiaria have special advantages over other types of grass you know?
Yes
93.9
94.8
No
2.0
1.7
I do not know
4.1
3.4

98.1
1.9

83.3
13.3
3.3

79.2
11.3
9.4

97.3
2.7
-

Parameter
Purpose use Brachiaria primarily
Source of animal feeds
Stem borer control as a trap plant in push-pull technology
As animal feed, earn money and soil conservation
Source of animal feed, as trap plant in push-pull
technology, to earn money and soil conservation

If yes, what are the advantages of Brachiaria?
As a trap of stem borer
Have high biomass, increase milk yield, palatable and
evergreen
As a trap, income and soil conservation
Do you face any problem in Brachiaria production?
Yes
No
If yes, what problems you faced in Brachiaria production
Late and poor germination
Free grazing, thief and the grass visited by wild animals
The seed does not stay long period on mother plant and not
matured uniformly
Seed eaten by birds
Difficulty of weed control at early stage of growth

69.6

20.0

15.4

36.0

4.8

19.4

21.7

52.7

36.5

40.0

54.8

55.6

8.7

27.3

48.1

24.0

40.5

25.0

83.7
16.3

51.7
48.3

64.2
35.8

46.7
53.3

18.9
81.1

35.1
64.9

26.8
12.2

60.0
30.0

35.3
32.4

64.3
-

30.0
40.0

69.2
7.7

2.4

3.3

26.5

7.1

10.0

-

20.0

23.1
-

24.4
34.1

6.7

5.9

14.3
14.3

Do you face any problem in Brachiaria utilization?
Yes
No

8.2
91.8

100.0

100.0

26.7
73.3

1.9
98.1

10.8
89.2

If yes, what utilization problem do you face?
Attached to our cloth during collection and feeding

100.0

-

-

100.0

100.0

100.0
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Table 12. Trainers and type of training offered
Parameter

Highland
(N=49)

Oromiya
Midland
(N=58)

Training taken on Brachiaria production and utilization (%)
Yes
98.0
100.0
No
2.0
Topics or areas of the training (%)
Use of Brachiaria for animal feed, to
earn money and soil conservation
For push-pull technology
how to plant and manage the grass as a
trap of stem borer, animal feed, soil
conservation and income generation
Source of training (%)
ICIPE
LIVES Project and MoANR
Wollo University and MoANR
MoANR

Lowland
(N=53)

Highland
(N=30)

Amhara
Midland
(N=53)

Lowland
(N=37)

98.1
1.9

90.0
10.0

75.5
24.5

78.4
21.6

90.7
9.3

3.7

42.5

3.4

11.0

Overall
(N=280)

2.1

13.8

66.7

50.0

73.1

55.6

12.5

20.7

49.2

31.2

36.2

26.9

40.7

45.0

75.9

39.8

100.0
-

100.0
-

100.0
-

100.0

10.0
25.0
50.0
15.0

65.5
17.2
3.4
13.8

81.9
5.9
8.3
3.9

86.7
13.3

96.2
3.8

83.8
16.2

92.5
7.5

Extra (further) training demand (%)
Yes
91.8
No
8.2
Note: N = number of respondents interviewed

94.8
5.2

On the problems associated with production and
utilization of Brachiaria grass, as experienced by the
farmers in the study area, are also presented in Table 11.
Some of the major problems mentioned by the respondents
are: late and poor germination, free grazing, theft, wild
animals, birds, lodging, seeds not staying on mother plants,
seeds do not mature uniformly and difficulty of weed
control at early stages of growth.. Some also claimed that
they faced difficulty in collection of grass and very few
respondents opined that they attached to their cloth during
collection and feeding of animals.
Extension service in the study areas
About 99 and 81% of respondents in Oromiya and
Amhara region, respectively regardless of the difference in
agro-ecology have received training. The training given in
both regions pertains to how to plant and manage the grass
as a trap of stem borer, animal feed, for soil conservation
and income generation. Push-pull technology was the main
focus of training in Oromiya region. All farmers (100.0%)
of Oromiya region and of highland of Amhara region
obtained planting material of Brachiaria (Mullato II) grass
from ICIPE. Majority of the respondents in lowland of
Amhara region (65.5%) also obtained material from ICIPE
whereas 50.0% of midland farmers obtained from Wollo
University and MoANR (Table 12).
In conclusion, the study revealed that Brachiaria grass
is a multipurpose grass which can be used as a source of
animal feed, as a trap plant in push-pull technology, to earn
money and for soil conservation strategies in both regions

96.2
3.8

of the country. The grass has been well perceived by
respondents that it has comparative advantages over other
forages they know in terms of its push-pull importance,
producing high biomass yield, better feed value and being
green during dry season. Moreover, the grass has been
valued as important forage in terms of soil water
conservation and land rehabilitation. However, the grass
was not highly expanded under farmers condition
particularly in Amhara regions which were due to lack of
awareness, planting material, and poor extension services.
Therefore, awareness creation, intensive training, and
provision of planting material are mandatory to motivate
the expansion of the multipurpose climate-smart
Brachiaria grass in the country.
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Abstract. Apriadi T, Pratama G, Putra RD, Jumsurizal, Jaya YV, Firdaus M, Arpas HD, Suryanti A. 2018. Comparative study on the
fish diversity from natural and bauxite post-mining in wetland system of Bintan Island, Indonesia. Biodiversitas 19: 967-973. In this
study, the fish populations between two different wetland systems in Bintan Island, Indonesia, i.e., bauxite post-mining (Kijang) and
natural wetland (Toapaya) were compared and to propose a newly index namely Environomic of Fishes Index (EFI) to their respective
ecosystems. The purposive random sampling at six stations, each of three stations representing bauxite mining (Kijang) and three
stations representing a natural wetland (Toapaya) were used in this research. The numbers of fish species and the abundance were
enumerated. The new index derived from the value of diversity index (Shannon), similarity index (Evenness), dominance index
(Simpson's), conservation status, and economic value were also evaluated. The natural wetland has higher fish diversity than bauxite
post-mining. The total species found were twenty-four. The same seven species were found in both areas. Twelve species were obtained
from bauxite post-mining, and nineteen species were obtained from natural wetland. Puntius tetrazona and Rasbora heteromorpha were
the common species in area study. The diversity and dominance index was at low category, Evenness index was at high category in all
stations, except in tidal swamp station at bauxite post-mining. The EFI in natural wetland was higher than bauxite post-mining. The
three community index value, economic value, and conservation status of natural wetland were higher than bauxite post-mining.
Keywords: Conservation status, fish diversity, Shannon, Evenness, Simpson's

INTRODUCTION
Inland waters and freshwater biodiversity constitute a
valuable natural resource, in economic, cultural, aesthetic,
scientific and educational terms (Dudgeon et al. 2006). The
economic foundation of a decision for or against the
protection of biodiversity requires the consideration of all
costs and benefits related to it. It is well known that the
main problem of including the range of biodiversity
services in economic choices is, that many of these services
are not valued on markets (Fromm 2000). Under CITES
guidelines, once an endangered species can be bred in
captivity, applications can be made for its trade to be
allowed on a controlled basis, but many freshwater fish
species have been over wild-exploited for the ornamental
fish trade (Ng and Tan 1997) and consumption. Over
10000 fish species live in freshwater (Lundberg et al.
2000), approximately 40% of global fish diversity and onequarter of global vertebrate diversity. The five major threat
categories (over-exploitation, water pollution, flow
modification, habitat degradation, species invasions) and
their established or potential interactive impacts on
freshwater biodiversity (Dudgeon et al. 2006).
Bauxite mining is one of the five major threat
categories. It was decreased over time, but the
environmental damage that occurs is not fully improved

(Parrotta and Knowles 1999). It affects the survival of flora
and fauna found in fresh water for the entire territory of
post-mining. Because vegetation responds differentially to
the level of nutrients available to them and the degree of
anaerobiosis present in the soil, flooding or soil saturation,
it has been recognized as being the primary factor
controlling freshwater wetland plant distribution patterns
(Conner et al. 1981; Parsons and Ware 1982).
Bintan Island was reputed for bauxite mining field
under the concession of national company its monopole,
called PT Aneka Tambang Tbk until 2000. After their
closure, the open land former bauxite mine approximately
1000 ha were revegetated but illegal mining was then
occupied and results in the land degradation.
The wetlands in Bintanwere also influenced by tides
and rainfall due to the distance between river and swamp to
the coast not far away. The allocation of fish in Bintan
follow the distribution pattern adapted to it. Recently, many
species endemic and unique of freshwater fish in Bintan,
discovered by researchers, e.g., Ng and Lim (1993),
Kottelat and Lim (1994), Tan and Tan (1994), Ng and
Kottelat (1994), Ng and Lim (1995), Ng and Tan (1997),
Kottelat and Ng (1998), and Kottelat et al. (2006).
A comparative study of these areas both in terms of
freshwater fish species composition, structure community,
and study of environomic fish were required. The main
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objective this study was to record and compare the fish
populations between two different wetland systems (around
the reservoir, creek, and swamp), by comparing aspects of
area bauxite post-mining
mining (Kijang) and natural (Toapaya)
and study environomic of fishes,
ishes, respectively.
MATERIALS AND METHODS
Study area
The fishes were collected in January 2017 (dry season)
in bauxite post-mining
mining wetland (Kijang, K) and naturally

wetland (Topaya), in Bintan Island, Riau Islands Province
of Indonesia. Sampling has been done five times at each
station. Each location consisted of three stations: (i) around
reservoir, (ii) creek, and (iii)) swamp (tidal swamp in Kijang
and peat swamp in Toapaya) (Figure 1 and Table 1).
Sampling methods
The fishess were collected by hand scoop net (30 cm
length, 25 cm wide, and 3 mm mesh size). PhysicoPhysico
chemical water parameters (pH, DO, temperature, and
salinity) were checked by Multitester Lutron YK 2005 WA
and hand refractometer (APHA 2012).

Figure 1. Sampling locations in two spatially isolated in Bintan Island, Riau Islands Province, Indonesia.
Indonesia ST 1 = around the reservoir,
ST 2 = creek, ST 3 = swamp

Table 1. Sampling coordinate of study site in Bintan Island, Riau Islands Province, Indonesia
Sampling
site
Coordinate
Elevation

Kijang
Around the
reservoir (ST 1)
00.84513˚ N
104.59158˚ E
26

Creek (ST 2)
00.85218
00.85218˚ N
104.56399
104.56399˚ E
12

Toapaya
Tidal swamp
(ST 3)
00.84739˚ N
104.55233˚ E
7

Around the
reservoir (ST 1)
00.97695˚ N
104.56168 ˚E
8

Creek (ST 2)
00.99386 N
00.99386˚
104.52690 ˚E
13

Peat swamp
(ST 3)
01.00416˚ N
104.51522˚E
-4
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Data analysis
All fishes caught were identified using standard
taxonomic keys following Kotellat et al. (1993) and Tan
and Tan (1994). The numbers of fish species and the
number of individuals in each species were enumerated.
Three community indexes were used to determine fish
community structure, i.e. species diversity Shannon-Wiener
(H'), species Evenness (E), and species dominance (C)
(Krebs 1999).
H' is determined by using the formula:

Table 2. Scoring for all categories in each index
Index

5
4
3
2
1

Evenness Index

0.81-1.00
0.61-0.80
0.41-0.60
0.21-0.40
0.00-0.20

5
4
3
2
1

Dominance Index

0.81-1.00
0.61-0.80
0.41-0.60
0.21-0.40
0.00-0.20

1
2
3
4
5

Economic Value Index

Very expensive
Expensive
Moderate
Common
Non-economic

5
4
3
2
1

Conservation Status
Index

Extinct (EX)
Extinct in the Wild (EW)
Critically Endangered (CR)
Endangered (EN)
Vulnerable (VU)
Near Threatened (NT)
Least Concern (LC)
Data Deficient (DD)
Not Evaluated (NE)

i=1

H′
H max

Where: E = species Evenness, H' = Index diversity
Shannon-Wiener, H max = Index diversity maximum (ln
S), S = number of species, and C is determined by using the
formula:
ni
C = Σ[ ]²
N
Where: C = Index dominance Simpson, ni = number of
individuals of each species, N = number of individuals of
all species.
Enviromic Fish Index (EFI)
This indexing is used to determine the impact of the
presence of fish in the wetland systems for human being.
The parameters used in this indexing were the value of
diversity index (Shannon), similarity index (Evenness),
dominance index (Simpson’s), conservation status, and
economic value. EFI calculation was done by giving a
proportionally score for all categories in each indexing
(Table 2).
The total score on each indexing would be multiplied
by the percentage proportion: Shannon-Wiener index
(20%), Evenness index (20%), Simpson’s index (20%),
Economic Value (20%), and Conservation Status (20%), by
the equation below. Based on the equation, the EFI
categories consisted of five categories (Table 3)

EFI = (

𝑆ℎ𝑎𝑛𝑜𝑛 ∗ 20%) + (

𝐸𝑣𝑒𝑛𝑒𝑠𝑠 ∗ 20%) + (

Score

>6.61
4.21-6.60
2.81-4.20
1.41-2.80
0.00-1.40

H'= ∑ - (Pi ln Pi)

E=

Category

Shannon-Wiener Index

s

Where: H' = index diversity Shannon-Wiener, Pi =
fraction of the entire population made up of species i, S =
numbers of species encountered, ∑ = sum from species 1
to species S, E is determined by using the formula:

969

5
4
3
2
1

Table 3. EFI category
Total score

Y

4.01 - 5.00
3.01 - 4.00
2.01 - 3.00
1.01 - 2.00
0.00 - 1.00

Very high
High
Moderate
Low
Very low

𝑆𝐼𝑚𝑝𝑠𝑜𝑛 ∗ 20%) + (

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 ∗ 20%) + (

𝐶𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑠𝑡𝑎𝑡𝑢𝑠 ∗ 20%)
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RESULTS AND DISCUSSION
The total species found were twenty-four. The same
seven species were found in both areas (Table 4). Twelve
species were obtained from Kijang areas whereas nineteen
species were obtained from Toapaya areas (Table 5). In
both areas, most species were found in around the
reservoir, the number of individuals was caught more than

half of total number of fishes.
Puntius tetrazona has the highest abundance proportion
in Kijang (34%), and Sundasalanx microps was the lowest
(0.5%). In Toapaya, R. heteromorpha has the highest
proportion (23%), and the lowest abundance proportion
were Ompok leiacanthus and Trichogaster trichopterus
(0.2%) (Figure 2).

Table 4. Fish diversity in Kijang and Toapaya in Bintan Island, Riau Islands Province, Indonesia
Kijang
Species

Family

Aplocheilus panchax
Betta edithae
B. pugnax
Boraras maculata
Brachygobius doriae
Channa striata
Hampala macrolepidota
Hemirhamphodon pogonognathus
Luciocephalus pulcher
Macrognathus maculatus
Nandus nebulosus
Nemacheilus selangoricus
Ompok leiacanthus
Oryzias javanicus
Puntius binotatus
P. hexazona
P. tetrazona
Rasbora argyrotaenia
R. einthovenii
R. gracilis
R. heteromorpha
Sundasalanx microps
Trichogaster trichopterus
Trichopsis vittata

Aplochelidae
Osphronemidae
Osphronemidae
Cyprinidae
Gobiidae
Channidae
Cyprinidae
Hemirhamphidae
Osphronemidae
Mastacembelidae
Nandidae
Balitoridae
Siluridae
Adrianichthyidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Sundasalangidae
Osphronemidae
Osphronemidae

Around
reservoir
17

Creek
20
2

Toapaya
Tidal
Swamp
5

10

5

Around
reservoir
2

5

2
1
15

1

30
20
15
10
10
1
3

Creek

Peat
Swamp

15
3
2
2

2
5
11
5
5

50

1

60
20
30
15
50

42
2
8
10
2
2
25
20
5
2
3
30
1
20
15
20
147
45
41
59
111
1
5
3

1

10
2
1

1

15
10
4
12

20
20
35
34
1

3

Number of
individuals

Table 5. The comparative species of Kijang and Toapaya in Bintan Island, Riau Islands Province, Indonesia
Parameter
Species count
Family count
Catch (n)
Common species
Common family (n)
Rare species
Common species in peat swamp
Common species in creek
Common species in around the reservoir
Rare species in tidal swamp
Rare species in creek
Rare species in around the reservoir
Note: n = amount

Kijang
12
7
197
P. tetrazona
Cyprinidae (6)
S. microps
P. tetrazona
A. panchax
O. javanicus
A. panchax
T. trichopterus
S. microps

Toapaya
19
10
422
R. heteromorpha
Cyprinidae (8)
O. leiacanthus
R. gracilis
H. pogonognathus
P. tetrazona
N. nebulosus
O. leiacanthus
C. striata

Table 6. Comparative ecological index
Ecological
index
H'
E
C

Kijang
Around the reservoir
Creek
1.72
2.00
0.89
0.87
0.19
0.17

Tidal Swamp
0.30
0.44
0.83

Toapaya
Around the reservoir
Creek
2.06
1.95
0.83
0.85
0.15
0.17

Peat Swamp
1.69
0.77
0.21
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40%
Toapaya

35%

Kijang

Percentage (%)

30%
25%
20%
15%
10%
5%

Trigonostigma heteromorpha

Trichopsis pitata

Trichogaster trichopterus

Systomus hexazona

Sundasalanx microps

Rasbora gracilis

Rasbora einthovenii

Rasbora argyrotaenia

Puntius tetrazona

Puntius binotatus

Oryzias sp.

Ompok bimaculatus

Nemacheilus selangoricus

Nandus sp.

Macrognathus circumcinctus

Luciocephalus pulcher

Hemirhampodon pogonognathus

Hampala macrolepidota

Channa striata

Brachygobius doriae

Boraras muculata

Betta pugnax

Betta edithae

Aplocheilus panchax

0%

Species

Figure 2. Fish species and percentage (%) recorded at Kijang and Toapaya, Bintan Island, Riau Islands Province, Indonesia

Fish diversity in Bintan was influenced by
environmental condition. Spatial distribution of species
richness related to habitat differences and presence of
microhabitats, substrate composition and water depth
(Gordon et al. 2004). The value of pH and dissolved
oxygen are parameters of water quality as an indicator of
aquatic ecosystem health (Goudey 2003). Most aquatic
biotas are sensitive to changes in pH. Differences in water
quality parameters between Toapaya and Kijang have
determined the diversity of the location (Table 7). Besides,
the types of soil in Bintan were organosol, humic clay,
podzolic, podzolic yellow, and lithosol (Riau Islands
Planning Agency 2003). The physicochemical value of
land former bauxite mine is low when compared to natural
forests or plantation. Soil texture bauxite post-mining was
sandy clay with a ratio of clay, sand, and dust by 50%,
40%, and 10%, respectively. Availability of nutrients Ca,
Mg, Na and K bauxite post-mining were 0.72; 0.31; 0.45
and 0.20 me/100 g (Sembiring 2008). The morphological
areas of both Kijang and Toapaya were different. Soil
texture in Kijang was dominated by sand, clay, and gravel
that has bauxite deposits in large numbers (Sembiring
2008). On the other hand, Toapaya was dominated by soil,
clay, and peat with smaller amounts of bauxite.
The diversity index was at low category in all stations,
both of Kijang and Toapaya. Evenness index was at high
category, except in Kijang tidal swamp (Table 6). Kijang
tidal swamp has high dominance by P. tetrazona. High
dominance in Kijang tidal swamp was indicated ecological
stress by environment parameters (Table 7).
Both of them have lowland and hills, rivers, creeks,
reservoir, and swamps (Riau Islands Planning Agency
2003). However, Kijang is a tidal swamp and which are in

Toapaya is a peat swamp (Table 7). Tidal swamps are
rarely, if ever, subjected to dry conditions, and major
rainstorms seem to have relatively little effect on river
levels or upon water levels within swamps. The tide cycle
(including seasonal and monthly changes in mean tide
heights) seems to be the primary mechanism driving the
hydrologic regime in tidal swamps (Reinhardt and Heshner
1992). The peat swamp forests affected by interdependence
of the vegetation with the peat substrate, which relies on
the maintenance of adequate water, canopy cover and leaf
litter inputs (Yule 2010). Even though both sites are
situated in Bintan, their topographical and hydrological
characteristics are very different (Prentice and Parish
1992).
In advance of recorded freshwater fish in Bintan Island,
which was conducted by Tan and Tan (1994). They have
collected 59 species, but there several species not found,
consisted
by
Brachygobius
doriae,
Hampala
macrolepidota, Oryzias javanicus, P. tetrazona, Rasbora
argyrotaenia, S. microps, and Trichopsis vittata. Species
differences were found because of the different sites. Tan
and Tan (1994) conducted a study in the middle to the
north, while in this study conducted in the central to
southern Bintan.
Genera of Betta and Rasbora were common species in
Bintan Island. The others of species found in Bintan island
were Betta miniopinna (Tan and Tan 1994), B. spilotogena
(Ng and Kottelat 1994), Encheloclarias kelioides (Ng and
Lim 1993), Parosphromenus bintan (Kottelat and Ng
1998), Parakysis longirostris, P. verrucosa (Ng and Lim
1995), R. heteromorpha (Ng and Tan 1997), Paedocypris
progenetica (Kottelat et al. 2006) and Bihunichthys
monopteroides (Kottelat and Lim 1994). Wargasasmita
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(2002) indicated that species of B. miniopinna, B.
spilotogena, and E. kelioides had been threatened species,
based on IUCN status (2001).
Generally, the natural wetland has higher fish diversity
than bauxite post-mining, although there were not
significantly different. Bauxite post-mining could become
ecological stress for the natural freshwater. The ecological
stress, for example, water dynamics, affected by the species
adaptation and dominance (Krebs 1999). Characteristic of
Kijang tidal swamp in bauxite post-mining area that has a
large water dynamics which allegedly led to the dominance
and rare of P. tetrazona and Aplocheilus panchax. This
indicated that P. tetrazona and A. panchax have a high
tolerance to the salinity changes. In the natural condition,
P. tetrazona could grow up to 6 ppt (Abolhasani et al.
2014) and A. panchax in brackish water at low altitudes
(Chandra et al. 2008). This ecological stress suspected
cause of fish diversity decrease and loss native species.
Wargasasmita (2002) reported that 17.3% endemic fish
species in Riau Islands were threatened by anthropogenic.
In Kijang, S. microps was recorded, it was the unique
species, transparent teleosts and can be found in Kapuas
River, Kalimantan Barat, Indonesia, and another from
Khlong Falamee, Isthmus of Kra, southern Thailand
(Roberts 1981), even though in Kijang was areas former
mining. The most popular fish on the market has a P.
tetrazona (tiger barb) and R. heteromorpha (harlequin
rasbora). In this study, they are common species (Table 5)
in both locations, respectively. R. heteromorpha has been
popular in the trade for many decades and it ideal for
community tanks. It was found as well known "ikan
segitiga". Recently, reported by Ng and Tan (1997), during
a major harvest, more than 100,000 pieces can be obtained
within a week.
The environomic study has divided into indirect and
direct value. Ecological (diversity index, similarity index,
and dominance index) and conservation status (IUCN red
list) included indirect value, and economic value included
direct value. These were different from Edwards and
Abviadi (1998), they were discovered by incorporate the
concept of the value of biodiversity (and of other natural
resources such as soil) into our accounting systems. Indeed,
when the full value of a natural ecosystem is quantified, the
results can be quite surprising, especially in the case of
wetlands (Costanza et al. 1989).
According to Ng and Tan (1997), in the fish categories
of economic value can be divided into three categories,
which are bread-and-butter species (category I), wild-

caught species (category II), and very expensive species
(categories III). However, in this study, through the direct
value (price approach) was divided into five categories.
There were very expensive category (more than IDR
100000), expensive category (IDR 51000 to 100000),
moderate (IDR 11000 to 50000), common (less than IDR
10000) and non-economic value (not evaluated value). The
predatory species usually belong to the categories
moderate, expensive, and very expensive, e.g., Channa
striata, Luciocephalus pulcher, Nandus nebulosus, and
genera of Betta. The common species were schooling fish
and the other small fish such as Nemacheilus selangoricus,
Puntius hexazona, P. tetrazona, genera of Rasbora, and
many more. Furthermore, the non-economic species,
consisted of Hemirhamphodon pogonognathus, O.
javanicus, S. microps, and other species not evaluated
value. The present observations and suggestions are based
on many years of working closely with fish catchers,
dealers and exporters in the region, not only on a scientific
but also at the fisheries level (Ng and Tan 1997).
Physico-chemical water parameters were meet to the
water quality standard for fish growth (Table 7). Toapaya
peat swamps had the lowest pH value; this corresponded to
the characteristics of acidic peat swamps. All stations were
freshwater, except tidal swamp in Kijang.
In Kijang was moderate environomic of fishes, whereas
Toapaya was high environomic of fishes. Environomic fish
index in Toapaya was higher than Kijang (Table 8). The
three community index value, economic value, and
conservation status of Toapaya were higher than Kijang.
The environomic study of fishes on Toapaya was higher
than Kijang (Table 8), because of residual deposits mined
were typically formed above this water (Grubb 1963),
affect the existence of the surrounding ecosystem (Parrotta
and Knowles 1999). Therefore, habitat degradation is
brought about by an array of interacting factors and have
resulted in population declines and range reduction of
freshwater biodiversity (Dudgeon et al. 2006). It also
causes the decline livelihood indirectly, so that has
implications for human. In bauxite post-mining areas was
included moderate environomic of fishes, whereas the
natural wetland was included high environomic of fishes
(Table 8). Bauxite residue can be helped neutralization
acids sulfate soil and remove trace metals from solution
(Lin et al. 2002). The difference not due to bauxite deposits
(Menzies et al. 2004), but because of environmental
damage caused by deforestation in bauxite mined lands
((Parrotta and Knowles 1999).

Table 7. Water quality in Kijang and Toapaya, Bintan Island, Riau Islands Province, Indonesia
Water quality
pH
Temperature (˚C)
Salinity (o/oo)
Dissolved Oxygen (mg/L)

Kijang
Around the reservoir
Creek
5.57
32.7
0
5.8

5.46
29.4
0
5.2

Tidal swamp
6.13
33.1
2
4.8

Toapaya
Around the reservoir
Creek
6.88
28.6
0
5.5

6.67
27.5
0
4.4

Peat swamp
4.48
28.8
0
5.3
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Table 8. Environomic fish index
Environomic Fish Index
Shannon-Wiener Index (20%)
Eveness Index (20%)
Simpson's Index (20%)
Economic Value Index (20%)
Conservation Status Index (20%)
Total

Kijang

Toapaya

0.33
0.87
0.73
0.37
0.40
2.70

0.40
0.93
0.93
0.49
0.43
3.19
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Abstract. Authors. 2018. Short Communication: Viability and environmental effect to conidial germination of antagonistic fungi that
potential as biological control of Colletotrichum gloeosporoides caused antracnose disease on chili. Biodiversitas 19: 974-977. Some of
antagonistic fungi from chili rhizosphere were potential to suppress the growth of colletotrichum gloeosporoides in vitro. This present
study was aimed to observe the viability of antagonistic fungi and effect of temperature and ultraviolet light to its conidial germination.
We targeted to obtain the isolate with the best viability and high resistance to temperature and ultraviolet changes. The experiment used
a completely randomized design consisted of nine treatments and four replication. The treatment were nine of antagonistic fungi isolates
from chili rhizosphere that consisted of two genera, Trichoderma and Paecilomyces, each comprised four isolates and unidentified
isolate (X isolate). These four isolates were considered as replication for observation. The observed parameters observe included the
width of colony, density of conidia, germination of conidia, effect of temperature and ultraviolet light changes to conidial germination.
The results showed that antagonistic fungi from the genus Trichoderma had the best viability (the width of colony = 39.68-56.92 cm2,
density of conidia 40.50-57.50 x 109 conidia/mL and germination of conidia > 80%) and highest resistance to temperature and
ultraviolet changes compared with the other fungi used in this study.
Keywords: Antagonistic fungi, conidia, Trichoderma, temperature, ultraviolet light

INTRODUCTION
The anthacnose disease caused by Colletotrichum capsici
and Colletotrichum gloesporoides is one of the important
and disastrous diseases in chili (Montri et al. 2009; Sharma
and Kulshrestha 2015). This pathogen can infect the mature
and immature fruit of pepper that caused the great loss of
production (Robert et al, 2015). The Colletotrichum
pathogen is difficult to control since it is seed-borne
disease and it has high genetic diversity (Than et al. 2008)
Generally, farmers control the anthracnose disease by
using fungicides. However, continue use of fungicides
cause negative impacts on the environment and consumers.
Thus, it is necessary to discover alternative controls to this
pathogen that are environmentally friendly by using fungi
that are antagonistic to pathogens as a biological control.
According to Begum et al. (2008), some fungi and bacteria
derived from soybean seeds have the potential to inhibit the
growth of C. truncatum which causes anthracnose in
soybean. Such isolates with high ability are T virens
isolates UPM 23, T. harzianum isolates UPM 40 and
Pseudomonas aeruginosa isolate 13B8. Ghosh and
Chakraborty (2012) reported that five isolates of T. viride
isolates were able to suppress the growth of C.
gleosporoides fungi that caused anthracnose in Roulvolfia
serpentine plants. Another study by Nurbailis and
Martinius (2014) found that 9 of 52 fungi isolates

originated from chili rhizosphere, potentially inhibited the
growth of C. gloeosporoides that caused anthracnose in
chili. Of the 9 isolates, 4 were Trichoderma, 4 were
Paecilomyces isolates and one unidentified.
Trichoderma are free-living fungi, usually found in soil
and root ecosystems. They are opportunistic, avirulent,
plant symbionts, as well as being parasites to plant
pathogen of fungi (Harman et al. 2004). In an artificial
medium (Potato Dextrosa Agar) Trichoderma grow well
within 3 days as fungal colony that can reach 9 cm
diameter of petri dish (Shahid et al. 2013). Trichoderma
spp. grow best in a temperature range of 25°C to 30°C
(Singh et al. 2014).
Paecilomyces are cosmopolite fungi living in the soil,
rotting plant debris and food product. Liang et al. (2005)
reported that Paecilomyces spp. grow slowly with the
growth rate ranged from 0.6-6.5 cm during 14 days.
Paecilomyces gunnii have even much slower with the
growth was only 2.2-2.8 cm on Czapek medium. Kiewnick
(2006). Paecilomyces lilacinus can grow well with
temperature between 24 and 30°C, but not above 36°C, the
conidia germinated at temperature between 28 and 30°C.
Conidial germination of various antagonistic fungi is
strongly influenced by changes in temperature and
ultraviolet light exposure. According to Poosapati et al.
(2014) conidia of Trichoderma spp from different agro
climatic zone of India reduced their ability to germinate at
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temperature 37°C except for T. asperellum-TaDOR673.
This fungi isolate was highly tolerant at high temperature
52°C, and was still able to produce fairly dense conidial
and higher conidial germination compared to other isolate.
The result of screened in vitro and in vivo indicated T.
asperellum-TaDOR673 effectively for controlling the
collar rot disease caused by Sclerotium rolfsii in groundnut.
Gupta and Sharma (2013), reported that generally T.
harzianum can grow well at 25-30°C on Potato Dextrosa
Agar. The growth will be reduced when the temperature
increase above 37°C and no growth was observed at 45°C
six days after inoculation. Jamali and Banihashemi (2012)
stated that there is a species of Paecilomyces fungi that is
thermophilic, and is still able to grow well above 50°C.
Despite of temperature, ultraviolet light also influence
the germination of conidia. Menetrez et al. (2010) reported
that the ultraviolet radiation could cause cell mortality and
genetic mutation when the fungi are exposed under
ultraviolet light within a certain period. Asthana and
Tuveson (1992) stated that the ultraviolet-B irradiation
components on the sun could damage protein and DNA of
the pathogenic fungi, thus affecting the physiological
activity and metabolic response. Rodrigues et al. (2016)
reported that 5 minutes exposure to ultraviolet can reduce
conidial germination of of Beauveria bassiana from 95% to
52% and from 96% to 54% for M. anisopliae.
The objective of this study was to determine the
viability and the effect of temperature and ultraviolet light
towards conidial germination of antagonistic fungi
indigenous to chili rhizosphere. This fungi has the potential
in suppressing the growth of C. gloeosporiodies that caused
anthracnose disease on chili
MATERIALS AND METHODS
Design
The study involved two objectives, i.e. testing the
viability of antagonistic fungi that have the potential for
inhibiting the growth of C. gloeosporoides that causes
anthracnose disease in chili; and to assess the effect of
temperature and ultraviolet rays on the conidial
germination of this antagonistic fungi. This study used
Completely Randomized Design (CRD) with 9 treatments
and 4 replications. The treatments were various isolates of
antagonistic fungi: Trichoderma spp. (sp.1, sp.2, sp.3 and
sp.4) Paecilomyces spp. (sp.1, sp.2, sp.3 and sp.4) and
isolate X. Each of isolate made four replication for
observation.
Rejuvenation and propagation of antagonistic fungi isolate
Rejuvenation of antagonistic fungal isolates was
performed by reproducing the fungal isolates on PDA
medium. The reproduced antagonistic fungi in the PDA
medium were extracted using a 0.5 cm diameter borer core
and transferred into a Petri dish which contains a PDA
medium, then incubated for 7 days.
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The width of colony
The coverage test of colonial growth was performed by
extracting a piece of Fungi mycelium which has been
reproduced in PDA medium using 0.5 cm diameter borer
corer and then grown into Petri dish which contained PDA
medium and incubated at room temperature. The each
Fungi colonial coverage was measured from day 2 after
inoculation until the culture was 14 days old.
Conidial germination test
Conidial germination test was performed by preparing a
1 cm2 size and 2 mm thick of PDA medium that was
located on a sterile object glass. 10 μl of conidial
suspension containing 106 conidia/mL was dripped. The
object glass was inserted into a sterile Petri dish containing
a moistened filter paper and incubated at room temperature
for 24 hours.
Conidial density
Conidial density of each Antagonistic fungal isolate
was performed by preparing a conidial suspension with
concentration of 106 conidia/mL. 0.1 mL, each isolate was
inserted in a Petri dish containing PDA media and
incubated at 28°C. After 14 days, the cultures were inserted
into Erlenmeyer and added with 50 mL of sterile distilled
water. The cultures were then homogenized in a shaker for
5 minutes and filtered using Whatman-paper no. 4. The
filtered conidias were put into a test tube and added with 9
mL sterile distilled water and diluted to 10-4. The conidial
concentration of the suspension was calculated using a
haemocytometer.
Conidial sensitivity to temperature
The sensitivity test of conidial fungal isolate towards
the temperature change was performed by extracting a
conidial suspension from each antagonistic fungal isolate at
a concentration of 106 conidia/mL, and then inserted into a
5 mL reaction tube. Each isolate was incubated in a water
bath using different temperatures (10°, 30°, and 50°C;) and
a control for 30 minutes. Calculation of the conidial
germination was performed using the same method as
germination test of conidial antagonistic fungi.
Conidial sensitivity to ultraviolet light
Sensitivity test of conidial antagonistic fungi against
UV light was performed using: pure culture aged 14 days
in a petri dish that was placed on open space to be exposed
to direct sunlight. The exposure to the UV light was
performed for 0, 30, and 60 minutes. The germination of
conidial antagonistic aungi was calculated using the same
method as germination test experiment.
RESULTS AND DISCUSSION
Viability of antagonistic fungi
The viability of various antagonistic fungi used in this
study varied significantly between isolates, while conidial
germination did not vary significantly between isolates
(Table 1).
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The largest area of antagonistic fungal colonies was
found in Trichoderma sp.2 isolate, with colony area of
56.92 cm2 and the smallest was found in Paecilomyces sp.1
isolate with 11.78 cm2 colony area (Table 1). The highest
density of conidial was found in the Trichoderma sp.3
isolate as 57.5 x 109 conidia/mL and the smallest was
found in Paecilomyces sp.4 as 26.50 x 109 conidia/mL.
Isolate X did not form conidial (Table 1). In general,
conidial germination of various antagonistic fungi was
relatively high, as more than 80% and did not vary
significantly between isolates.
Temperature effect to germination of antagonistic
fungal conidia
The effect of temperature change towards germination
of conidial of antagonistic fungi varied significantly
between isolates (Table 2). For some isolates such as
Paecilomyces sp.4, Paecilomyces sp.1, Trichoderma sp.4,
the germination of conidial at 10°C survived above 60%,
while isolates Paecilomyces sp.2, Trichoderma sp.3,
Trichoderma sp.2 and Paecilomyces sp.3 only survived for
40-60%. At a temperature of 30°C, conidial germination of
indigenous rhizosphere antagonistic fungi was normal and
the lowest conidial germination was found in Paecilomyces
sp.1 isolate (72%). In general, at a temperature of 50°C, the
germination of conidial of antagonistic fungal was
decreases. Two Trichoderma isolates which were still able
to germinate well were Trichoderma sp.1 (98.25%) and
Trichoderma sp.2 (79.50%) (Table 2).
The effect of ultraviolet light towards the germination
of antagonistic fungal conidia
The duration of UV light exposure to the antagonistic
fungi tested in this study had significantly different effects
on germination of the conidial (Table 3). The highest
germination of conidial was observed at 30 minutes UV
exposure was recorded in Trichoderma sp.2 isolate
(94.5%), and the lowest was in Paecilomyces sp.2 isolate
(24%). Generally the germination of the conidia was
decreased at 60 min UV exposure except for Trichoderma
sp.2 was still germinated highly (84.25%).
Table 1. The widht of colony, conidial density and germination of
several antagonistic fungi from chili rhizosphere
Antagonistic fungi
isolates

Viability of several antagonistic fungi
Density of
Germination
Coloni
conidia
of conidia
2
coverege (cm )
(x109 con./mL)
(%)

Trichoderma sp.3
Trichoderma sp.1
Trichoderma sp.4
Trichoderma sp.2
Paecilomyces sp.2
Isolate X
Paecilomyces sp.3
Paecilomyces sp.4
Paecilomyces sp 1

56.92 a
56.77 a
48.77 ab
39.68 bc
38.69 bc
36.83 bc
28.87 c
25.46 cd
11.78 d

57.50 a
40.50 abc
52.00 ab
44.50 abc
36.75 abc
27.00 bc
26.50 c
28.50 bc

86.50 a
90.50 a
100.00 a
100.00 a
100.00 a
100.00 a
100.00 a
100.00 a

Note: The figures in the column followed by the same lowercase
letter are not significantly different according to DNMRT 5%

Table 2. Effect of temperature to germination of antagonistic
fungal conidia
Antagonistic fungi
isolates
Trichoderma sp.4
Trichoderma sp.2
Pecilomyces sp.4
Paecilomyces sp.2
Paecilomyces sp.1
Paecilomyces sp.3
Trichoderma sp.1
Trichoderma sp.3
Isolat X

Percentage of germination of conidia (%)
at various temperature (°C)
Room
10
30
50
temp. (27)
100 a
100 a
100 a
100 a
100 a
100 a
90.5 a
86.5 a
-

76.75 a
60.00 ab
40.50 b
56.25 ab
55.50 ab
49.25 ab
65.00 ab
65.00 ab
-

100 a 58.50 abc
96.75 a 79.50 abc
95.00 a 46.75 bc
100 a 59.00 abc
73.25 b 38.75 c
100 a
47.75 bc
97.50 a 98.25 a
100 a
81.50 ab
-

Note: The figures in the column followed by the same lowercase
letter are not significantly different according to DNMRT 5%

Table 3. Effect of ultraviolet light to germination of antagonistic
fungal conidia
Antagonistic fungi
isolates

Percentage of germination of conidia
(%) at different duration of UV light
exposure (minute)
0
30
60

Trichoderma sp.4
Trichoderma sp.2
Pecilomyces sp.4
Paecilomyces sp.2
Paecilomyces sp.1
Paecilomyces sp.3
Trichoderma sp.1
Trichoderma sp.3
Isolat X

100.00 a
100.00 a
100.00 a
100.00 a
100.00 a
100.00 a
90.50 a
86.50 a
-

81.25 a
94.50 a
24.00 c
76.00 a
37.50 bc
42.00 bc
62.75 ab
78.50 a
-

69.50 ab
84.25 a
73.00 a
15.00 b
56.00 ab
37.25 ab
53.25 ab
75.00 a
-

Note: The figures in the column followed by the same lowercase
letter are not significantly different according to DNMRT 5%

Discussion
The Trichoderma genus exhibits faster growth and
higher conidial density than the Paecilomyces genus. This
genus is one of the soil fungi that has a variety of habitats
and is highly competitive against other saprophytic fungi.
According to Harman et al. (2004), Trichoderma are
cosmopolite, usually found in soil and root ecosystems.
They are opportunistic, avirulent, plant symbionts, as well
as being parasites to plant pathogen of fungi. On the second
day after incubation , the colour of Trichoderma colony on
PDA medium was white because of its mycelium. On the
third day, then the colour was turning to green, due to the
formation of conidial. According to Shahid et al. (2013),
the growth of Trichoderma fungal colony isolates can fill
the 9 cm diameter petri dish within 3 days. This genus
produced conidial that are green, green, greenish yellow
and dark green and concentric conidia.
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The Paecilomyces is a genus of fungi that has slow
growth rate and low conidial density. The Paecilomyces
genus growth on PDA medium can fill the 9 cm diameter
petri dish on 17th day and produced low conidial density.
According to Liang et al. (2005) the growth of
Paecilomyces spp. fungi ranged from 0.6-6.5 cm for 14
days, even P. gunnii growth was very slow accounted only
for 2.2-2.8 cm on Czapek Agar medium.
In general, the germination of antagonistic conidial
fungi at room temperature 30°C was quite high with more
than 80%. High germination is essential for the growth and
development of fungi as a biological agent. Shahid et al.
(2013) reported that Trichoderma grow optimally and
produces a high conidial at 25-30°C. Trichoderma sp.1 and
Trichoderma sp.3 isolates were able to germinate well at
50°C with conidial germination of 98.25% and 81.50%
respectively. This indicates that Trichoderma was able to
germinate above the optimum temperature. The results of
research by Poosapati et al. (2014) showed that the
Trichoderma asperellum TaDOR673 fungi isolate was
highly tolerant to 52C high temperature, and the fungi was
still able to produce fairly dense conidial and higher
conidial germination compared to other isolates.
One of Paecilomyces isolates that were capable of
germinating at temperature above 50ᵒC was Paecilomyces
sp.1 isolate, thus resistant to high temperatures. Jamali and
Banihashemi (2012) stated that P. crustaceus and P.
variotii are thermophilic fungi that could grow well at high
temperatures of 50C and 60C.
The exposure towards ultraviolet irradiation on the
indigenous rhizosphere antagonistic fungi has an effect to
its conidial germination. The longer the irradiation time
would decreased the conidial germination. The decrease in
germination may caused by the conidial cell damage.
According to Menetrez et al. (2010), the UV radiation
could cause cell mortality and genetic mutation when the
fungi are exposed under UV light within a certain period of
time. According to Asthana and Tuveson (1992) the UV-B
irradiation components on the sun could lead into protein
and DNA damage of the pathogenic fungi, thus affecting
the physiological activity and metabolic response of the
organism.
The antagonistic fungi from the genus Trichoderma
genus had the best viability (the width of colony = 39.6856.92 cm2, density of conidia 40.50-57.50 x 109
conidia/mL and germination of conidia > 80%) and highest
resistance to temperature and ultraviolet changes compared
with the other fungi used in this study. The Trichoderma
isolates potential to aplicate to chili fruit for controlling
antracnose disease.
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Abstract. Ramadhaniaty M, Setyobudiandi I, Madduppa HH. 2018. Morphogenetic and population structure of two species marine
bivalve (Ostreidae: Saccostrea cucullata and Crassostrea iredalei) in Aceh, Indonesia. Biodiversitas 19: 978-988. Oysters (Family
Ostreidae) are mollusks, with high levels of phenotypic plasticity and wide geographic distribution. Oysters are a challenging group for
morphological identification and genetic populations study. Saccostrea cucullata and Crassostrea iredalei are oysters from bivalve class
that lives in the intertidal area and mangrove ecosystem. To clarify the morphology, genetic diversity and population structure of the two
forms of S. cucullata and C. iredalei, we collected and studied oysters from three locations along the coastal region of Aceh by using
morphometric method and 16 S mtDNA sequences analysis. We also added more oysters sequences from China, Japan, and Thailand to
determine the connectivity between all populations. Morphometric characteristics of the oyster showed a negative allometric growth
pattern, which means the rate of length gain is faster than that of the weight gain. The genetic distance from S. cucullata was 0.0030.004 (Fst = 0.708) and C. iredalei was 0.000 (Fst = 0.971). The long genetic distance and high fixation index (Fst) in the oysters
population are caused by the close geographical distance of the species in the three populations. The haplotype diversity value from S.
cucullata and C. iredalei were 20 and 3, respectively. The haplotype showed the connectivity among the oyster populations which
indicated by the gene flow pattern. The gene flow was affected by geographical distance and environmental complexity.
Keywords: 16S mtDNA, genetic, morphometric, oyster, tiram

INTRODUCTION
Morphometric characters and genetic analysis of
oysters are the combinations of information about the
effects of environmental (Abidin et al. 2014) and
geographic conditions that can distinguish the size and
genetic variation of oysters (Lam and Morton 2006).
Growth is a three-dimensional process that changes over
time. Oysters have an irregular shell shape and their growth
is strongly influenced by biotic, abiotic factors (Gaspar et
al. 2002), environmental, and geographical factors causing
high variations in the formation of oyster shells (Gunter
1950; Gosling 2003). High-level phenotypic plasticity in
oyster morphology is often of limited value for
unambiguous identification of specimens and taxonomy as
a whole (Boudry et al. 2003). Accordingly, identification of
oyster species based on morphological characters alone is
extremely difficult and insufficient (Klinbunga et al. 2005;
Jiafeng et al. 2014). A factor that differentiates one oyster
species from another is the shell. However, it is difficult to
distinguish the shell shape due to its similarity (Boudry et
al. 2003). Morphometric is an analysis based on
measurements of shell’s length and weight (Mass et al.
1999). The length-weight relationship may indicate the
stock composition to estimate the availability of oyster
sizes, mortality, growth, reproduction, and life cycle in the

aquatic environment, providing information about the
range of oyster size that should be caught (Fafioyye 2005).
Various oysters live in Aceh coastal, such as Saccostrea
cucullata and Crassostrea iredalei. Oysters are benthic
marine species inhabiting intertidal areas and widely
distributed throughout the tropical and subtropical regions
(Hedgecock et al. 1995). Oyster has two weeks pelagic
larval duration before it becomes a pediveliger larva that
has feet to search for suitable substrate and grow into an
adult oyster (Gosling 2003). Long larval dispersal distance
combined with other factors has often caused uncertainty in
gene flow between a wide geographic range of many oyster
species (Buroker 1985; Boudry et al. 2003). The larvae
dispersal pattern will lead to high levels of genetic
variability within populations of intertidal species (Grassle
1972). Aceh coastal in the northern part of Sumatra is
situated in a region with three different types of currents.
The western part of Aceh water is associated with the
Indian Ocean, the northern part with the Andaman Sea and
the eastern part with the Malacca Strait (Nurhayati 2009).
The geographic difference causes differences in the
distribution and characteristics of marine biota among the
three coastal sections. The physical oceanography factors
such as currents and tides greatly affect the pattern of
dissemination and recruitment of marine biota (Findly and
White 2003).

RAMADHANIATY et al. – Morphogenetic and population structure of Saccostrea cucullata and Crassostrea iredalei

Rapid species identification, proper management, and
availability of stocks are important to avoid local extinction
(Madduppa et al. 2017). In recent years, molecular
techniques have become essential tools for identification of
marine species (Boudry et al. 2003; Madduppa et al. 2014;
Prehadi et al. 2015; Kusuma et al. 2016; Maulid et al.
2016). Molecular techniques have been proven to
overcome the flaw of morphological identification
approach (Boudry et al. 1998) and is widely used to answer
questions that cannot be answered ecologically (Madduppa
et al. 2016). The use of molecular DNA eases the
systematic and identification of oyster species as well as
the knowledge of their geographical range (Boudry et al.
2003). Mitochondrial DNA (mtDNA) is a single molecule
that evolves more rapidly than the nuclear DNA. Therefore,
it is suitable and recommended to be used for DNA
barcoding (Hebert et al. 2003). DNA barcoding is an
efficient method used to identify species level and plays a
role in taxonomy as well as population structure
(Hajibabaei et al. 2007). The 16S mtDNA used in this
research was based on other previous studies on oysters.
Genetic diversity determines population capacity to adapt
to the environment (Taylor and Aarssen 1988). A
population with high genetic diversity has a better chance
of survival because every gene has a different response to
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environmental conditions (Akbar et al. 2014). Various
researches on oyster molecular systematics have been
conducted in several countries in the world such as by
Klinbunga et al. (2005) who combined the analysis of CO2,
16S and 18S rDNA of oysters in Thailand; Liu et al. (2011)
identified oysters using mitochondrial DNA; Sekino et al.
(2014) used mitochondrial DNA of Crassostrea in
Japanese waters. The results of those studies answered the
researchers’ doubts about oyster species. By combining
morphological and molecular data, a previous study even
successfully found a new species of oyster namely C.
hongkongensis (Lam and Morton 2003).
Oysters have great economic importance (Christo et al.
2010) and are consumed by people because of its good
taste and high protein content (Ruesink et al. 2005). Oyster
has been a source of livelihood for Aceh people for a long
time. Oyster fishing activities are carried out daily, and as
the numbers of fisherman increase, oysters become difficult
to grow up normally. In Aceh, this activity has affected
oyster populations and led to changes in oyster population
structure (Octavina et al. 2014). In our present study, we
analyzed morphological characters, genetic diversity, the
population structure of oysters between and within
populations to understand the wide-scale connectivity of
the oyster population.

3

2
1

Figure 1. Research sites of S. cucullata and C. iredalei in Aceh Coastal area, Indonesia: 1. Labuhan Haji 6° 24' 46.8'' S97° 36' 43.2'' E,
2. Kuala Gigieng 6° 33' 57.6'' S 98° 6' 47.88'' E), and 3. Loskala 3° 41' 22.2'' S97° 9' 3.6'' E ), and sequences from China, Japan dan
Thailand obtained from Genbank
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MATERIALS AND METHODS
Study area and sampling
Oysters were collected from three sites in Aceh namely
Labuhan Haji (South Aceh), Kuala Gigieng (Aceh Besar)
dan Loskala (Lhokseumawe) (Figure 1). Labuhan Haji is a
region in South Aceh that faces the Indian Ocean, the
sampling location at this site was around the Fishing
Market. Kuala Gigieng is a site located in Aceh Besar that
is adjacent to the Andaman Sea; this site is close to the
settlement area and mangrove area. Loskala is an area in
North Aceh precisely at Lhokseumawe, and the sampling
site is nearby fish ponds.
The sampling was conducted from June 2016 to July
2016. A total of 77 samples were collected from three
observation sites using Purposive Random Sampling
(Sulistiyarto et al. 2007). Samples were collected when the
lowest tides were in the intertidal area of the mangrove
ecosystem. The samples were then identified
morphologically by using identification book of Poetiers
(1998) and Dharma (2005) as references. The length and
weight of oysters were measured. Subsequently, oyster
samples were removed from their shells, then placed into
tubes containing 96% ethanol.
DNA extraction, amplification, and DNA sequencing
For DNA isolation, an adductor muscle of oyster was
dissected from the sample and extracted using Extractions
kit GeneJet Genomic DNA Purification Kit and gSYNC ™
DNA Extraction Kit (Thermo Fisher, Waltham, MA, USA)
(Liu et al. 2011). The molecular marker used in this study
was 16S mtDNA. Amplification of a partial 16S segment
by PCR was done using a primer pair F, 5'-CGC CTG
TACA AAC AA AT-3'; and R 5'-GGT CTAAC TCA GAT
CAG ATC ACG T-3 ') (Banks et al. 1993, Small and
Chapman 1997). PCR reaction was set up in a total volume
of 25 μL, containing 1-3 μL of DNA template,1.25 μL of
Kapa Master Mix (Kapa Biosystems, Wilmington, MA,
USA), 1.25 μL (10 mM) of each primer, and 9 μL ddH2O.
The PCR condition is as follows: denaturation at 95°C for
2 min by 30 cycles, denaturation at 95 °C for 1 min,
annealing at 57 °C for 1 min, extension at 72°C for 1 min
and the final extension at 72 °C for 5 min (Bank et
al.1993).The PCR product was assessed by electrophoresis
in 1.0% agarose containing Ethidium Bromide (EtBr). The
electrophoresis was done at 100 V and 400 mA for 25
minutes and then visualized using a Gel Doc machine.
Positively-amplified PCR products were then sent to a
sequencing service company (First Base Malaysia) to be
sequenced using the Sanger et al. (1977).
Data analysis
Morphometric length-weight relationship
The oyster shell morphometric was performed by
analyzing the length and weight of oysters. The length-toweight ratio was calculated to investigate the growth
pattern of oyster using the following equations (Effendie
1997):

W = aLb
Where:
W = Body weight (gram)
L = Body length (mm)
a and b = Constants
The equation is changed into a linear form, as follows:
Log y = a log x + log b

Log b =

Explanation:

Log b =

The determination of oyster growth criteria is
performed by using the length-to-weight ratio based on the
b value that is: when b<3, the length is greater than the
weight, a negative allometric. When b>3, the weight is
greater than the length, a positive allometric. When b = 3,
the length increase, and the weight gain are balanced or
called isometric (Effendie 1997).
Genetic diversity
Sequences from 77 individual oysters and additional 20
oysters 16S gene sequences from Genbank were aligned
and edited in MEGA 6 software (Tamura et al. 2013). The
sequences were aligned (Clustal W) to determine the
homologous region of those sequences. A phylogenetic tree
was constructed based on Neighbour-Joining method,
Kimura 2 evolution model and 1000x bootstraps replication
(Tamura et al. 2013). Additional oyster sequences from
China, Japan, and Thailand were obtained from GenBank,
National Center for Biotechnology Information (NCBI), as
additional data to know the connectivity and genetic
distance of the oysters on a wide scale in Asia. The analysis
of genetic diversity (Nei 1987) and nucleotide diversity
(Nei and Jin 1989) were calculated using Arlequin program
(Schneider et al. 2000).
Genetic population structure and connectivity
The population structure of molecular variance was
analyzed using AMOVA (Excoffier et al. 1992), pairwise
using the difference of the subdivision of genetic distance
in the population using Fixation index (Fst). Both statistical
differences between populations and Chi-square probability
test for population differentiation were tested using 1000
permutations from data estimated using DNASP (Hudson
et al. 1992). Population connectivity was analyzed using
PopART software with Median-Joining method (Bandelt et
al. 1999).
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Tabel 1. Additional sequence of oyster that was used in this
research from China, Japan dan Thailand
Species

Lokasi

S. cucullata China

Jepang

Acc.
Genebank
AF458901.1
AF458902.1
AF458903.1
AF458904.1
AF458905.1
AF458906.1
AB748908.1
AB748909.1
AB748910.1
AB748911.1
AB748912.1
AB748913.1
AB748914.1

References
Lam and Morton 2003
Lam and Morton 2003
Lam and Morton 2003
Lam and Morton 2003
Lam and Morton 2003
Lam and Morton 2003
Sekino and Yamashita 2013
Sekino and Yamashita 2013
Sekino and Yamashita 2013
Sekino and Yamashita 2013
Sekino and Yamashita 2013
Sekino and Yamashita 2013
Sekino and Yamashita 2013

C. iredalei Jepang

AB972008.1 Sekino and Yamashita 2013
AB972007.1 Sekino and Yamashita 2013
Thailand EF122386.1 Bussarawit et al. 2006
EF122385.1 Bussarawit et al. 2006
EF122384.1 Bussarawit et al. 2006
EF122387.1 Bussarawit et al. 2006
Note: S. cucullata = Saccostrea cucullata; C. iredalei =
Crassostrea irdalei; Acc Genebank: Accept genebank

RESULTS AND DISCUSSION
Allometric growth of the oyster populations in Aceh
The morphological characteristics of the oyster in this
study are described by the morphometric of length-toweight ratio of oyster shell. The morphometric data of
oyster samples from the three study sites are summarized in
Table 2. The weight calculation of S. cucullata in Labuhan
Haji, Kuala Gigieng and Loskala was W = 0.1311L2.9203 R2
= 0.1831, W = 0.2508L2.7744 R2 = 0.2474 and W =
3.0144L7.895 R2 = 0.769, respectively. The calculation result
for S. cucullata in the whole sites was W = 0.711L2.037 with
R2 value = 0.158 (Table 2). Based on the graph of the
length-weight ratio of S. cucullata in Labuhan Haji, Kuala
Gigieng and Loskala, it was showed R2 percentage of
18.3%, 24.7% and 76.9%, respectively. The calculation of
the weight of C. iredalei in Labuhan Haji, Kuala Gigieng
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and Loskala were W = 0.765L4.923 R2 = 0.9623, W =
0.611L1.5909 R2 = 0.14 and W = 0.3569L1.3461 R2 = 0.0312.
The calculation of C. iredalei for the whole sites was W =
0.787L2.197 R2 = 0.384. The result shows that the
percentage of R2 was 96.2% (Labuhan Haji), 14% (Kuala
Gigieng), 3.12% (Loskala) and the total was 38.4%.
Genetic diversity of Saccostrea cuculata and Crassostrea
iredalei
Genotypes analysis of the 77 samples revealed that
there are two species of oysters. Sequence analysis of S.
cucullata and C. iredalei using 16S mtDNA loci along
Aceh waters and 19 additional oyster sequences from
China, Japan, and Thailand obtained an indented result of
98-99%. As many as 96 DNA fragments of oyster were
sorted, and there were 445-569 basepairs obtained. The
phylogenetic tree shows two large clades namely S.
cucullata and C. iredalei (Figure 2). The tree shows that
the Chinese S.cucullata clade is separated from those of
Japanese and Aceh waters with a genetic distance of 0.071,
while the genetic distances among other populations were
ranged from 0.006-0.002. The genetic distance among
populations of C. iredalei is same, while the genetic
distance within the population was 0.000. This value
indicates a low genetic distance and close relationship
among C. iredalei populations (Nei 1972). The knowledge
of genetic distance and the phylogenetic tree can identify
the closeness between the two oyster species (Jefri et al.
2015).
Table 3. Genetic diversity of Saccostrea cuculata and
Crassostrea iredalei based on haplotype number (Hn), haplotype
diversity (Hd), nucleotide diversity, and sample size (n)
Species

Population

N

S. cucullata

Labuhan Haji
Kuala Gigieng
Loskala
Japan
China
Labuhan Haji
Kuala Gigieng
Loskala
Japan
Thailand

27
13
6
7
6
2
18
11
2
4

C. iredalei

Genetic diversity
Hn
Hd
π
16
0.931
0.005
12
0.987
0.007
4
0.800
0.003
2
0.285
0.001
6
1.000
0.024
2
1.000
0.006
4
0.634
0.003
3
0.618
0.003
1
0.000
0.000
1
0.000
0.000

Table 2. Length-weight relationship of S. cucullata and C. iredalei with sample size (n), constants (a), growth index value (b),
correlation value (r), and determinant (R2)
Species

Site

n

a

b

r

r2

Growth pattern

S. cucullata

Labuhan Haji
Kuala Gigieng
Loskala
Total

28
13
6
47

0.131
0.250
3.014
0.711

2.920
2.774
2.895
2.037

0.427
0.490
0.840
0.397

0.183
0.247
0.769
0.158

Negative allometric
Negative allometric
Negative allometric
Negative allometric

C. iredalei

Labuhan Haji
Kuala Gigieng
Loskala
Total

3
18
11
32

0.765
0.611
0.356
0.787

4.923
1.590
1.346
2.197

0.980
0.370
0.170
0.619

0.962
0.140
0.031
0.384

Positive allometric
Negative allometric
Negative allometric
Negative allometric
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Figure 2. Reconstruction of the phylogenetic tree of S. cucullata dan C. iredalei using Neighbour-Joining method with Kimura 2
parameter model with a bootstrap value of 1000x

The genetic diversity of S.cucullata in each population
was fairly high, with an index ranging from 0.800 to 0.987.
The lowest nucleotide diversity was in the Loskala
population (π = 0.003) and the highest in the Kuala Gigieng
population (π = 0.007). The Genetic diversity index of the
Chinese oyster population is very high, reaching 1.000 (π =
0.024). The Japan oyster population has the lowest genetic
diversity compared to other regions, namely 0.285 (π =
0.001) (Table 3).
C. iredalei oyster population sampled from Kuala
Gigieng site showed a low genetic and nucleotide diversity
(0.634; π = 0.003). Labuhan Haji site showed a higher
value of Hd and π of both species per population, (Nei
1987). The highest values of Hd and π in the oyster
population of Labuhan Haji station were 1.00 and 0.006.
The Hd and π values for Japan and Thailand population
showed the lowest value of 0.000. The nucleotide chains
undergoing polymorphisms in S. cucullata were 16, in
which 10 nucleotides underwent transition and 6 nucleotides
underwent transversion. There were 5 nucleotide
substitutions of nucleotides in C. iredalei consisting of 3
nucleotides transition and 2 nucleotides transversion. A
nucleotide transition is much more frequent than a
nucleotide transversion (Kochzius and Nuryanto 2008).

Genetic population structure
The evolutionary relationship among 96 oyster samples
is shown by the Haplotype network (Figure 4). The results
showed that S. cucullata had more haplotypes than C.
iredalei. However, viewed at each population, Kuala
Gigien site showed the highest number of S. cucullata
haplotypes (9 haplotypes), followed by Japan (7
Haplotypes), Labuhan Haji (7 Haplotypes), Loskala (3
Haplotypes) and China (1 Haplotype). Meanwhile, C.
iredalei showed 2 haplotypes for Japan, 2 haplotypes for
Loskala and 1 haplotype for Labuhan Haji and Kuala
Gigieng.
The results of the haplotype network analysis (Figure 4)
showed that 7 haplotypes of S. cucullata were present only
in Japanese water and 5 haplotypes were present only in
Kuala Gigieng population. Other haplotypes could be
found in all three populations which indicate that there is a
combination of haplotypes among the three populations.
However, in the Japanese oyster population, there is no
combination with other populations as seen from the
haplotype network in which there are many isolations
occurred between the Japanese oyster population and other
populations. The haplotype 1 was found in all the
populations whereas the haplotype 2 was only found in the
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Loskala oyster population. The same results were also
shown in the haplotype network of the Japanese oyster
population which exhibit more isolation than that of other
populations.
The statistical analysis of population structure between
and within populations was tested using molecular variance
analysis AMOVA (Excoffier et al. 1992) and paired
genetic distance test used Fst value. These molecular
statistic calculations used Arlequin software version 3.5.2.2
based on the results obtained from Mega 6 software. The

A
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genetic distance value of S. cucullata between populations
in Aceh waters was 0.003-0.004 (Table 4), while the range
of genetic distance within the population was 0.002- 0.005.
The genetic distance between populations in C. iredalei
was the same for all stations, with a value of 0.000. The Fst
for S. cucullata was 0.708 (P-value = 0.000), whereas that
of C. iredalei was 0.971 (P-value = 0.000) (Table 5). The
Fst values of these two species belong to the high category
of 0.6-1.00 (Excoffier et al. 1992).

B

Figure 4. Haplotype network of Sacrosstrea cucullata (A), Crassostrea iredalei (B) in each population. The circle line demonstrates the
presence of change in nucleotides and the circle size illustrates the frequency of change in haplotype composition
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Table 4. Genetic distances analysis between and within populations of Sacrosstrea cuculata and Crassostrea iredalei for the whole
populations
Labuhan Haji

Kuala Gigieng

Loskala

Japan

China

Thailand

S. cucullata

Species

Labuhan Haji
Kuala Gigieng
Loskala
Japan
China

Population

0.003
0.004
0.003
0.005
0.071

0.005
0.004
0.004
0.071

0.002
0.006
0.071

0.001
0.067

0.024

-

C. iredalei

Labuhan Haji
Kuala Gigieng
Loskala
Japan
Thailand

0
0
0
0
0

0
0
0
0

0
0
0

0
0

-

0

Table 5. Pairwise Fst values between and within populations of
Sacrosstrea cuculata and Crassostrea iredalei
Species
S. cucullata

C. iredalei

Source of
variation
Within a
population
Between
populations
Total
Within a
population
Between
populations
Total

4

Variation
(%)
70.84

54

29.16

58
4

97.10

32

2.90

d.f.

0.708

Pvalue
0

0.971

0

Fst

36

Discussion
Allometric growth of the oyster populations in Aceh
Morphometric characters are measured to know the
morphological variations within a species resulted from the
difference in environmental conditions and the availability
of nutrient in the environment (Chiu et al. 2002).
Allometric growth is defined as the increase in size of
different organs or parts of an organism at various rates
(Gould 1966). Morphometric measurements can give
information on the stock composition, age at maturity, life
span, mortality, growth, and production (Beyer 1987;
Bolger and Connoly 1989; King 1996; Diaz et al. 2000).
The total morphometrics showed b<3 for the three
observation populations. This b value of S. cucullata
indicates a faster increase in the length of the oyster shell
compared to its weight gain, manifested in very thin body
size. Effendie (1997) stated that b<3 indicates an allometric
growth in which the increase in body length is faster than
the increase in body weight. Interestingly, oyster
populations from Labuhan Haji showed b >3 which means
the increase in the total weight of the oyster shell is faster
than that of the shell length. These results suggest that the
number of samples may also affect the b value. The oyster
length and total weight of C. iredalei showed b<3 in all
observation sites. Overall, our morphometric analysis
showed that the growth of the two oyster species in all
three stations is classified as negative allometric. Negative

allometric growth is the disproportionate growth of parts of
an organism as the organism changes in size, in this case,
the growth of the oyster shell length is faster than that of
the body weight. (Gaspar et al. 2002). Octavina et al. 2014
found that oysters in Kuala Gigieng Station showed a
negative allometric growth pattern.
We observed that oysters measured in this study were
young oysters and still in the growth stage. This finding
was likely due to rapid and continuous consumption of
adult oysters in the area. Oysters are hermaphrodite
animals (Satino 2003). According to Wang et al. (2004),
oysters are born as males until they are able to release
sperm, then they will turn into females if environmental
condition is suitable (Galtsoff 1964). During this male
phase, the oysters focus their growth on the elongation of
the shell and sperm production, before lately turn into
female oysters (Yang et al. 2014). When a male oyster
turns into a female, the oyster will focus its growth on
gaining the body weight. Therefore females tend to be
heavier than males (Needler 1941). The change of sex in
oyster is strongly influenced by the environment (Fulford et
al. 2010). If the environmental condition is not conducive,
for example, food crisis or population explosion, then the
oyster will tend to stay male. This situation might result in
a decrease in oyster population that would severely disrupt
both their ecological and economic functions (Octavina et
al. 2014). In the case of Labuhan Haji site, the growth of
oysters was allometric positive because at this station the
oysters are not consumed and sold. The difference in the
growth rate in the three observation sites is due to the
different growth rate of individuals composing each
population. Every individual has their own capacity in
utilizing energy and minimizing the effect of physiological
and other factors (Dody 2010).
Genetic diversity of Saccostrea cuculata and Crassostrea
iredalei
DNA analysis has been a successful approach to
solving the problem of species identification. In addition,
DNA analysis is also capable of answering questions that
have not been able to be answered by the morphological
analysis approach (Reeb and Avise 1990; Boom et al.
1994; Small and Chapman 1988; Boudry et al. 1998). In
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this study, we reconstructed a phylogenetic tree from the
three observation stations using the Neighbour-joining
method and evaluate it with a bootstrap of 1000x. The
distance calculation is based on Kimura 2 parameter
method (Tamura et al. 2013), because this option considers
the nucleotide transition and transversion rates (Jefri et al.
2015). Neighbor-joining trees obtained from molecular
analysis not only solve some taxonomic issues but also
identify patterns of biogeographic distribution (Lam and
Morton 2005). The sequences of S. cucullata and
C.iredalei from several countries obtained from GenBank
are also used in this analysis to see the grouping of all
sequences. Furthermore, the out-group included in this
analysis come from the same class that is Anadara
Trapezia. The constructed phylogenetic tree has two large
clades namely S. cucullata and C. iredalei. Clade S.
cucullata is separated into 2 sub-clusters namely oysters
from Aceh waters and Japanese waters with a bootstrap
value of 80 and oyster from Chinese waters with a
bootstrap value of 45. Meanwhile, C. iredalei sequences
from Japan and Thailand grouped into one large clade
together with C. iredalei originated from Aceh waters with
a bootstrap value of 65. The phylogenetic trees can be
clarified by the genetic distance value of Saccostrea
cucullata which is relatively high compared to Crassostrea
iredalei. The genetic distance is determined by the amount
of base undergone changes (Ubaidillah and Sutrisno 2009),
the more the differences, the more mutations occur which
lead to far genetic distance. Oysters are a type of sessile
animal that can only mobile during their larval period with
the help of water currents of their original habitat (Seliger
et al. 1982). In general, overly large oysters will be
distributed more widely compared with the less large
oysters. For example, Saccostrea cucullata can be found in
tropical indo-pacific whereas Crassostrea iredalei is only
found in the South China Sea, Andaman Sea and Gulf of
Thailand (Yoosukh and Duangdee 1999). The genetic
distance of C. iredalei population is low probably because
this oyster is not a native biota of Indonesia but originally
from the Philippines (Poutiers 1998). From the Philippines,
the larva disperses and reach Indonesia and the surrounding
waters, causing a very limited gene flow. In contrast, S.
cucullata has a very wide geographical range in which the
larva is originated from the Indo-Pacific and disperse to
South Africa (Poutiers 1998), the Malay Archipelago and
North Australia (Buroker 1985); therefore, the gene has
high heterozygosity level (Permana et al. 2006).
Nucleotide composition of S. cucullata species was
26.5% (Thymine), 18.1% (Cytosine), 28.9% (Adenine) and
26.5% (Guanine). The biggest nucleotide composition was
the A+T pair with the average amount of 27.7% while the
lowest was the pair G + C with the average amount of 22.3.
The C. iredalei showed an average nucleotide composition
of 29.6% (Thymine), 16.2% (Cytosine), 29.4% (Adenine)
and 24.8% (Guanine). The most predominant nucleotide
pair was the pair A + T with a frequency of 29.5%, and the
lowest was the G + C pair with an average amount of
20.5%. If two different species have more A + T base
composition, then the species will have many similarities
because of the independent parallel substitution.
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Consequently, they will be grouped by the similarity in
their base composition (Lam and Morton 2006). Therefore,
the similarity in nucleotide composition may explain
morphological similarities observed on the two oyster
species, and hence it is very difficult to distinguish them
morphologically.
There are several mutation-driven nucleotide
polymorphisms in the two oyster species (Ubaidillah and
Sutrisno 2009). There are two types of nucleotide
substitution mutation namely transition and transversion.
The transition is the change between Adenine and Guanine
(Purine) or between Citocyne and Thymine (pyrimidine),
while transversion is the change between purine or
pyrimidine (Ubaidillah and Sutrisno 2009). The
polymorphisms occurred in the nucleotide chain of
S.cucullata were 10 nucleotide transitions and 6
transversions. Nucleotide substitutions in C. iredalei
occurred in 5 nucleotides of which 3 were transitions and 2
were transversions. Nucleotide transition is more
predominant than transversion (Kochzius and Nuryanto
2008). Mollusks living in the sea have high levels of
polymorphism due to the widespread of larvae, abundant
populations and extensive dispersal (Ward et al. 1992;
Bazin et al. 2006). Mutation or gene variation in population
has proven to be very useful as an indicator for the
population structure and is particularly sensitive to
reproductive restrictions (Chapman 1989; Boom et al.
1994). Genetic variation and genetic diversity are important
and has been linked to organismal complexity (Lynch and
Conery 2003), long-term population survival in ecosystem
recovery (Reusch et al. 2004), and species adaptability to
environmental changes (Ellegren and Galtier 2016; O’brien
1994). Heterozygosity in many cases is considered the
primary parameter to reflect the overall population genetic
variability (Zhong et al. 2016).
Several comparative studies have demonstrated the
diversity of Tridacna crocea haplotype ranging from 0.77
to 1.00 (Kochzius and Nuryanto 2008); the diversity of S.
cucullata 0.6285 and C. iredalei 0.1857 (Klinbunga et al.
2005). In this study, the nucleotide diversity of S. cucullata
(π = 0.3501) and C. iredalei (π = 0.09) are low compared to
that of the previous report by Klinbunga et al. 2005. Based
on the Hd and π values of both species per population, the
Labuhan Haji population showed a higher average value.
This is because oysters in Labuhan Haji are not exploited
as heavily as those in the other observation stations
wherein oysters become the livelihood of the local people.
Exploitation is one of the key factors that determine the
number of haplotypes and the nucleotide diversity in a
population (Kochzius and Nuryanto 2008).
Genetic population structure and connectivity
The goal of population genetics is to understand the
processes that influence the interconnectivity among
populations of a species as a result of local adaptation, and
eventually speciation based on the genetic structure
(Fauvelot et al. 2003). The results of haplotype diversity
analysis indicate a close relationship between oysters in all
populations, haplotype diversity closely related to genetic
diversity. Another factor that might influence close genetic
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distance between populations is the absence of geographic
complexity (Avise 1992). Oceanographic factors such as
currents and tides have contribution to the pattern of
dissemination and recruitment of marine biota (Findly and
White 2003). The ocean current is different from place to
place. This difference is probably caused by the irregular
current movements within a year in the study sites. Ocean
currents change every half year and correspond to the
movement of the seasonal wind, resulting in even larval
distribution to the north and south (Sverdrup et al. 1942).
The larvae from these oysters can easily be carried away by
the Indian Ocean currents along the Aceh coast which are
only distinguished by the small current patterns between
the Malacca Strait and the Andaman Sea. Those
oceanographic factors might have maintained high and
relatively similar levels of genetic diversity between
populations. The tidal currents in the Indonesian waters are
strong and affect the vertical water mass mixing. Potential
factors that play a role in organism distribution are the
current conditions and duration of larvae in the waters
(Saleky et al. 2016).
The isolation observed in the Japanese oyster
population is due to the genetic distance. The cycle of cold
currents surrounding Japanese waters keeps the sessile
biota that relies on their larval period to find a rich habitat
in food supplies to remain in the vicinity of the Japanese
waters. The Japanese water is flanked by two types of
currents, namely Oyashio and Kuroshio currents (Nomura
and Yamazaki 1977; Nomura 1991). The Oyashio is a cold
current that moves from the southern Pacific Ocean, while
the Kuroshio is a hot current that moves from the North
Coast of Japan (Buesseler et al. 2011). Both currents are
from the North Pacific Currents. The Kuroshio current is
the continuation of the northern equatorial currents: after
arriving in the Philippines, the direction of the current goes
to the north and its movement is driven by the west wind.
Based on the results a very high-level Fst test and the
genetic distance (Table 5) showing that the population was
highly structured. The Fst shown in this study much higher
than observed by Wang et al. (2004) reported that the Fst
value of oysters in Chinese waters ranged from 0.00360.2705. This value tends to be high because there were
large numbers of the oyster species found in this region,
leading to high genetic diversity and in accordance to the
population structure (Fst) (Wang et al. 2004). The genetic
distance is determined by the amount of base that
undergoes changes. The more the difference, the higher the
mutation frequency, and the farther the distance (Ubaidillah
and Sutrisno 2009). The greater the value of the genetic
distance, the greater the gene flow into a population, so it
can be explained that the current lion’s share in the genetic
distribution of each population. Gene flow is associated
with the geographic isolation that is affected by the
geographical distance and complexity of environmental
diversity (Arnaud et al. 1999).
This study concludes that the growth pattern of S.
cucullata and C. iredalei is negative allometry. This
finding shows that the environmental impact might directly
affect the oyster genetic structure. This genetic diversity in
S. cucullata and C. iredalei indicates the presence of gene

flow in each population and their contribution in response
to different environmental conditions. The population
structure and phylogenetic reconstruction suggest that
oysters from Aceh waters originated from the same
population and had the same dispersal pattern because of
the close geographic distance and the connection of a direct
current pattern. S. cucullata and C. iredalei oysters from
China, Thailand and Aceh waters have the same haplotype,
demonstrating the presence of the respective gene (mtDNA
16S) in their populations.
Research on the population structure and genetic
diversity of S. cucullata and C. iredalei may be helpful in
developing conservation management because environment
strongly affects oyster growth. This information may also
increase the awareness of fishermen on oyster
sustainability and educate them to be more selective in
catching oysters and developing oyster cultivation systems.
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Abstract. Bani SN, Perwitasari-Farajallah D, Atmoko SSU, Sihite J. 2018. Adaptation behavior of Bornean Orangutan (Pongo
pygmaeus morio) reintroduction in Kehje Sewen Forest, East Kalimantan, Indonesia. Biodiversitas 19: 989-996. Bornean Orangutan
(Pongo pygmaeus) are grouped into three subspecies, including Pongo pygmaeus morio that spreads from Sabah to the southern parts of
Mahakam River in East Kalimantan. Forest conversion is the main threat to the populations and habitat of Bornean orangutans. The
orangutans which have been confiscated are going through rehabilitation process and reintroduction. Efforts should be taken to seize or
confiscate orangutans as much as possible and return them to their natural forest habitat. This research aimed: (i) to measure the
development of rehabilitated orangutans in their post-release adaptation in native forest, especially in activity budget, diet, nesting and
strata usage, in comparison to wild orangutans in the Danum Valley, (ii) to identify factors determining successful reintroduction of
orangutans based on their final stage in rehabilitation process. Daily activities of four adult females of the orangutan with different types
of last stage rehabilitation processes (pre-release island vs. cages) were compared during the monitoring of their behavior one year after
their release in Kehje Sewen forest using focal animal sampling method. The analysis showed that diet pattern of all individuals
resembled that of their wild orangutan counterparts. Meanwhile, activity pattern, strata usage, and nesting behavior was related to
individual's capabilities and not determined by the type of final stage in the rehabilitation process. We assumed other factors should be
considered as success factors of reintroduction.
Keywords: Activity budget, diet, nesting, orangutan, reintroduction, strata usage

INTRODUCTION
Orangutans are the only great apes that previously
spread in South Asia to Southeast Asia (Delgado and van
Schaik 2000) but now are only found in Borneo and
Sumatra Islands (Groves 2001). Since last year there are
three recognized orangutan species, i.e., Sumatran
orangutan (Pongo abelii), Tapanuli orangutan (Pongo
tapanuliensis) and Bornean orangutan (Pongo pygmaeus)
(Nater et al. 2017). Bornean orangutan (P. pygmaeus) are
grouped into three subspecies, including P. pygmaeus
morio that spreads from Sabah to the southern parts of
Mahakam River in East Kalimantan, Indonesia.
Orangutans are primarily frugivorous; they prefer fruit
as their staple food (Utami et al. 1997; Russon et al. 2009).
Distribution of plants strongly influences the length and
extent of an adult orangutan's roaming area. According to
Utami-Atmoko et al. (2009), the range of adult male
orangutan can reach 1,000-1,500 ha, and that of adult
females is about 250-300 ha. Female orangutans tend to be
philopatric; they settle in or close to the area where they
were born (Singleton et al. 2009; van Noordwijk et al.
2012).

Forest conversion is the main threat to the habitat and
populations of Bornean orangutans (Soehartono et al.
2007). This causes many individual orangutans to die or be
captured by the community. Based on the IUCN Best
Practice Guideline for the reintroduction of Great Apes
(Baker 2002; Beck et al. 2007), the orangutan that has been
saved and confiscated must be rehabilitated, and
reintroduction efforts to their natural habitat should be
made as soon as possible.
Rehabilitation is a process where an animal receives
physical and health care from humans until it becomes
healthy again. This process also aims to help the animal to
learn social behavior and ecological capabilities needed for
their eventual. In rehabilitation, orangutans have limited
contact with humans to eliminate their dependence on
humans and enable them to survive independently in their
wild habitat (Beck et al. 2007).
Orangutans arriving at the rehabilitation center will
undergo several processes: (i) medical examinations to
determine the age and illness (Beck et al. 2007), (ii)
orangutans will develop the ability to survive in the forest
through the forest school. Orangutans will also be
introduced with the kinds of natural food and be required to
make a nest in a tree (Russon 2002; Russon et al. 2007),
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(iii) orangutans will learn to move in the trees to avoid the
threat of predators, namely pigs and clouded leopard (Jule
et al. 2008) and parasites on the ground (Grundmann et al.
2006). The rehabilitants orangutans are ready to be released
to the wild. The ideal age of an orangutan for
reintroduction ranges from 7-8 years, as the orangutan is
expected to be more active and skillful in finding food at
this age (Russon 2006).
Reintroduction is a wildlife conservation effort by
returning the animal to its natural habitat (Beck et al.
2007). Reintroduction is also the fastest tool to address the
decline in population numbers in the wild (Russon 2009).
One way to see the success of reintroduction is by
monitoring post-release daily activities (Russon 2009),
including feeding behavior and other activities such as day
range (Yeager 1997; Grundmann 2006). This study is
critical because data about the success of Bornean
orangutan release is currently still very limited, especially
those associated with the final stage of the rehabilitation
process.
Kehje Sewen Ecosystem Restoration Forest in East
Kalimantan is an area of forest ecosystem restoration
(IUPHHK-RE) in East Kalimantan Province. IUPHHK-RE
can provide a safe and permanent place for free rehabilitant
orangutans to build new wild orangutan populations. The
Restoration of Orangutan Habitat Indonesia (RHOI) has
released 75 individuals of orangutans at Kehje Sewen
Forest Camps since 2012. Post-release monitoring is
necessary to determine the adaptation of each orangutan to
new habitat conditions.
This research aimed: (i) to measure the rehabilitated
orangutan`s development after their post-release adaptation
in natural forest, (ii) to identify success factors of
reintroduction based on the final stage type of rehabilitation
process (island and cage). The result will be an overview of
post-release monitoring in adult (aged 15-20 years ) female
orangutans.
MATERIALS AND METHODS
Study site
This research was conducted during July to September
2014, one-year post-release in the Kehje Sewen Ecosystem
Restoration Forest, (16'36" LU-140'48" LU; 1161'12"
BT-11628'12" BT). Kehje Sewen Ecosystem Restoration
Forest (IUPHHK-RE) – Ex-Mugitriman study site is
located in East Kalimantan and roughly 86,450 Ha in size,

inside a former area of HPH PT. Mugitriman
Intercontinental is located in the Sub-district of Muara
Wahau, District of East Kutai, East Kalimantan, Indonesia
±500 km from Samarinda City (Figure 1). Kehje Sewen
Ecosystem Restoration Forest has been disturbed by
logging activity, but a survey in 2008 found that 482 tree
species, 229 birds, 53 mammals, 24 amphibians and 15
reptiles species remained. There is still a high abundance of
orangutan food species (at least 104 tree species, 13 liana
species, 22 rattan species.
Research object
This study focused on four individual orangutans and
the background type of final stage rehabilitation process
(Table 1). Sarmi and Siwi were individual females of semiwild orangutans who went through the forest school
process and pre-release on the artificial island (Island 6, 2
ha) in Samboja Lestari Rehabilitation Center. Furthermore,
Wani and Leke were individual females of ex-captive
(confiscated) orangutans who went through the process
after the forest school, they returned (social cage, 10 m2)
for seven years without any pre-release stages.
The artificial island at the Samboja Lestari
Rehabilitation Center is a human-made island (including
vegetation and enrichment) used as pre-release area. It is
surrounded by a large ditch full of water barrier and
supported with food two times per day. The cage is a
building made of iron.
The island is an area of natural forest rehabilitation with
minimum support from humans, while the cage is a houselike building made of iron. Both places serve to hold the
orangutans until being released to nature. We recorded the
behavior of focal orangutans by Focal Animal Sampling
instantaneously sampled with a sample interval of 2 min
(Altman, 1974) and Ad Libitum that recorded all activities
outside the time interval.
We assessed daily activities by recording feeding,
moving, and resting. Whenever feeding occurred, we
recorded the food item consumed: fruit, leaf, cambium,
insect, and others: stem, pith, flower, soil, water. To
calculate the activity budgets and for comparison with data
from wild orangutans, we excluded the time spent feeding
on provisions. To evaluate nest-building abilities, we
counted all nests that were reused or newly built by each
individual (day and night nests). The rebuilding of already
existing nests occurred only three times during the
observation period, and we, therefore, did not include it in
the analysis.

Tabel 1. Individual, sex, age, origin, final stage of rehabilitation, time of release, start observation, and total observation hours
Individual
Siwi
Sarmi
Mona
Inge

Sex
Female
Female
Female
Female

Age
15 yr
19 yr
20 yr
15 yr

Final stage of rehabilitation
Four years artificial island
Four years artificial island
Seven years cage
Six years cage

Origin
Semi-wild
Semi-wild
Ex-captive
Ex-captive

Time of
release
13/10/2013
13/10/2013
13/10/2013
13/10/2013

Start
of observation
07/07/2014
14/09/2014
02/09/2014
07/07/2014

Total
observation
hours
70 hours
28 hours
84 hours
42 hours
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Figure 1. Map of Kehje Sewen forest, East Kalimantan, Indonesia

We also estimated the focal orangutan's vertical
position in the canopy every 2 min. To simplify recording,
we used intervals of 5 m (<1: location on the ground or
some substrate lying on the ground; 1+: location between 1
m and 4.99 m; 5+: location between 5 m and 9.99 m; etc.).
For comparability with other studies, we used standardized
published online (Morrogh-Bernard et al. 2002; van Schaik
and van Noordwijk 2003). We also assessed the home
range, started from the nest in the morning until the
individual made a nest for sleeping in the early evening.
Data analysis
Reintroduction success factor was measured based on
the data as the daily observation periods differed,
depending on the time the orangutans were active in the
forest. We calculated the time spent in each behavioral
category (foraging, moving, resting, etc.) as a percentage of
daily activity time in the forest. To analyze foraging
behavior in more detail, we calculated the time individuals
fed on the different food items as a percentage of individual
foraging time in the forest. To evaluate learning trends of
the individual orangutan, we investigated changes in food
choice and height use.
We compared the individual rates (%) of time spent
consuming different food items and the individual rates (%)
of time spent at different heights. To compare activity

budgets with those of wild conspecifics, we used data from
Danum Valey (Sabah) (Kanamori et al. 2010), low land a
mixed dipterocarp forest and the most suitable habitat on
Borneo for comparison. We compared our results to those
of sexually active females because these age classes were
the closest in age to the studied orangutans. We applied
nonparametric tests [Mann-Whitney U (MWU) tests] for
independent samples. Significance was set to a level of
p≤0.05, 2-tailed. Mapping and counting of the home range
were conducted by using GIS Arc View 3.3 software.
RESULTS AND DISCUSSION
Daily activities
The daily activity of reintroduction orangutans in Kehje
Sewen forest is presented in Figure 2. The daily activity
pattern of orangutans depends on the capacity of each
individual orangutan after one year of release. The four
female orangutan individuals that went through the final
stages of different rehabilitation processes showed
significant differences between Sarmi and Siwi (semi-wild,
artificial islands). The daily activities pattern of Sarmi
followed the wild orangutan behavioral pattern. The most
significant activity was feeding (57%), followed by resting
(24.04%). While Siwi's most significant activity was
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resting (64.67%) (Mwu-test: p <0.046) (Table 2).
Meanwhile, the pattern of Mona orangutan individual's
behavioral activity (ex-rehab, cage) tended to be high in
resting (58.86%).
Mona and Siwi spent most of their time resting since
they were less exploring the surrounding environment,
especially in the location of food sources. This caused most
of the individuals to dwell and observe the surrounding
area. Meanwhile, Inge (ex-rehab, cage) followed the wild
orangutan behavior pattern. i.e., spending most of her
activity for feeding (62.05%), followed by resting
(19.52%). Wild orangutans in the Danum valley have an
activity pattern of 47% feeding, 34% resting and 17%
moving (Kanamori et al. 2010).
Diet
Food utilization of the four orangutans was similar in
pattern, i.e., the fruits were the most consumed food
(64.54-88.62%), followed by young leaves, insects, and
other types of feed (umbut, pith, flower, soil, water)
(Figure 3). This finding is essential information for the
variations of the diet of the released orangutan. Fruit was
the type of food mostly consumed by wild orangutans in
the Danum Valley compared to other kinds of food
(Kanamori et al. 2010). Types of orangutan food plants
from all orangutan research stations in Sumatra and Borneo
comprised of 1,693 food plant species, including wild
mangosteen (Garcinia sp.), wild rambutan (Nephelium sp.),
Langsat (Baccaurea tetrandra), and also 16 species of
invertebrates, 4 types of vertebrates, and 7 food types of
other sources (Russon et al. 2009).
Table 2. The result of Mann Whitney test in the daily activity of
orangutan in Kehje Sewen forest, East Kalimantan, Indonesia
Individual

Feeding

Resting

Moving

Siwi
Sarmi
Mona
Inge

p=0.739>0.05

p=0.046<0.05

p=0.867>0.05

p=0.014<0.05

p=0.014<0.05

p=0.307>0.05

Figure 2. The proportion of daily activity of orangutan in Kehje
Sewen forest, East Kalimantan, Indonesia

Fruit was the type of food most consumed by these
reintroduced orangutans, which accounted for 64%
followed by other types of food, e.g., 10.5-12.5% young
leaves. The fruits consumed by the four orangutans were
from 25 species of plants. The plant consisted of lower
plants, Liana, Palmae, and Zingiberaceae. All of the
orangutan in this study primarily consumed fruit, and one
individual Inge, consumed fruit more than often than wild
orangutans in Danum Valley.
In addition to fruit, the other types of food mostly
consumed was young leaves, especially by orangutan
individual Sarmi who consumed young leaves entirely
without removing the undesirable portions. In contrast to
the way Sarmi consumed the young leaves; she consumed
the old leaves by removing and dumping the unwanted
parts. Thus, when the young leaves are small, the feeding
behavior of adult females will change by looking for other
alternative foods that are high in protein content such as
insects and other categories (Morrogh-Bernard et al. 2009).
The released orangutans used insects and other types of
feed, as part of their adaptation strategy to survive and
succeed in their natural habitat.
In addition to the young leaves, the orangutan
individuals Sarmi and Mona also utilized the cambium and
insects on their feeding activity (Mwu-test: p <0.014)
(Table 3). In adult females, the reproductive status affected
the selection of food by preferring insects, vegetation, and
other categories that are essential to provide nutritional
needs that cannot be supplied by bark and other food
categories (Delgado and van Schaik 2000; van Schaik
2006). The consumption of insects, vegetation, and other
food categories by orangutan Sarmi was the highest as
compared to other females because Sarmi ate ants every
day. This is possible because of the abundant availability of
insects and other types of feed that are unaffected by the
seasons, making it a valuable alternative food source for
the released orangutans when fruits are limitedly available.

Figure 3. The proportion of orangutan diet in Kehje Sewen forest,
East Kalimantan, Indonesia.
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Table 3. The results of Mann Whitney test in orangutan diet in Kehje Sewen forest, East Kalimantan, Indonesia.
Individual

Fruit

Leaves

Cambium

Insects

Other

Siwi
Sarmi
Mona
Inge

p=0.505>0.05

p=0.814>0.05

-

p=0.317>0.05

-

p=0.014<0.05

p=0.918>0.05

p=1.000>0.05

p=0.361>0.05

p=0.012<0.05

Nesting
Nesting behavior depends on the ability of each
individual orangutan. All the four orangutan individuals
had the same pattern of making new nests every day. Like
other great apes in Africa (gorillas, bonobos, and
chimpanzees), orangutans make sleeping nests on a daily
basis in different locations (Prasetyo et al. 2009).
Generally, the four females built a new nest, but it was also
observed that Siwi used a repaired nest (Figure 4).
However, Mona was found to reuse the old nest and not
make a new nest as much as 30% of the time. Orangutans
tended to make a stable nest of wind and avoid contact and
conflict with humans. In forest schools (during the
rehabilitation process), orangutans learned to live
independently in the forest, ranging from feeding
themselves to nesting on trees at night to avoid the threat of
predators and social interaction with other orangutan
individuals (Grundmann 2006).
Strata used
Another parameter used to determine the success of
adaptation is the ability to move on a tree. Generally, the
use of altitude on the four individual female orangutans
ranged from the ground level (0 m) to > 10 m (Figure 5).
The most frequently used elevations by Sarmi and Inge
individuals was at altitudes of > 10 m, while that for Siwi
and Mona was 0 to 5 m (p <0.001; Mwu-test) (Table 4).
Most of the released orangutans used altitudes of above 10
m, which was supported by the availability of fruits and
other types of feed at these altitudes. Individual orangutans
Sarmi and Inge sometimes went down from the trees (0-5
m) to consume pith and terrestrial insects or to drink water
from rivers. In addition to finding the feed, other activities
Sarmi and Inge did on the ground was walking and resting
on the ground floor. Trees that are high in nutrient content
are mostly located in the middle and upper forest strata
(Grundmann 2006). Activities of Sarmi and Inge are almost
resembling those as wild orangutans, i.e., by moving at
altitudes of > 10 m (Kanamori et al. 2010), and they were
rarely found in the height of <5 m.
Most orangutans are moving, feeding, and resting in the
trees. Orangutans move by brachiation, bipedal,
quadrupedal, and climbing. The ability to move and move
over the canopy is essential to finding and obtaining
feeding locations (Grundmann 2006). When orangutans
move on trees, they can also avoid the predator threat of
wild boar and leopard (Kanamori et al. 2012; Jule et al.
2008) and avoid soil bacteria and parasites (Grundmann et
al. 2006).

Table 4. The result of Mann Whitney test in strata used of the
orangutan in Kehje Sewen forest, East Kalimantan, Indonesia
Indi(0 m)
(< 5 m)
(5 – 10 m)
(> 10 m)
vidual
Siwi p=0.505>0.05 p=0.814>0.05
p=0.317>0.05
Sarmi
Mona p=0.014<0.05 p=0.918>0.05 p=1.000>0.05 p=0.361>0.05
Inge

Figure 4. The proportion of nesting of the orangutan in Kehje
Sewen forest, East Kalimantan, Indonesia

Figure 5. The proportion of height used orangutan in Kehje
Sewen forest, East Kalimantan, Indonesia
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Home ranges
Home range is another parameter used to determine the
success of adaptation. The home range of reintroduction
orangutans in Kehje Sewen forest is presented in Figure 6.
After one year from the release, Inge had the most
extensive home range, followed by Siwi, Sarmi, and Mona
in that order. Mona was doing a limited activity, only
exploring the surroundings of the release place.
Meanwhile, Siwi was more active exploring than other
orangutan individuals. Mona and Siwi rarely visited
feeding trees to eat and were only occasionally observed
resting and exploring. Siwi moved more frequently and
spent more time on the ground, making her range wider
compared to that of other orangutan individuals.
In addition, the ranges of Inge and Siwi were
crisscross and overlap. This is supported by observations of
Inge and Siwi visited feeding trees to eat and traveling
together. Within overlapping roaming areas, there will
usually be competition in defending their respective
domains. Competition between individual female
orangutans in dietary needs is influenced by different
ecological pressures and leads to the formation of
dominance (Singleton and van Schaik 2000). The home
ranges of Sarmi and Mona did not overlap, and they
utilized very little of the available area.

Exploration by orangutans is a strategy to find food
and for their survival, while the routine exploration within
a specific time will form the extent of the roaming area.
Orangutans will maintain their home range because the
area has a stable source of feed productivity or for the
benefit of reproduction (Singleton et al. 2009). Sarmi was
found actively visiting the feeding tree located near the
Camp, away from the place where they were initially
released. During September 2014, fruit and orangutan
season were more commonly found near Camp for feeding
and other social interactions. Orangutans chose and
maintained their home range in a particular habitat for the
reason that the habitat was more abundant in feed and also
for reproductive interest (Singleton et al. 2009).
Discussions
The method of release of BOSF (Borneo Orangutan
Survival Foundation) is a hard release, which means that
the orangutans were released directly at the release site
without any food support. This kind of release method
requires orangutans to adapt to the new existing
environment directly. The orangutans endured the new
environment by utilizing natural foods in the forest. The
HardBOS method was selected by BOSF because the
orangutan individuals had already gone through the forest
school program.

Figure 6. Map of home range orangutan in Kehje Sewen forest, East Kalimantan, Indonesia
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Orangutan Individuals Sarmi (19 years) and Siwi (15
years) are semi-wild orangutans placed on the island. After
one year of release, Sarmi behaved similarly to those of the
wild orangutans in the Danum Valley. Siwi, on the other
hand, spent more time resting. Individuals of semi-wild
orangutans who have undergone a final rehabilitation
process on the island had better adaptation capability than
those coming from cages. This is because the orangutans
on the island have already familiar with skills in living with
vegetation and enrichment in the artificial forest.
Alternatively, this would have happened because the island
is 2 ha area size and supported with food twice a day. Siwi
must share a space on the island with three other
orangutans, while Sarmi also shared space with five other
orangutans for four years. Thus they should be accustomed
to living on the island by utilizing the existing vegetation.
Orangutan Individuals Inge (15 years) and Mona (20
years old) who have an ex-rehab background after four
years of forest school, returned to the cage for seven years
before being released. After one year of release, Inge
behaved similarly to those of the wild orangutans in the
Danum Valley. The survival learning in the forest that was
acquired through forest schools can be seen in rehabilitated
orangutans by their use of natural foods present in forest
and nest-making skills. This is a result of the adaptation of
good behavior to individual rehabilitants orangutans (exrehab) to successfully survive in the forest. Meanwhile,
Mona spent more time resting as compared to wild
orangutans. The survival learning in forests through forest
schools was not understood and applied by Mona, as that
she spent more time resting and not making nests.
After one year from their release, only two of the four
female orangutans (Sarmi and Inge) spent more of their
time at the height of > 10 m. Meanwhile, Mona spent more
time on the ground looking for pits and insects (ants,
termites). In addition to finding food, they often did other
activities such as walking and resting on the ground.
Another parameter for determining the success of
adaptation is the ability to move on the tree, in addition to
their ability to climb into the center of the tree canopy and
move freely (Ashbury et al. 2015). The climbing height of
orangutans is influenced by the presence of food sources
and the ability to competently perform their activity on the
tree. Orangutans were often seen to spend time at a certain
height for comfort and reduce to fear (Grundmann 2006).
This study shows a pattern of adaptation after a year of
almost equal release between orangutans from the island
and orangutans from cages. Sarmi individuals (semi-wild,
island) and Inge (ex-captive, cages) behaved practically
similar to the wild orangutans in the Danum Valley.
Whereas Siwi (semi-wild, island) and Mona (ex-captive,
cage) had higher resting behavior than wild orangutans.
Moving behavior of all individual orangutans was almost
similar to that of the wild orangutans.
After one year, the released orangutans were able to
adapt well and to survive in the forest depending on the
background and ability of each individual orangutan. Each
orangutan has different levels of intelligence as well as the
ability to understand survival learning in the forest.
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Although the final stages of rehabilitation are the same, the
results will be different. Inge's (ex-captive, cage) behaviors
were consistent in learning, so she could adapt well, as
indicated by her patterns of activity and other supporting
behaviors that already resembled those of the wild
orangutans. Siwi (semi-wild, island) was also able to adapt
well, especially with the high time spent for resting.
Rehabilitant orangutans who can learn well in the forest
life may not leave human ways as well; they became
proficient in both ways of life (Russon and Galdikas 1995;
Snaith 1999).
In conclusion, there was a high similarity of diet of the
released orangutans and the wild orangutans, but there
were still differences in daily activity patterns, strata use,
and nesting behavior among individuals in each category
(semi-wild / ex-captive, island/cage), and the adaptability is
more influenced by each individual capability, rather than
the final stage of rehabilitation (island vs. cage). However,
as the number of individuals per category was minimal
(only two individuals per category), this conclusion cannot
be generalized.
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Abstract. Susanti R, Iswari RS, Fibriana F, Indriawati. 2018. The duck cytochrome oxidase I (COI) gene: Sequence and patterns
analysis for potential barcoding tool. Biodiversitas 19: 997-1003. The local duck DNA barcoding is still rarely conducted in Indonesia
while DNA barcoding is extensively used as a tool of species identification and delineation tool. This study aimed to analyze the
sequence and patterns of Central Javanese ducks mitochondrial cytochrome c oxidase subunit 1 (COI) gene. Feather samples of seven
breeds of native duck were collected from traditional husbandries in Central Java. The samples were employed for DNA extraction and
COI gene amplification. Five haplotypes were obtained from 35 samples, i.e., haplotype A, B, C, D, and E. Also, 9 variable sites with
synonym substitution was detected in four nucleotides number 55, 61, 100, and 109; whereas five synonym substitutions were identified
in the nucleotides number 36, 48, 51, 66, and 756. In conclusion, this study annotates that COI mtDNA gene is essential for local ducks
barcoding system.
Keywords: Central Javanese duck; COI gene; DNA barcode; native duck

INTRODUCTION
Cytochrome c oxidase is considered as the terminal
enzyme in the respiratory electron transport chain of
mitochondria. The enzyme works in the inner
mitochondrial membrane. Cytochrome c oxidase subunit I
(CO1, COI, CCOI, COX1 or MT-CO1) is one of three
mitochondrial DNA (mtDNA) encoded subunits of
respiratory complex IV. The complex IV is the third and
final enzyme of the electron transport chain of
mitochondrial oxidative phosphorylation. It catalyzes the
reduction of oxygen to water to generate the
electrochemical proton gradient across the membrane that
powers the production of ATP. The enzyme takes up four
electrons from the positively charged P side (outside) of the
membrane and four protons from the negatively charged N
side (inside) for the reduction of dioxygen to two water
molecules (Brändén et al. 2006).
The mitochondrial genome of animals is a better target
for analysis than the nuclear genome because of its lack of
introns, its limited exposure to recombination and its
haploid mode of inheritance (Saccone et al. 1999). Robust
primers also enable the routine recovery of specific
segments of the mitochondrial genome (Simmons and
Weller 2001). Past phylogenetic work has often focused on
mitochondrial genes encoding ribosomal, i.e., 12S and 16S
DNA. However, the use of the ribosomal DNA in broad
taxonomic analyses is quite difficult since there are
insertions and deletions (indels) which turn the sequence
alignments to be more complicated (Doyle and Gaut 2000).
In the animal mitochondrial genome, the 13 protein-coding

genes are considered as better targets since its indels are
rare, and most of the indels lead to a shift in the reading
frame (Zhang and Hewitt 1997). Usually, coding genes of
the mitochondrial DNA (mtDNA) are used for
phylogenetic studies to distinguish species (Moore, 1997),
whereas the COI (Cytochrome c oxidase subunit I) gene is
considered more suitable for interspecific population
studies (Hebert et al. 2003; Kerr et al. 2009). In fact, the
cytochrome c oxidase I gene (COI) has two significant
advantages for gene-based analysis. First, COI gene has the
robust universal primers which enable for recovery of its
59 ends from representatives of most animal phyla (Zhang
and Hewitt, 1997). Also, COI appears to pose a greater
range of phylogenetic signal than any other mitochondrial
gene. Based on Knowlton and Weigt (1998), the thirdposition nucleotides of COI show a high incidence of base
substitutions in common with other protein-coding genes. It
leads to a rapid rate of molecular evolution that is about
three times greater than that of 12S or 16S rDNA. This
gene has a rapid evolution rate to allow the discrimination
of not only closely associated species but also
phylogeographic groups within a single species (Cox and
Hebert, 2001; Wares and Cunningham, 2001).
MT-COI is a gene that is often used as a DNA barcode
to identify animal species because its mutation rate is often
fast enough to distinguish closely related species. It is also
because of its sequence which is conserved among
conspecifics. Contrary to the primary objection raised by
skeptics that MT-COI sequence differences are too small to
be detected between closely related species, more than 2%
sequence divergence is typically detected between such

998

B I O DI VE RS I T A S 19 (3): 997-1003, May 2018

organisms (Hebert et al. 2003), suggesting that the barcode
are effective. DNA barcoding serves as a new tool for the
taxonomist in supplementing their knowledge and also for
non-experts who want to make the quick identification.
In Indonesia, duck is one of poultry commodity which
less important in comparison with chicken. Duck only
represent 2.24% of the total poultry population. However,
duck still become one of important poultry commodity both
in small-medium scale poultry and commercial poultry
because of the high advantages of commercial business and
high nutrition for the human. As well as providing income
and feed to farmers, duck also helps as the natural predator
of insects and weeds in the rice-fields. Duck population in
Indonesia had been fluctuated, from 44.357.000 heads in
2012, decreased to 43.710.000 heads in 2013. In 2014, the
population increased to 45.268.000 heads, 45.322.000
heads in 2015, and then significantly increased to
47.360.000 heads in 2016 (Ministry of Agriculture
Republic of Indonesia 2016). Epidemiologically, the
domestic duck is believed to contribute as the reservoir of
HPAI H5N1 viruses in eastern Asia (Hulse-Post et al.
2005; Sims et al. 2005) and to be sources of outbreaks in
susceptible poultry (Gilbert et al. 2006; Sturm-Ramirez et
al. 2005). The uniqueness of duck role in the ecosystem
needs the effort of germplasm conservation by genetic
characterization. The local duck species information is
essential, especially the information on the genetic
characteristics to prevent the species extinction. Genetic
diversity is not only a direct benefit to livestock, but the
success of livestock breeding can also be employed as a
model for other species (Sponenberg 2000). COI is proving
highly effective in identifying birds, butterflies, fish, flies
and many other animal groups. However, there are only a
few data of COI of Indonesian duck for barcoding purpose.
Therefore, this study explores the mitochondrial nucleotide
DNA gene encoded COI of Central Javanese duck
including the analysis of its sequence and patterns for
potential barcoding system.
MATERIALS AND METHODS
Duck samples
Seven breeds of Central Javanese duck, Indonesia,
namely Magelang duck (SSU-M), Pekin duck (SSU-PK),
Pengging duck (SSU-PG), Tegal Branjangan duck (SSUTBr), Tegal Jarakan duck (SSU-TJ, Tegal Blorong duck
(SSU-TB), and Tegal Lemahan duck (SSU-TL) were used
in this study. Five samples of each breed were collected for
its feathers with the follicle. The feather samples were
collected from the right and left wings. Total samples of
this research were 35 heads.

USA). The extraction kit employed for DNA isolation was
gSYNC™ DNA (Geneaid Biotech Ltd., Taiwan).
COI gene amplification
COI gene amplification was performed using KAPA 2G
HotStart Ready Mix Kit (Sigma-Aldrich, USA) with the
composition of the 12.5ul ready mix; 1.5 ul of forward
primer; 1.5 ul of reverse primer, 7.5 ul of ddH2O, and 2.0
ul of DNA samples. Forward and reverse primers were
obtained from Alpha DNA (Alpha DNA, Canada). Primers
used refers to Hebert et al. (2003) using forward primer
BirdF1 (5’-TTCTCCAACCACAAAGACATTGGCAC-3
‘and
reverse
primer
BirdR1
5’ACGTGGGAGATAATTCCAAATCCTG-3'.
PCR
program was set for (1) pre-denaturation at 94 °C for 1
minutes; (2) five cycles of denaturation at 94 °C for 1 min,
annealing at 45 °C for 1.5 min, and extension at 72 °C for
1.5 min; (3) 30 cycles of denaturation at 94 °C for 1 min,
annealing at 51 °C for 1.5 min, and extension at 72 °C for
1.5 min; and (4) final extension at 72 °C for 5 minutes.
Next, the PCR results were visualized using 1.2% agarose
gel. Agarose powder used was A9539 SIGMA Agarose
BioReagent (Sigma-Aldrich, USA). The expected PCR
product was 746 bp. The PCR products were purified using
QIAquick PCR Purification Kit (Qiagen, Germany) to
ensure the absence of contamination. The results were then
sequenced using dideoxy termination method with ABI
automatic sequencer (Applied Biosystems, USA) by 1st
BASE Pte. Ltd. (Singapore) via PT. Genetika Science
Indonesia.
Statistical analysis
The sequences were aligned using ClustalW of
Molecular Evolutionary Genetics Analysis (MEGA)
software version 6.06. The nucleotide sequence of COI
gene was analyzed using Basic Local Alignment Search
Tool (BLAST) NCBI to determine their homology with the
GenBank data. Identical sequences were considered as the
same haplotype. All haplotype species of COI gene of
Central Javanese duck included in Genbank data.
Nucleotide sequences of COI gene of mtDNA from Central
Javanese duck in this research together with other Anas
isolates from Genbank were aligned with ClustalW of
MEGA-6.06 program (Tamura et al. 2013). Estimation of
genetic distance and phylogenetic tree construction were
analyzed with Neighbor-Joining method and calculation of
distance matrix with Kimura 2-parameter model, and the
bootstrap value was 1,000. At the same time, the complete
sequences of Anas platyrhynchos and another Anas species
from GenBank were selected as controls.
RESULTS AND DISCUSSION

DNA extraction
The feather samples used for DNA extraction was only
the part of calamus and the rachis including its proximal
umbilicus which is filled with marrow. The quality and
concentration of extracted DNA were determined by 0.8%
agarose gel electrophoresis and a spectrophotometer using
the NanoDrop 2000C (Thermo Scientific, Waltham, MA,

COI gene amplification
PCR results of COI gene of local ducks are shown in
Figure 1. Based on this visualization, the COI gene of
Central Javanese duck was successfully amplified by using
BirdF1-BirdR1 primers. All samples show 746 bp PCR
product with clear and bold DNA band which indicates the
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optimal PCR conditions were achieved and the process was
conducted properly. Then, the 746 bp fragment of the COI
region was sequenced.
COI gene sequence analysis
Online BLAST analysis indicated that all duck sample
in this research had a 99-100% homology with duck COI
gene of Anas platyrhynchos (GenBank Accession Number
KJ778676.1 and KJ833586.1). The Basic Local Alignment
Search Tool (BLAST) finds regions of local similarity
between protein or nucleotide sequences. Moreover, the
program compares nucleotide or protein sequences to the
sequence in a database and calculates the statistical
significance of the matches (Wheeler and Bhagwat 2007).
COI sequence on the database (Access Code KJ778676.1
and KJ833586.1) different 1% with COI sequence sample
in this research due to mutation.
Multiple alignments obtained were 733 nucleotides at
position 32 to 764 at the 5 'end. A total number of 9
variable sites were identified. Out of the nine polymorphic
sites, all were caused by transitions or transversions. No
deletion and insertion mutation. All haplotype of Central
Javanese local duck has the substitution of C48T, T51C,
and C758T. Based on these polymorphic sites, all samples
show five haplotypes (Table 1). The sequence alignment
reveals a low intraspecific variation within duck. Compared
to the D-loop gene, the COI gene of Javanese duck show
only a few polymorphic sites and haplotypes formed. The
analysis of 718 nucleotides from D-loop genes in 35
samples of Central Javanese duck showed 32 polymorphic
sites and 23 haplotypes (Susanti et al. 2017). Based on
Table 1, it can be seen that the types of ducks that show
variations are 2 Tegal Branjangan ducks (haplotype B and
E) and 2 Pekin duck (haplotype C and D).

999

Nucleotide sequences of COI duck genes coexisted with
Anas platyrhynchos (GenBank Acc Number KJ778676.1),
243 codons from 12-254 were identified. Also, the varied
number of synonym codons and non-synonym substitutions
were identified for each haplotype as shown Table 2. Five
synonym substitution (nucleotides number 36, 48, 51, 66,
756) and 4 non-synonym substitutions (nucleotides number
55, 61, 100, 109) of 9 polymorphic sites were identified.
The four non-synonym substitutions show mutations in the
amino acids; L19V, L34I, L21I, and L37V; whereas all
non-synonym substitutions were present in 4 haplotypes
(B, C, D, and E) each consisting of 1 duck. While 31 other
duck samples represent haplotype A, only experienced four
non-synonym substitutions only.
Reconstruction of phylogenetic trees of Central
Javanese ducks with another Anas forms two clusters as
presented Figure 2. In this study, phylogenetic analysis
based on partial COI sequences (total consensus sequences
is 733 bp) show that all Central Javanese duck haplotypes
were found in the same cluster with already reported Anas
platyrhynchos and Anas poecilorhyncha (Figure 2). Like
the phylogenetic tree constructed for COI, the Central
Javanese ducks and other Anas platyrhynchos species are
not separated in the different cluster.
Genetic distance in this study was analyzed using the
Pairwise Distance Calculation (Tamura et al. 2013).
Nucleotides of Central Javanese duck COI mtDNA were
aligned with the other Anas spp species in the world, i.e.,
Anas platyrhynchos (KJ778676.1; KJ833586.1, and
KJ883269.1),
Anas
poecilorhyncha
(JN703241.1;
JN703235.1), Anas acuta (DQ432717.1; JN703181.1), and
Cairina moschata (DQ432792.1; JX166610.1) as out of the
group. Genetic distances ranging from 0:00 to 0.131 (Table
3).

Figure 1. PCR amplicon of COI gene on all types of central Javanese ducks DNA samples shows 746 bp in length product in 1.2%
agarose gel with 1Kb DNA ladder
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Table 1. The identified haplotype of the mitochondrial COI sequence polymorphism in seven types of Central Javanese duck.
Type of Central Javanese Duck
KJ778676.1
Tegal Blorong duck -1 (SSU-TB1)
Tegal Blorong duck -2 (SSU-TB2)
Tegal Blorong duck -3 (SSU-TB3)
Tegal Blorong duck -4 (SSU-TB4)
Tegal Blorong duck-5 (SSU-TB5)
Tegal Branjangan duck-1 (SSU-TBr1)
Tegal Branjangan duck-2 (SSU-TBr2)
Tegal Branjangan duck-3 (SSU-TBr3)
Tegal Branjangan duck-4 (SSU-TBr4)
Tegal Branjangan duck-5 (SSU-TBr5)
Tegal Jarakan duck-1 (SSU-TJ1)
Tegal Jarakan duck-2 (SSU-TJ2)
Tegal Jarakan duck-3 (SSU-TJ3)
Tegal Jarakan duck-4 (SSU-TJ4)
Tegal Jarakan duck-5 (SSU-TJ5)
Tegal lemahan duck-1 (SSU-TL1)
Tegal lemahan duck-2 (SSU-TL2)
Tegal lemahan duck-3 (SSU-TL3)
Tegal lemahan duck-4 (SSU-TL4)
Tegal lemahan duck-5 (SSU-TL5)
Magelang duck-1 (SSU-M1)
Magelang duck-2 (SSU-M2)
Magelang duck-3 (SSU-M3)
Magelang duck-4 (SSU-M4)
Magelang duck-5 (SSU-M5)
Pekin duck-1 (SSU-PK1)
Pekin duck-2 (SSU-PK2)
Pekin duck-3 (SSU-PK3)
Pekin duck-4 (SSU-PK4)
Pekin duck-5 (SSU-PK5)
Pengging duck-1 (SSU-PG1)
Pengging duck-2 (SSU-PG2)
Pengging duck-3 (SSU-PG3)
Pengging duck-4 (SSU-PG4)
Pengging duck-5 (SSU-PG5)

Haplotype
KJ778676.1
A
A
A
A
A
A
B
E
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
C
D
A
A
A
A
A
A
A
A

Nucleotide polymorphism
36 48 51 55 61 66 100 109
T C T C C C
C
C
C T C
C T C
C T C
C T C
C T C
C T C
C T C G
C T C G G
G
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C
G T C G
T
C T C
A
C T C
C T C
C T C
C T C
C T C
C T C
C T C
C T C

756
C
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

Figure 2. Neighbor-joining (NJ) tree with 1000 bootstrap replication for Central Javanese duck and other Anas spp breeds from
GenBank based COI gene
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Table 2. Synonym and non-synonym substitution in mitochondrial COI gene of central Javanese duck in this study
Haplotype
Haplotype A
Haplotype B
Haplotype C
Haplotype D
Haplotype E

Number of
codons
243
243
243
243
243

Number
substitution
4
5
6
5
7

Number of synonym
substitution
4
4
5
4
4

Number of nonsynonym substitution
0
1
1
1
3

Amino acids
substitution
0
L19V
L19V
L34I
L19V, L21I, L37V

Table 3. Results of pairwise distance calculation
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Haplotype A
Haplotype B
Haplotype C
Haplotype D
Haplotype E
Anas platyrhynchos KJ778676.1
Anas platyrhynchos KJ833586.1
Anas platyrhynchos KJ883269.1
Anas poecilorhyncha JN703235.1
Anas poecilorhyncha JN703241.1
Anas acuta DQ432717.1
Anas acuta JN703181.1
Cairina moschata DQ432972.1

1
0.000
0.000
0.000
0.002
0.002
0.000
0.000
0.000
0.002
0.000
0.064
0.064
0.129

2

3

4

5

6

7

8

9

0.000
0.000
0.002
0.002
0.000
0.000
0.000
0.002
0.000
0.064
0.064
0.129

0.000
0.002
0.002
0.000
0.000
0.000
0.002
0.000
0.064
0.064
0.129

0.000
0.003
0.002
0.002
0.002
0.003
0.002
0.066
0.066
0.131

0.000
0.002
0.002
0.002
0.003
0.002
0.066
0.066
0.131

0.000
0.000
0.000
0.002
0.000
0.064
0.064
0.129

0.000
0.000
0.002
0.000
0.064
0.064
0.129

0.000
0.002
0.000
0.064
0.064
0.129

0.000
0.002
0.065
0.065
0.127

Discussion
Cytochrome c oxidase enzyme is a small, highly
conserved, and heme-containing bifunctional protein. It has
been studied extensively, not only for its role in electron
transport, but also for its role in apoptosis, it releases from
the mitochondria in response to specific apoptotic stimuli
(Wang, 2001). Cytochrome c oxidase is an oligomeric
enzymatic complex located in the inner membrane of
mitochondria. Cytochrome c oxidase consists of three large
primarily catalytic subunits encoded by the mtDNA and 10
smaller subunits encoded by nuclear genes. The nuclearencoded subunits are thought to modulate enzyme function.
In vertebrates, cytochrome c oxidase is composed of 13subunits, and a further 30 proteins are required for proper
cytochrome c oxidase assembly (Boopathi et al. 2004). In
eukaryotes, this enzyme complex is located in the inner
membrane of mitochondria. It is considered to be a major
site of mitochondrial oxidative phosphorylation regulation.
This rate-limiting enzyme is also implicated in the
production of reactive oxygen species (ROS) under
oxidative stress conditions (Lee et al. 2001; Lee et al. 2002;
Vijayasarathy et al. 2003).
GenBank aims for comprehensive coverage of genomic
diversity of both micro and macro-organism, and the GBS
database aims for taxonomic coverage of just a single gene
like COI. Principally, the COI database could serve as the
basic reference for a global bioidentification system (GBS)
for animals. Through web-based delivery, this system
could provide easy access to taxonomic information, a
particular benefit to developing nations. Once established,
this microgenomic identification system will overcome the

0

11

12

13

0.000
0.064 0.000
0.064 0.000 0.000
0.129 0.134 0.134 0.000

deficits of morphological approaches to species
discrimination: the bounds of intraspecific diversity will be
quantifiable, sibling species will be recognizable,
taxonomic decisions will be objective, and all life stages
will be identifiable.
Conceptually, any consistent, nonzero sequence
variation that distinguishes two species should work as a
DNA barcode. Furthermore, DNA barcodes do not require
any demonstration of the homology of mutations as would
be needed in a phylogenetic marker. In other words, low
levels of divergence may be sufficient to distinguish among
species even if not adequate to estimate phylogenetic
relationships. Relative to CO1 in animals, the mean
divergence level between species in plants is usually quite
low (Kress and Erickson 2007; Shaw et al. 2007).
In resolving such cases of late divergence, it is probable
that COI might be matched by other mitochondrial genes
since this gene tends to provide deeper phylogenetic
insights than alternatives such as cytochrome b (Simmons
and Weller 2001). This is due to its slower amino-acid
sequence occurrence any other than mitochondrial gene
(Lynch & Jarrell, 1993). As a result, by examining aminoacid substitutions, it may be possible to assign any
unidentified organism to a higher taxonomic group (e.g.,
phylum, order), before examining nucleotide substitutions
to determine its species identity.
Based on the COI sequences and the NJ tree, this study
noted Anas species with identical haplotypes such as A.
platyrhynchos and A. poecilorhyncha. In fact, the
hybridization plays a significant role in confounding
phylogenetic relationships (Lavretsky et al. 2014).
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However, there is a lack of documentation for fertile
hybrids formed between A. platyrhynchos and A.
poecilorhyncha individuals, A. platyrhynchos is known to
hybridize with the Chinese Spot-billed Duck A.
zonorhyncha, the Indian Spot-billed Duck’s eastern
counterpart (Kulikova et al. 2005). Upon Random
Amplified Polymorphic DNA analysis, a study by
Kulikova et al. (2003) reported low genetic differentiation
between A. platyrhynchos and A. poecilorhyncha.
In Indonesia, the people have a high demand for the
duck egg. The common local duck species have 100-125
eggs production per year. Ducks for meat production are
commonly obtained from Pekin duck (Anas domesticus),
Muscovy duck (Cairina moschata) and the hybrid of
Muscovy duck with common duck (Anas platyrhynchos)
so-called as Blengong or Tiktok and internationally known
as Mule Duck. When Muscovies and common ducks are
allowed to mate naturally, the fertility rate is usually
meager, the offspring are sterile and cannot be used for
breeding. Therefore, sometimes, those ducks are employed
for dual purposes as the meat producer and egg producer.
Also, to fulfill the demand, the dual purpose is also applied
in Pekin ducks from Australia and the hybridization of
Indian Runner ducks (laying) with the white Khaki
Campbell duck (Sexton 2013; Ipek and Sozcu 2017). Then,
the traditional duck farmers maintain and domesticate the
Pekin duck in their husbandry. Sometimes they mix the
local duck with Pekin duck and the hybridization between
this species is unavoidable. The farmer like to maintain this
kind of husbandry method since they think that by
hybridization, the viable offspring will be better than the
original one. Steczny et al. (2017) study showed that Pekin
duck average bodyweights both for males and females
weight increased with age up to 49 days old. Moreover, the
daily weight gains were higher in males than in females
with the highest value was noted between 22 and 35 days
old, and the lowest until 21 days of growth.
Tegal duck is a species of ducks with rapid egg
production. Tegal duck is a local name for the duck in one
city/district area in Central Java but is very commonly used
by all farmers in Java Island. This duck can go through
long distances when herding from one area to other areas,
has a vertical body shape like a bottle with height 45-50
cm. Common color of Tegal duck is browny, or many
brown spots or so-called as branjangan with some
variation of color as reddish with the black color of beak
and feet (Hidayati et al. 2016).
In this study, local duck Anas platyrhynchos with 7
different breeds were employed as the sample which based
on the morphological characteristics, the fur color and level
of production are different. Based on the polymorphism
analysis on COI mtDNA sequences produced 5 haplotypes;
whereas the nucleotide sequence analysis of COI mtDNA
identified 9 variable sites. The haplotypes indicate the low
diversity of these ducks based on the COI gene where COI
serves as the identity/barcode of duck species. In
comparison with the ducks D-loop genes, the diversity of
duck species shows 23 haplotypes (Susanti et al. 2017).
COI can serve as a barcode if the variation is very small
within species. The variations in all ducks in this study

were based on the nucleotide variation of the COI gene. In
fact, the different nucleotides are only at 9 sites; all were
caused by substitution and no deletion or insertion
mutation. Of the 9 substitutions, only 4 are nonsynonymous substitutions (nucleotide substitution followed
by amino acid substitution). Non-synonym substitution was
detected in four sequences (55, 61, 100, and 109 nucleotide
number); whereas synonym substitution was identified in
five sequences nucleotides number 36, 48, 51, 66, and 756.
The change of 4 amino acids is not necessarily followed by
changes in the structure and function of COI protein. COI
enzymes are enzymes involved in the oxidative
phosphorylation process. Thus, amino acid changes in the
COI gene have no implications for the duck phenotype.
This feather color difference, not due to the variation of the
nucleotide of COI gene.
The results indicate that COI gene is likely to be
utilized as a barcoding system on local duck (Anas
platyrhynchos). Furthermore, a gene region could be
classified as a DNA barcode after accomplishing three
criteria: (i) include significant genetic variability and
divergence of species-level, (ii) in terms of wide taxonomic
application, the development of universal PCR primers
should have conserved flanking sites, and (iii) possess an
adequate length of sequence in order to facilitate present
skills of DNA extraction and amplification. The COI gene
information of Central Javanese ducks has great
importance for the barcoding system, and also for quick
identification. Moreover, it is useful for the conservation,
utilization, and future breed conservation strategy of local
ducks. This study remarks that COI mtDNA gene is
important for local ducks barcoding system.
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Abstract. Sudrajat DJ, Suwandhi I, Siregar IZ, Siregar UJ. 2018. Variation in seed morpho-physiological and biochemical traits of Java
olive populations originated from Java, Bali, Lombok, and Timor Islands, Indonesia. Biodiversitas 19: 1004-1012. Java olive (Sterculia
foetida L.) is one of the promising non-edible feedstocks for biodiesel production. Utilization of this tree species for plantation is limited
due to knowledge gaps in many fundamental aspects of seed properties. The aim of the study was to determine the variation that may
exist among java olive seed collected from Bogor, Palimanan, Tuban, Gilimanuk, Pemenang and Naioni populations, and to analyze
correlations between one or many seed morpho-physiological and biochemical traits. Analysis of variance showed significant
differences of seed morphological and biochemical traits, except for the germination capacity. Seed morphological traits were not
significantly correlated with agro-climate factors, while some of biochemical traits revealed significant correlation with some agroclimate factors. Genotypic variance and genotypic coefficient of variation were higher for fruit length, fruit width, carbohydrate, fat,
protein and oil contents, indicating higher genetic contribution on the variance of these traits. High heritability values combined with
high genetic gain was found for protein content, fruit width and oil content, that revealed the characters having highly genetic origin
with a good number of heritable components. Population clustering exhibited that most of the geographically distant population are
genetically related. Pemenang population was found highly associated with oil content, indicating that the population have high potency
to develop as the feedstocks for for biodiesel production.
Keywords: Sterculia foetida, biodiesel, genotypic, heritabilitas, oil content, phenotypic

INTRODUCTION
The diminishing supply of fossil fuels reserves and the
growing environmental concerns have made renewable
energy an attractive alternative source for the future
(Demirbas 2009; Mahanta and Shrivastava 2011; Atabani
et al. 2013). Biodiesel is a promising alternative fuel and
can make a substantial contribution to the future energy
demands of the domestic and commercial economies
(Silitonga et al. 2013). Some forest tree species have been
found to be suitable species for biodiesel and one of the
most prospective is java olive (Sterculia foetida L.) that
produced about 200-350 kg of seed per plant annually
(Munarso 2010) with a total oil content of about 34%
(Kirtikar and Basu 1999). Moreover, the properties of the
produced java olive oil methyl esters and all the measured
properties are within the limits of ASTM D 6751 and EN
14214 specifications (Silitonga et al. 2013), and from
emission and combustion characteristics, java olive methyl
ester oil closely followed the standard of diesel oil (Devan
and Mahalakshmi 2009). Engine running with biodiesel
from java olive seed as fuel is 14.2% higher efficient than
diesel fuel due to low frictional losses (Rao et al. 2015).
Therefore, java olive oil is one of the promising non-edible

feedstocks for biodiesel production.
Java olive is a large, straight, deciduous tree which can
grow up to 40 m in height and 3 m in girth (diameter of
trees is around 100-120 cm) (Vipunngeun and Palanuvej
2009). It is a wild plant and well adapted to tropical and
subtropical area (30° North Latitude to 35° South Latitude).
In Indonesia, the species is distributed on almost all
islands, and it is often found in primer and secondary
forest, rocky and sandy areas, and coastal areas (Lemmens
et al. 1995). Java olive has good adaptability to variety of
soil, but probably needs soils with sufficient moisture for
optimum development (Orwa et al. 2009). The plant has an
average life span of more than 100 years (Munarso 2010).
The species produces timber for light constructions and
various parts have bioactive compounds for medicine
(Orwa et al. 2009) and insecticide properties (Orwa et al.
2009; Rani and Rajasekharreddy 2009).
Cultivation of java olive in Indonesia is still limited and
only planted as garden filler plants and hedges (Lemmens
et al. 1995). However, to increase the plantation area and
biodiesel production, it is important to domesticate the
species initiated by identifying suitable genotypes or
populations of java olive bearing high oil-yielding seeds,
including information of morphological, physiological, and
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biochemical characteristics of java olive seeds across wide
range of populations. Population variation with respect to
seed morphophysiological and biochemical traits has been
studied in many species and locations, such as Garcinia
kola in Cameroon (Kanmegne et al. 2010), Pinus
wallichiana in India (Rawat and Bakshi 2011), Jatropa
curcas in West Nusa Tenggara (Santoso 2011), Cedrus
deodara in Jammu and Kashmir (Mughal and Thapliyal
2012), Pongamia pinnata in India (Kumari et al. 2013),
and Anthocephalus cadamba in Indonesia (Sudrajat,
2016). In several tree species, significant correlations have
been shown to exist between specific seed attributes and
specific environmental and geo-climate factors (Ghildiyal
et al. 2009; Tauchen et al. 2011). Such correlations help to
identify the environmental factors influencing plant
physiology and morphology.
Morphological traits are useful for preliminary
evaluation because they facilitate fast and simple evaluation
and can be used as a general approach for assessing genetic
diversity
among
morphologically
distinguishable
accessions (Čolić et al. 2012). Morphological traits
combined with physiological and biochemical traits were
commonly applied for characterization accessions or
populations (Kumari et al. 2013). With respect to java
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olive, there are still lack of baseline information on many
important traits such particularly as morpho-physiological
and biochemical traits. The objective of this study was to
determine the variability of morpho-physiological and
biochemical traits of java olive seeds from 6 populations, to
analyze the correlation among traits, and to identify the
most useful variables for discrimination among
populations, and finally to detect relationships among
populations. The study will help selection criteria for
characters of interest within population traits as they are
necessary for further genetic improvement program.
MATERIALS AND METHODS
Materials
Seeds originating from six populations were preidentified covering distribution areas of java olive in
Bogor, Palimanan (West Java), Tuban (East Java),
Gilimanuk (Bali), Pemenang (West Nusa Tenggara) and
Naioni (East Nusa Tenggara). The information of
geographic origin of seed collection locations were shown
in Figure 1 and Table 1.

Table 1. Geo-climate origin of the studied populations
Geo-climate characteristics

Bogor,
West Java
6°35’43”
106°48’09”
260
3500
26
83

Latitude (S)
Longitude (E)
Altitude (m asl)
Precipitation (mm/year)
Temperature (°C)
Relative humidity (%)

1

2

Palimanan,
West Java
6°41’50”
108°24’18”
20
2300
26.7
77

3

4

5

Population
Tuban,
Gilimanuk,
East Java
Bali
6°55’04”
8°11’16”
112°02’50”
114°26’29”
42
10
2600
1559
27.1
27.2
74
73.9

Pemenang,
Lombok
8°24’09”
116°06’22”
17
1722
27.2
74

Naioni,
Timor
10°15’19”
123°36’05”
230
1290
27.4
73

6

Figure 1. Samples distribution of Java olive in southern Indonesia. 1. Bogor (West Java), 2. Palimanan (West Java), 3. Tuban (East
Java), 4. Gilimanuk (Bali), 5. Pemenang (West Nusa Tenggara), 6. Naioni (East Nusa Tenggara)
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Seeds at each of the location were collected from 10
average trees found about 50 m apart from each other in
order to avoid family structure due to relatedness or
inbreeding events. Seed processing was carried out in
laboratory of seed technology, Forest Tree Seed
Technology Research and Development Center, Bogor.
Soil samples were taken from 20 cm depth from each site.
Soil pH, soil texture, soil nutrients, base saturation, and
cation exchange capacity were analyzed at Soil and Plant
Nutrition Laboratory, SEAMEO BIOTROP, Bogor.

differences between populations. Linear correlation
coefficients (Pearson) at 5% level of significant were
calculated among the studied characters and agro-climate
factors (latitude, longitude, altitude, precipitation,
temperature and relative humidity). Genotypic (GV),
phenotypic (PV) and environmental variances (EV) were
calculated using the following equations according to
Burton (1952).

Morpho-physiological data
The sampling method and design were the same for
each population site. From each population, 200
undamaged fruits were randomly collected and measured
for length and diameter of fruits (Rawat and Bakshi 2011).
The seeds were extracted manually by cutting in half of
fruits. The number of seed per fruit was counted. Equal
weights of seeds composed the samples from individual
trees, and seeds were bulked by population for the
experiments. The seeds were dried in room condition
(temperature 25-30º C, relative humidity 70-80%) for 4-5
days before measurement (Sudrajat et al. 2011). One
hundred and fifty (150) seeds from each of populations
were measured for their length and width using a digital
caliper. The same sample was also used to determine seed
weight using weight digital scale (AR3130, Ohaus). Seed
moisture content was determined by the constanttemperature oven method at 103±2° C for 17 hours (ISTA
2012).
Seed germination studies were carried out in
greenhouse conditions (temperature 29-34° C, relative
humidity 60-75%) using sand media with four replications
of 100 seeds from each population. Seeds were treated by
soaking in water for 24 hours before sowing, and then
seeds were buried in the sand media in about 2/3 part of the
seed. A seed was considered to be germinated when a pair
of leaves developed. Germination was assessed every 24
hours for 21 days, and data were recorded for germination
capacity.

Where: Mt = mean square for treatments, Me = mean
error variance, and r = number of replicates.
Phenotypic
(PVC),
genotypic
(GVC),
and
environmental coefficients of variation (ECV) were
calculated by using the formula as suggested by Burton
(1952):

Biochemical data
The total crude oil content was determined using
manual hot press hydraulic (Sudradjat et al. 2010;
Handayani et al. 2015) at temperature 70°C for 1 hour.
Pressing process was conducted two time to produce
maximum yield. The oil produced by the process was
weighed to measurement of oil content. For biochemical
traits, two grams (2.0 g) of the seed sample were weighed
and prepared for crude fat and protein analysis. Crude fat
was determined based on the Soxhlet extraction method of
AOAC (1990). Crude protein content was calculated using
the Kjeldahl method. Total percentage carbohydrate was
determined by the different method as reported by Onyeike
et al. (1995).
Stastistical analysis
Seed morpho-physiological and biochemical traits were
analyzed by using SPSS (version 21) for analysis of
variance and Duncan multiple range test to determine the

GV = (Mt-Me)/r; PV = GV + Me; EV = Me

PCV = √PV/x; GCV = √GV/x; ECV = √EV/x
Where: x = population mean for each trait
Heritability in broad sense (H2B), the ratio of genetic
variance to the total phenotypic variance, was estimated as
suggested by Allard (1999). Genetic advance (GA) is the
expected increase in the magnitude of a particular character
when a selection pressure of chosen intensity (i) is applied.
GA = GV/ PV × i × √PV
Where: i = selection intensity (2.06)
Genetic gain (GG) expressed in percentage of mean
was computed by using the formula given by Johnson et al.
(1955). Hierarchical cluster analysis was used to explain
the pattern of variation among the populations based on
morpho-physiological and biochemical traits (Tomsone et
al. 2012). Bi-plot analysis (Mustafa et al. 2015) was used to
identify the performance and to cluster the java olive
populations based on oil content and some key of seed
morphological traits and geo-climate factors using SPSS
(versi 22) for categorical principle component analysis.
RESULTS AND DISCUSSION
Variation of morphophysiological and biochemical
traits
There were significant (P<0.05) differences in all of the
morphological traits of fruit and seed of the populations.
Bogor population showed higher values in all observed
traits of fruit and seed morphological fruits (fruit length,
fruit width, number of seed per fruit, seed length, seed
width, and seed weight) (Table 2). Larger seed possibly
due to a longer growing season (Totland and Birks 1996)
and higher soil nutrition in Bogor population habitat (Table
3). Some studies reported a tendency for larger seed in
drier habitats (Sorenson and Miles 1978; Stromberg and
Patten 1990). The variation in fruit and seed traits among
populations is probably due to influence of different
intensities of natural constraints and also genetic factors.
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Significant variations in fruit and seed morphological traits
were also reported in other studies, viz. Pinus wallichiana
(Rawat and Bakshi 2011), Cedrus deodara (Mughal and
Thapliyal 2012), Pongamia pinnata (Kumari et al. 2013),
Jatropha curcas
(Khadidiatou et al. 2013) and
Anthocephalus cadamba (Sudrajat 2016).
Physiological seed trait (germination capacity) was not
significantly different among populations indicating all
populations had relative similar physiological trait with
germination capacity ranged between 76.3-88%. On the
other side, all biochemical seed traits differed significantly
(P<0.05) among populations. Bogor population provided
the highest moisture content (29.5%) and carbohydrate
(14.90%), while for fat content, Naioni population resulted
the maximum value (34.52%) followed by Pemenang
population (33.87%). The protein content was recorded
maximum in Naioni population (15.20%) followed by
Gilimanuk population (14.40%). The mean oil content
varied from 17.54% (Bogor population) to 27.53%
(Pemenang population) among the populations (Table 2).
According to Sudradjat et al. (2010), oil content of java
olive seed is about 25.5%, lower than the seed oil content
from Pemenang and Naioni populations in this study. Kale
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et al. (2011) reported the higher total oil of java olive seed
that is about 32.4% on seed moisture content 9.2% and
even Kirtikar and Basu (1999) stated that the oil content
could reach 34%. The lower oil content in this study could
be caused by the high seed moisture content (17.1-29.5%)
and less effective of press manual hydraulic device to
extract oil from the seeds. Sudradjat et al. (2010)
recommended the extruder press mechanisms device to
extract maximally seed oil content.
Fat was the highest biochemical composition (30.32%)
followed by oil (23.04%), carbohydrate (12.84%), and
protein (12.84%). Kavitha et al. (2015) reported the similar
result that java olive seeds were rich in fat (30-36%) and
protein 11.4%. Bureau of Plant Industry (BPI, 2010) also
reported that the main compositions of java olive seeds are
fats and protein which are 51.78% and 21.61%
respectively. Variation in seed biochemical traits
(carbohydrate, protein, fat) were observed in Pongamia
pinnata (Jiang et al. 2013; Kumari et al. 2013) and
Jatropha curcas ( (Kumar and Singh 2014). The seed
biochemical contents in the selected genotypes also
indicate towards some promising candidates for
development and utilization in large scale plantation drives.

Table 2. Morphological traits of java olive fruit and seed from 6 populations
Populations
Bogor
Palimanan
Tuban
Gili Manuk
Pemenang
Naioni

Fruit length
(cm)
14.76±0.85 a
9.92±0.69 e
12.13±0.55 c
13.15±1.79 b
10.33±1.18 e
11.03±0.85 d

Fruit width
(cm)
13.47±0.73 a
8.00±0.64 e
11.45±0.56 c
12.25±1.20 b
9.47±0.89 d
9.67±0.80 d

Number of seed
per fruit
15±2.33 a
14±3.45 ab
15±1.69 a
10±4.05 c
11±2.51 c
13±1.91 b

Seed length
(mm)
28.3±2.3 a
25.7±0.7 bc
25.4±1.1 c
25.8±1.4 bc
25.1±1.3 d
25.9±1.2 b

Seed width
(mm)
16.4±3.6 a
14.7±0.5 c
13.7±0.8 e
14.7±0.9 c
14.2±0.6 d
15.3±1.1 b

Seed weight (g)
4.05±0.52 a
3.22±0.51 b
2.89±0.64 c
3.31±0.36 b
3.42±0.54 b
3.33±0.39 b

F-test
88.785**
177.360**
21.192**
95.297**
49.267**
28.658**
Range
8.00-17.00
6.50-15.00
1-19
18.14-36.95
11.04-16.59
2.01-4.87
Mean
11.89
10.71
13.43
26.04
14.84
3.37
SD
1.98
2.02
3.48
1.76
1.82
0.61
CV (%)
16.65
18.86
25.91
6.75
12.26
19.76
Note: the data shown are mean ± standard error of six replicates; Different letters a, b, c, d and e denote significant difference (p ≤0.05)
between different treatments; **: Significant at p <0.01

Table 3. Soil fertility condition of 6 java olive population in this study
Soil texture (SL-MU-TT-10,
Organic matter
Hydrometer)
pH H2O
(SNI 03C (%)
N (%) (SNI
Populations
6787(SNI 1313-4721Sand
Dust
Clay
2002) 4720-1998:
1998:
(%)
(%)
(%)
Walkey and
Kjeldah)
Black)
Bogor
26.20
21.60
52.20
5.12
2.25
0.35
Palimanan
41.33
30.67
28.00
6.70
3.99
0.28
Tuban
30.67
41.33
28.00
6.96
1.64
0.15
Gili Manuk
54.67
28.33
17.00
7.83
2.02
0.16
Pemenang
59.67
28.67
11.67
6.83
1.20
0.09
Naioni
17.00
42.67
40.33
6.60
1.79
0.14
Note: SNI: Indonesian national standard

C/N

7.30
14.25
10.46
12.41
12.44
12.51

K
KTK (SL(SL-MU-TT- MU-TT-07C:
P
07C:
Extraction of
(P2O5)
buffer
(SL-MU- Extraction of
buffer
NH4OAc 1,0 N
TT-05;
pH 7,0)
Bray I/II) NH4OAc 1,0 N
pH 7,0)
24.50
98.00
19.16
13.33
137.33
33.11
102.67
602.00
29.00
13.00
694.33
23.17
68.33
412.33
16.42
90.67
421.33
44.68
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The highest coefficient of variation was recorded for
number of seed per fruit (25.91%), moisture content
(22.41%), seed weight (19.76%) followed by protein
(19.09%) (Table 2 and Table 4). All of morphophysiological and biochemical traits of java olive seeds
showed significant differences among populations,
confirming the hypothesis that java olive possesses strong
differentiation between its populations, and indicating the
existence of genetic variability. The variation of seed
morpho-physiological and biochemical traits may due to
both internal (maternal, hereditary) and external
(environmental) conditions operating at the time of seed
development (Harper et al. 1970; Kaushik et al. 2007).
Changes of environment during evolution the species,
habitat fragmentation and excessive exploitation may lead
to a low gene flow, which in turn resulted in the differences
in seed morpho-physiological and biochemical traits among
populations.

Correlation among seed morpho-chemical traits and
geo-climate factors
Fruit length exhibited positive significant correlation
with fruit width (0.977). Significant correlations were
found between seed length and seed width (0.905). Seed
weight also had significant correlarion with seed length
(0.856) and seed width (0.890). The correlation has been
exposed previously by Bagchi and Dobriyal (1990) on
Acacia nilotica, Rawat and Bakshi (2011) on Pinus
wallichiana, and Sudrajat (2016) on Anthocephalus
cadamba, indicating that the traits are interdependent on
each other. Significant correlation among traits are main
interest in the improvement activities, because the
improvement of one trait my cause simultaneous effects in
the other trait (Divakara et al. 2010). In biochemical seed
traits, a strong negative relationship of fat content with
moisture content (-0.920) and carbohydrate (-0.815) was
revealed. Fat content of java olive seeds showed positive
correlation with oil content (0.841). Oil content also
revealed a negative significant correlation with moisture
content (-0.919) (Table 5).

Table 4. Physiological and biochemical traits of java olive seed from 6 populations
Populations
Bogor
Palimanan
Tuban
Gili Manuk
Pemenang
Naioni

Germination
capacity (%)
76.3± 5.7
88.0± 5.6
85.0±11.5
81.0±14.1
80.0±11.7
79.5±10.2

Moisture
content (%)
29.5±3.7 a
25.3±2.6 b
24.3±3.1 c
23.3±6.7 d
17.1±3.3 f
19.9±1.4 e

Carbohydrate
(%)
14.90±0.81 a
14.72±0.78 a
13.60±0.82 b
13.77±0.23 b
13.37±0.85 c
9.73±0.53 d

Fat (%)
27.20±1.63 b
27.97±2.08 b
28.67±2.40 b
29.67±1.75 b
33.87±2.40 a
34.52±1.59 a

Protein (%)
11.50±0.89 b
9.17±0.36 d
14.40±0.97 a
9.87±0.28 cd
11.82±0.29 bc
15.20±0.24 a

F-test
0.665ns
4.968*
23.880**
26.901**
9.636**
Range
61.0-93.0
13.2-34.2
9.10-15.90
25.20-36.60
8.70-15.60
Mean
81.62
23.2
12.84
30.32
11.99
SD
9.93
5.2
1.82
3.40
2.29
CV (%)
12.17
22.41
14.17
11.21
19.09
Note: the data shown are mean±standard error of six replicates, different letters a, b, c, d and e denote significant
between different treatments, **: significant at p<0.01, *: significant at p<0.05, ns: not significant.

Oil content (%)
17.54±1.89 d
19.17±1.26 d
24.76±2.29 bc
23.30±0.81 c
27.53±0.96 a
25.97±1.84 a
64.925**
15.20-28.62
23.04
3.92
17.01
difference (P ≤0.05)

Table 5. Simple correlation (Pearson) between fruit and seed traits of java olive
Parameters

FL

FW

NS

SL

SW

SWE

GC

MC

CH

FT

PT

FW
0.977**
NS
0.186
0.101
SL
0.784
0.656
0.457
SW
0.569
0.415
0.244
0.905*
SWE
0.575
0.472
0.083
0.856*
0.890*
GC
-0.608
-0.617
0.173
0.173
0.597
0.397
MC
0.671
0.541
0.635
0.635
0.765
-0.772
0.005
CH
0.314
0.270
0.186
0.186
0.303
0.238
0.222
0.611
FT
-0.512
-0.419
-0.521
-0.521
-0.501
-0.157
-0.279
-0.920**
-0.815*
PT
-0.020
0.069
0.307
0.307
-0.107
-0.236
-0.247
-0.311
-0.734
0.492
OL
-0.469
-0.293
-0.515
-0.515
-0.750
-0.522
-0.040
-0.919**
-0.646
0.841*
0.549
Note: FL: fruit length, FW: Fruit width, NS: number of seed per fruit, SL: seed length, SW: seed width, SWE: seed weight, MC:
moisture content, GC: germination capacity, CH: carbohydrate content, F: fat content, PT: protein, OL: oil content, **: significant at p <
0.01, *: significant at p < 0.05.
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Table 6. Simple correlation (Pearson) between fruit and seed traits studied and geo-climate factors
Latitude
Longitude
(S)
(E)
Fruit length
-0.293
-0.389
Fruit width
-0.242
-0.301
Number of seed per fruit
-0.547
-0.467
Seed length
-0.328
-0.492
Seed width
0.016
-0.202
Seed weight
-0.093
-0.312
Seed moisture content
-0.734
-0.802
Germination capacity
-0.358
-0.210
Carbohydrate
-0.912*
-0.946**
Fat
0.901*
0.918**
Protein
0.468
0.609
Oil content
0.684
0.816*
Note: **: significant at p < 0.01, *: significant at p < 0.05
Parameters

Altitude
(m asl)
0.320
0.235
0.373
0.602
0.745
0.518
0.166
-0.619
-0.557
0.231
0.554
-0.140

Table 6 showed that all of seed morpho-physiological
traits, moisture content and proteint had not significant
correlation with latitude, longitude and altitude. Some
significant correlations were shown between precipitation
and seed length (r = 0.871) and seed weight (r = 0.816).
Similar with precipitation, relative humidity revealed
significant positive corelation with seed length (r = 0.877)
and seed weight (r = 0.820). The lower precipitation
intensity may reduce seed mass as a result acceleration in
seed growth rate (dry matter accumulation) and reduction
in the duration of seed filling (Weigand and Cueller 1981;
Spears et al. 1997). In this study, temperature of maternal
habitat also significantly correlated with seed length (r = 0.855) (Table 6). According to Li et al. (2015), seed size
and weight variation may be the result of temperature
variation during seed development.
Some agro-climate factors also exhibited the significant
correlation with biochemical traits of java oil seeds.
Latitute and longitude were significantly correlated with
carbohydrate and fat content. Carbohydrate and fat tend to
increase on the southern and eastern java olive populations.
Longitude also had negative significant correlation with oil
content. The effect of geographic position on seed
biochemical traits is accumulation impact of geoclimate
factors incorrelation with seed adaptation and development.
Temperature exhibited the negative significant correlation
with seed moiture content. Temperature, relative humidity
and precipitation also showed the significant correlation
with seed oil content (Table 6). Population had higher
precipitation produced seed with relative higher moisture
content and lower oil content. Studies of oil content
variation also were reported by some researchers such as in
Jatropha curcas. Ginwal et al. (2004) reported highest oil
content (58.12%) in Chhindwara accession of J. curcas
with less rainfall and moderately high temperature. In
contrary, Khadidiatou et al. (2013) reported that the seeds
from wet region (Bignona) in Senegal recorded the highest
oil content. Other study reported by Santoso (2011) using
the narrow habitat of J. curcas in West Nusa Tenggara,
there was not significant different oil content among
populations. In this study, the seed samples were collected

Precipitation
(mm/year)
0.551
0.417
0.478
0.871*
0.731
0.816*
0.759
-0.340
0.641
-0.636
-0.408
-0.845*

Temperature
(° C)
-0.564
-0.429
-0.577
-0.855*
-0.669
-0.719
-0.842*
0.228
-0.685
0.740
0.391
0.891*

Relative humidity
(%)
0.562
0.434
0.497
0.877*
0.728
0.820*
0.748
-0.365
0.624
-0.618
-0.362
-0.822*

from relative large distribution from West Java to East
Nusa Tenggara with the result that the seed variation
including oil content was significant.
Coefficient of variation and heritability
The genotypic variance and genotypic coefficient of
variation were higher for several traits, such as fruit length,
fruit width, carbohydrate, fat, protein and oil contents,
compared with environment variance and environment
coefficient of variance. The results indicated that the
genotypic component provided the major contributions to
the total variance of fruit and seed biochemical traits. The
variability among genotypes is generally used to estimate
the total genetic variation to determine the degree of
genetic control for a particular character (Giwali et al.
2015). Genetic control on the biochemical traits
(carbohydrate, protein, oil content) also has been observed
for several provenances of Pinus wallichiana in India
(Rawat and Bakshi 2011) and several candidates plus tree
of J. curcas in Eastern India (Kumar and Singh 2014). On
the other hand, variation of seed morpho-physiological
traits (number of seed per fruit, seed length, seed width,
seed weight, germination capacity, moisture content) was
more controlled by environmental factors.
In tree improvement and selection of suitable tree
species, heritability of a certain desirable characters is
important consideration. Broad sense heritability is defined
as the ratio of all of the genetic variation to the phenotypic
variation (Zobel and Talbert 1984) and it is important in
predicting the amount of genetic gain. The high heritability
value reveals that the offspring has a greater chance of
resulting an expression of the trait that is similar to the trait
of the parents; contrarily, a low heritability indicates a
lower level of similarity (Kumari et al. 2013). High
predictions of heritability value suggested that these traits
may serve as important genetic markers in estimation the
selection of best individuals or provenances. The highest
heritability was revealed by protein (0.94), carbohydrate
(0.87), oil content (0.85 and fruit width (0.85). High
heritability values combined with high genetic gain was
found for protein content, fruit width and oil content,
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revealed the characters have highly genetic origin with a
good amount of additive genetic effect (heritable
components). Rawat and Bakshi (2011) explained that high
heritability value coupled with high genetic gain on some
characters is important information for selecting the best
population. Conversely, some characters such as seed
length, seed width and germination capacity had lower
genotypic coefficient of variance and genetic gain
indicating that the contribution of non-additive genetic
effects were higher than additive genetic effect.
Population clustering
Morphological characterization combined
with
multivariate statistical methods, such as cluster analysis,
are useful tools for screening accessions (Akintobi et al.
2002; Golparvar 2013; Adebisi et al. 2013). Hierarchical
cluster analysis separated the java olive populations based

on the fruit, seed morphological and biochemical
characteristics into three groups, i.e. Group 1: Pemenang
and Naioni, Group 2: Tuban, Gilimanuk and Paliman, and
Group 3: Bogor. The geographically distance among
populations affected to the similarity of morphological and
biochemical traits of java olive and belonging in the same
cluster (Figure 2). Pamenang and Naioni populations lied
in same cluster as representation of eastern populations of
Indonesian java olive with higher seed oil content and
lower seed moisture content. Some populations might be
formed a mixture population such as Palimanan, Tuban,
and Gilimanuk populations might be the mixture
populations as a result of seed or genetic materials transfer
among populations, whereas the Bogor population was
separated from other populations representing the true
population from relative wet site in western Java island.

Table 7. Mean coefficient of variability and genetic estimates of seed traits of java olive
Parameters

GV

EV

PV

PCV

ECV

H2B

GCV

GA

GG%

Fruit length
3.36
1.15
4.50
2.12
1.07
1.83
0.75
3.26
27.40
Fruit width
4.08
0.69
4.77
2.18
0.83
2.02
0.85
3.84
35.90
Number of seed per fruit
5.24
7.78
13.02
3.61
2.79
2.29
0.40
2.99
22.26
Seed length
1.29
2.05
3.34
1.83
1.43
1.13
0.39
1.45
5.58
Seed width
0.86
2.69
3.55
1.88
1.64
0.93
0.24
0.95
6.37
Seed weight
0.13
0.15
0.28
0.53
0.38
0.36
0.46
0.50
14.54
Germination capacity
8.91
106.43
115.34
10.74
10.32
2.99
0.08
1.71
2.09
Seed moisture content
14.83
14.95
29.79
5.46
3.87
3.85
0.50
5.60
24.13
Carbohydrate
3.26
0.50
3.77
1.94
0.71
1.81
0.87
3.46
26.97
Fat
8.72
4.04
12.77
3.57
2.01
2.95
0.68
5.03
16.59
Protein
5.67
0.35
6.02
2.45
0.60
2.38
0.94
4.76
39.68
Oil content
14.76
2.58
17.34
4.16
1.61
3.84
0.85
7.30
31.69
Note: GV: Genotypic variance, EV: environmental variance, PV: phenotypic variance, PCV: Phenotypic coefficient of variation, ECV:
environmental coefficient of variation, GCV genotypic coefficient of variance, H2B: board sense heritability, GA: genetic advance, GG:
genetic gain

Pemenang
Tuban
Palimanan

Naioni

Bogor

Tuban

Pemenang
Gilimanuk

Gilimanuk

Naioni

Palimanan

Bogor

A

B

Figure 2. A. Cluster analysis graphical of 6 java olive populations based on fruit and seed morphophysiological and biochemical traits;
B. Biplot of 6 java olive populations of seed width (SW), seed weight (SWE), seed length (SL), seed moisture content (MC), oil content
(OL), altitude (ALT), precipitation (PRECIP), temperature (TEMP), and relative humidity (RH)
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The oil content, seed production and seed characters
(e.g. seed size, width and moisture content) are the
important parameters in the plant improvement program
especially in the correlation with biodiesel production. In
this study, the seed production was not analyzed because
the population samples are the nature populations which
has different age and stand density. Biplot analysis
including some agro-climate factors (altitude, precipitation,
temperature and relative humidity) combined by seed traits
revealed that oil content formed obtuse angle with seed
length, seed width, seed weight, and seed moisture content.
The oil content also formed the obtuse angle with some
agro-climate factors, such as altitude, relative humidity and
precipitation, while as the sharp angle was formed by oil
content and temperature. The obtuse angle revealed a
negative correlation between characters, and conversely the
sharp angle showed a positive correlation (Nurhasybi et al.
2009; Rohandi et al. 2017). Pemenang population
associated with oil content, indicating the population have
high trait of oil content, and opposite each other with
Bogor population that have high seed length, seed width
and moisture content. The characteristic of oil content is
opposite with the seed size and weight and the information
could be a consideration in selection of java olive in
correlation with the oil content as material for biodiesel
production.
This study had some weaknesses, such as limited
number of populations, no metabolomic approaches using
LCMS-GCMS etc. Nevertheless, for preliminary
evaluation, the study could recommend the java olive
potential population for biodiesel feedstock. Some
populations such as Pemenang and Naioni had higher oil
content that can become option populations for cultivation.
Moreover, location of cultivation should be a consideration
in relation with cost of production and appropriate
environment for biodiesel production. According
BPPESDM (2018), based on economic feasibility,
development of renewable energy is more focused in
outside of Java island because the local production cost of
fossil oil in outside of Java island is higher than the
national production cost. This study recommended that the
java olive cultivation is carried out in Nusa Tenggara
islands, such as Lombok and Timor islands.
Conclusion
Java olive from 6 populations in Java, Bali, Lombok
and Timor islands exposed the diversity in seed
morphological and biochemical traits. Seed morphological
and biochemical traits revealed significant differences,
except for the germination capacity. Most of seed
morphological traits were not significantly correlated with
agro-climate factors (except for seed lenght and seed
weight), while some of biochemical traits (seed moiture
content, carbohydrate, fat and oil content) revealed
significant correlation with some agro-climate factors.
Genotypic variance and genotypic coefficient of variation
were higher for several traits, such as fruit length, fruit
width, carbohydrate, fat, protein and oil contents, compared
with environment variance and environment coefficient of

1011

variance, indicating that the genetic has the higher
contribution on the variance of these traits. High
heritability values combined with high genetic gain was
found for protein content, fruit width and oil content,
showed the characters have highly genetic origin with a
good amount of additive genetic effect (heritable
components). Hierarchical cluster analysis separated the
java olive populations based on the fruit, seed
morphological and biochemical characteristics into three
groups, i.e. Group 1: Pemenang and Naioni, Group 2:
Tuban, Gilimanuk and Paliman, and Group 3: Bogor.
Pemenang population associated with oil content,
indicating the population have high trait of oil content, and
opposite each other with Bogor population that have high
seed length, seed width and moisture content. It exhibited
that the existence of substantial variation can be utilized for
genetic resource conservation and further genetic tree
improvement programs of the species.
ACKNOWLEDGEMENTS
We gratefully acknowledge the funding support from
USAID through SHERA program, Center for Development
of Sustainable Region (CDSR). The authors are grateful to
the authorities of Environment and Forestry Research and
Development Institute of Kupang, Indonesia and NonTimber Forest Product Research and Development Institute
of Mataram, Indonesia for supporting in samples
collection.
REFERENCES
Adebisi MA, Okelola FS, Ajala MO, Kehinde TO, Daniel IO, Ajani OO.
2013. Evaluation of variations in seed vigour characters of west
african rice (Oryza sativa L.) genotypes using multivariate technique.
Am J Plant Sci. 4: 356-363.
Akintobi DCA, Adebisi MA, Ojo DK. 2002. Multi- variate analysis of
phenetic similarity of cowpea genotypes in different agro-ecological
zones. Niger J Ecol. 4 (1): 18-23.
Allard RW. 1999. Principles of Plant Breeding. John Wiley & Sons. New
York. USA. P 254.
AOAC [Association of Official Analytical Chemists]. 1990. Official
Methods of Analysis of the Association of Analytical Chemists. 15th
ed. Arlington, Virginia, USA.
Atabani AE, Silitonga AS, Ong HC, Mahlia TMI, Masjuki HH, Badruddin
IA, Fayaz H. 2013. Non-edible vegetable oils: A critical evaluation of
oil extraction, fatty acid compositions, biodiesel production,
characteristics, engine performance and emissions production. Renew
Sustain Energy Rev. 18: 211-245.
Bagchi SK, Dobriyal JD. 1990. Provenance variation in seed parameters
of Acacia nilotica. Ind J For. 116 (12): 958-961.
BPI [Bureau of Plant Industry]. 2010. Sterculia feotida Linn. Depertment
of Agriculture. Government of Philippine. http Bureau of Plant
Industry, Manila.
BPPESDM [Badan Penelitian dan Pengembangan Energi dan Sumber
Daya Mineral]. 2018. Policy of Renewable Energy Development.
Course on Bioenergy, Biorefenery and Energy Efficiency. Center for
Development of Sustainable Regional. USAID-SHERA. Bogor, 4-6
April 2018.
Burton GW. 1952. Quantitative inheritance of grass. Proc. 6th Int.
Grassland Cong. Held at Pennsylvania State College. PA,. USA.
Čolić S, Rakonjac V, Zec G, Nikolić D, Fotirić Akšić M. 2012.
Morphological and biochemical evaluation of selected almond

1012

B I O DI VE RS I T A S 19 (3): 1004-1012, May 2018

[Prunus dulcis (Mill.) D.A. Webb] genotypes in Northern Serbia.
Turkish J Agric For. 36 (4): 429-438.
Demirbas A. 2009. Progress and recent trends in biodiesel fuels. Energ
Convers Manag 50 (1): 14-34.
Devan PK, Mahalakshmi NV. 2009. Study of the performance, emission
and combustion characteristics of a diesel engine using poon oilbased fuels. Fuel Process Technol. 90: 513-519.
Ghildiyal SK, Sharma CM, Gairola S. 2009. Environmental variation in
seed and seedling characteristics of Pinus roxburghii Sarg. from
Uttarakhand, India. Appl Ecol Env Res. 7 (2): 121-129
Ginwal HS, Rawat PS, Srivastava RL (2004). Seed source variation in
growth performance and oil yield of Jatropha curcas Linn. in Central
India. Silvae Genet. 53 (4): 76-80.
Golparvar AR. 2013. Probit analysis and heritability of salinity tolerance
in agropyron desertorum genotypes. E J Biol. 9 (1): 15-18.
Handayani R, Rukminita S, Gumilar I. 2015. Physico-chemical
characterization of bintaro (Cerbera manghas L.) seed oil and its
potency for biodiesel raw material. Jurnal Akuatika 6 (2): 177-186.
[Indonesian].
Harper JL, Lovell PH, Moore KG. 1970. The shapes and sizes of seeds.
Annu Rev Ecol Evol Syst 11: 327-356.
ISTA [International Seed Testing Association]. 2010. International rules
for seed testing Edition 2010. The International Seed Testing
Association, Bassersdorf.
Jiang Q, Yen S-H, Stiller J, Edwards D, Scott PT, Gresshoff PM. 2013.
Genetic, biochemical, and morphological diversity of the legume
biofuel tree Pongamia pinnata. J Plant Gen Sci. 1 (3): 54-67.
Johnson HW, Robinson HF, Comstock RF. 1955. Estimates of genetic and
environmental variability in soybean. Agron J 47: 314-318.
Kale SS, Darade V, Thakur HA. 2011. Analysis of fixed oil from
Sterculia foetida Linn. Intl J Pharmaceut Sci Res 2 (11): 2908-2914.
Kanmegne G, Mbouobda HD, Temfack B, Koffi EK, Omokolo DN,
2010. Impact of biochemical and morphological variations on
germination traits in Garcinia kola heckel seeds collected from
cameroon. Res J Seed Sci 3: 82-92.
Kaushik N, Kumar K, Kumar S, Kaushik N, Roy S. 2007. Genetic
variability and divergence studies in seed traits and oil content of
jatropha (Jatropha curcas L.) accessions. Biomass Bioenergy 31:
497-502.
Kavitha M, Vadivu R, Radha R. 2015. A review on Sterculia foetida Linn.
Res J Pharmacog Phytochem. 7 (4): 239-244.
Khadidiatou NN, Mohameth K, Bassiaka O, Roger B, Ibrahima D. 2013.
Variability in seed traits, oil content and genetic diversity in local and
exotic accessions of Jatropha curcas L. in Senegal. African J Biotech.
12 (34): 5267-5277.
Kirtikar KR, Basu BD. 1999. Indian Medicinal Plants. Vol. 1. 2nd ed.
Bishen Singh Mahendra Pal Singh, Dehradun, India..
Kumari K, Sinha A, Singh S, Divakara BN. 2013. Biochemical
characterization and genetic diversity of Pongamia pinnata (L.) Pierre
in Eastern India. J For Sci 29 (3): 200-210.
Kumar S, Singh S. 2014. Variability assessment of seed traits in Jatropha
curcas L. for improvement of oil yield. Intl J Gen Mol Biol 6 (1): 815.
Lemmens RHMJ, Soerianegara I, Wong WC. (Eds.). 1995. Plant
Resources of South East Asia (Prosea). Timber trees: No. 5 (2). Minor
Commercial Timbers. Backhuys Publisher, Leiden.
Li Z, Lu W, Yang L, Kong X, Deng X. 2015. Seed weight and
germination behavior of the submerged plant Potamogeton pectinatus
in the arid zone of northwest China. Ecol Evol 5 (7): 1504-1512.
Mahanta P, Shrivastava A. 2011. Technology develompment of bio-diesel
as an energy alternative. In: Singh O, Pandey JP, Chauhan DS (eds.).
Challenges and Strategies for Sistainable Energy Deficiency and
Environment. New Age International, India.
Mughal AH, Thapliyal RC. 2012. Provenance variation in cone and seed
characteristics of Cedrus deodara (D.Don) G. Don in Jammu and
Kashmir. For Stud China 14 (3): 193-199.

Munarso J. 2010. Plantation of Sterculia feotida L. as vegetable oil.
Information technology agriculture. Indonesia Agency for
Agricultural Research and Development. Jakarta.
Nurhasybi, Sudrajat DJ, Diarta K. 2009. Identification of Acacia mangium
provenances for solid wood forest plantation. J For Res 6 (1): 1-16.
Onyeike EN, Olungwe T, Uwakwe AA. 1995. Effect of heat treatment and
defatting on the proximate composition of some nigerian local soup
thickeners. Food Chem. 53: 173-175.
Orwa C, Mutua A, Kindt R, Jamnadass R, Simons A. 2009. Sterculia
foetida L. Agroforestree Database: A Tree Reference and Selection
Guide Version 4.0. World AgroforestryCenter, Nairobi, Kenya.
Rani PU, Rajasekharreddy P. 2009. Toxic and antifeedant activities of
Sterculia foetida seed crude extract against Spodoptera litura and
Achaea janata. J Biopestic 2 (2): 161-164.
Rao PV, Ramesh S, Kumar SA. 2015. Study of C I engine performance
with diesel - biodiesel (Sterculia foetida) blend as fuel. Intl J Trend
Res Dev 2 (4): 76-79.
Rawat K, Bakshi M. 2011. Provenance variation in cone, seed and
seedling characteristics in natural populations of Pinus wallichiana
A.B. Jacks (Blue Pine) in India. Ann For Res 54 (1): 39-55.
Rohandi A, Budiadi, Hardiwinoto S, Harmayani E, Sudrajat DJ. 2017.
Variability in Morpho-physiology, Tuber Yield and Starch Content of
Several Arrowroot Populations in Garut District. Agrivita J Agric Sci
39 (3): 311-323.
Saad H, Farooq J, Hasan E, Bibit T, Mahmood T. 2015. Cluster and
principle component analysis of maize accessions under normal and
water stress condition. J Agric Sci. 60 (1): 33-48.
Santoso BB. 2011. Variation in oil contents, and seed and seedling
characteristics of Jatropha curcas of West Nusa Tenggara selected
genotypes and their first improved population. Nusantara Biosci. 3
(3): 130-135.
Silitonga AS, Ong HC, Masjuki HH, Mahlia TMI., Chong WT, Yusaf T F.
2013. Production of biodiesel from Sterculia foetida and its process
optimization. Fuel 111: 478-484.
Sorenson FC, Miles RS. 1978. Cone and seed weight relationships in
douglas-fir from western and cental Oregon. Ecology 59: 641-644.
Spears JF, Tekrony DM, Egli DB. 1997. Temperature during seed filling
and soybean seed germination and vigour. Seed Sci Technol 25: 233244.
Stromberg JC, Patten DT. 1990. Variation in seed size of a southwestern
riparian tree Arizona Walnut (Juglans major). Amer Midland Natur
124: 269-277.
Sudrajat DJ. 2016. Genetic variation of fruit, seed, and seedling
characteristics among 11 populations of white jabon in Indonesia.
Forest Sci Technol. 12 (1).
Sudrajat DJ, Nurhasybi, Syamsuwida D. 2011. Technology to improve
kepuh (Sterculia foetida Linn.) seed viability. Jurnal Penelitian Hutan
Tanaman 8 (5): 301-314. [Indonesian]
Sudradjat R, Yogie S, Hendra D, Setiawan D. 2010. Transesterification
process for manufacturing kepuh seed biodiesel. Jurnal Penelitian
Hasil Hutan 28 (2): 145-155. [Indonesian]
Tauchen J, Lojka B, Hlasna-Cepkova P, Svobodova E, Dvorakova Z,
Rollo A. 2011. Morphological and genetic diversity of Calycophyllum
spruceanum (Benth) K. Schum (Rubiaceae) in Peruvian Amazon.
Agricultura Tropical et Subtropica, 44 (4): 212-218.
Tomsone L, Kruma Z, Alsina I, Lepse L. 2012. The application of
hierarchical cluster analysis for classifying horseradish genotypes
(Armoracia rusticana L.) roots. Chemine Technologija 4 (62): 52-56.
Totland O, Birks HJ. 1996. Factors influencing interpopulation variation
in Ranunculus acris seed production in an alpine area of southwestern
Norway. Ecogr 19: 269-278.
Vipunngeun N, Palanuvej C. 2009. Fatty acids of Sterculia foetida seed
oil. J Health Res 23: 157.
Weigand CL, Cueller JA. 1981. Duration of grain filling and kernel
weight of wheat as affected by temperature. Crop Sci 21: 95-101.
Zobel B, Talbert J. 1984. Aplied forest tree improvement. Waveland Press
Inc. Illinois. USA.

B IO D IV E RS IT A S
Volume 19, Number 3, May 2018
Pages: 1013-1020

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190333

Characterization of Sentani gudgeon, Oxyeleotris heterodon (Weber,
1907) at Sentani Lake, Papua, Indonesia based on truss morphometric
ABINAWANTO♥, EKA DEWI SRIYANI, A. BOWOLAKSONO
Genetics Laboratory, Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Indonesia. Jl. Lingkar UI, E Building UI
Campus, Depok 16242, West Java, Indonesia. Tel.: +62-21-7270163, Fax.: +62-21-78829010, ♥email: abinawanto@gmail.com,
abinawanto.ms@sci.ui.ac.id
Manuscript received: 18 September 2017. Revision accepted: 11 May 2018.

Abstract. Abinawanto, Sriyani ED, Bowolaksono A. 2018. Characterization of Sentani gudgeon, Oxyeleotris heterodon (Weber, 1907)
at Sentani Lake, Papua, Indonesia based on truss morphometric. Biodiversitas 19: 1013-1020. The study concerning the morphometry
of Sentani gudgeon (Oxyeleotris heterodon, Weber 1907) was done from August 2016 until April 2017 in Sentani Lake, Jayapura
District, Papua Province, Indonesia. The objectives of the study were to find out the diversity of the fish using truss morphometry
approach. A total 56 individual sampled from three sampling sites were characterized for their 26 truss morphometric characters. The
result showed that there were differences on morphometric characters of Sentani gudgeon. The highest correlation value found in
character B2 and D5, which represented the dorsal portion and the tail fin of the fish body respectively. All variables showed significant
different between each location (the p-value <c0.05). The canonical diagram resulted of 26 truss morphometric characters illustrated
three separated clusters which discriminated the three populations based on sampling sites. A genetic distance analysis among Sentani
gudgeon indicated that the fish originated from Putali Village was morphologically closed to the fish population from Sosiri. The truss
morphometry technique can be used to identify the diversity of Sentani gudgeon in Sentani Lake.
Keywords: Morphometry, Oxyeleotris heterodon, Sentani gudgeon, Sentani Lake, truss morphometry

INTRODUCTION
Sentani gudgeon (Oxyeleotris heterodon, Weber 1907)
is a native fish species living in Sentani Lake, Papua. The
fish was categorized as carnivore as it preys Ophieleotris
aporos and Crustacean from the genus Macrobrachium as
its primary food (Ohee 2013). Sentani gudgeon is
promising a high economic value and considers as an
important commodity for local fisheries (Coates 1992;
Indrayani 2015). Local people around the Sentani Lake are
catching and consuming the fish as a protein source, and
fortunately, it also provides them with a valuable daily
income. However, in the recent years, because of over
collection or exploitation and the presence of introduced
species, the population of Sentani gudgeon has declined.
The introduced species, specifically Striped snakehead
(Channa striata) is a potential competitor that seriously
threaten the existence of Sentani gudgeon in their native
habitat (Rarung and Pratasik 2010). Furthermore, an
environmental degradation such as water pollution is also
worsening the condition Sentani Lake (Walukow 2012).
As explained by Turan (1999), morphological
characters have been used in fish biological studies to
estimate the relationship and genetic distance among
species that it would be useful in the categorization of the
variation in taxonomy. Morphometric characterization is a
part of morphological studies focused on quantitative
measurement of the size and shape of organisms. In fish
biology, morphometric analysis has been used to measure
specific characters and relationship among variations in the

taxonomy of the fish population stock (Mirsa and Easton
1999). Morphometric variation in the population in
different geographic areas may be caused by the difference
in genetic and environment condition (Tzeng et al. 2000).
Therefore, the distribution and morphometric variation
arose are a reasonable response to the physical
environments of the population lived.
There are two approaches used to draw morphometric
characters, the conventional and truss morphometric
methods. truss morphometric method is focusing on the
measurement of length and width of specific parts of the
fish body, overall known as truss distance, then each
measurement was compared to standard or total length.
According to Brezki dan Doyle (1988) in Suryaningsih
(2012), in the conventional method, the length and width of
the body to be measured only in limited items, thus its still
too general to describe the fish body.
The truss morphometric method was conducted by
measuring length, width, and diagonal of the particular
parts of the fish body, and then compared to the standard or
total length resulting in a ratio of truss distance (Strauss
and Bookstein 1982). In the truss morphometric method,
most of the fish body measured. Therefore it would be
acquired a more detail of the specific illustration of the
body compared to conventional one (Suryaningsih 2012).
The fish morphometric study is beneficial to conduct in
order to study the relationship and morphology variation
among fish species. Fishes with close similarities and
relationship each other would share a lot of similar
properties, in contrary, fishes with distance similarities and

B I O DI VE RS I T A S 19 (3): 1013-1020, May 2018

1014

relationship would have a difference in characters.
Consequently, all the information would be useful on
management and conservation strategies of the species
(Khayra 2016).
The research focusing on the fish morphometric study
has frequently done, as reported in Lates calcarifer
(Gopikhrisna et al. 2006), Chalcalburnus chalcoides
(Bagherian and Rahmani 2009), and the Chiclid fish
(Fernando and Amarasinghe 2011). However, until
recently, the information regarding the morphometric study
of Sentani gudgeon in Sentani Lake, Jayapura District,
Papua Province, Indonesia still limited. Therefore, the
research aimed to identify the diversity Sentani gudgeon
living in Sentani Lake, specifically in Ifar Village, Putali
Village, and Sosiri Village.

MATERIALS AND METHODS
The research was done for ten months, from August
2016 to April 2017 in Sentani Lake, Jayapura District,
Papua Province, Indonesia (Figure 1). The fish sampling
was conducted by purposive sampling based on previously
reported by Satria dan Sunarno (2009) which proposed four
location of fish conservation areas. We choose only two of
the four proposed location, i.e., Putali Village and Ifar
Village. As an additional data, we added one location,
Sosiri Village situated in distance location and had a
different characteristic from the two preferred ones.
In addition, we got a benefit from choosing the
locations because in each of three sampling location there
were Kampong Nelayan (Fishing village). All samples
were collected by many fishermen using a small motorboat.
The precise sampling point was recorded its position using
Global Positioning System (GPS). Table 1 shows the
characteristics of the sampling sites.

3

1

2

Figure 1. Sampling site location in in Sentani Lake, Jayapura District, Papua Province, Indonesia. 1. Ifar Village, 2. Putali Village, 3.
Sosiri Village

Table 1. The characteristics of the sampling location
Sampling location

GPS Position

Characterize

Ifar Village

S 02° 36' 13.8"
E 140° 31' 46.3"

There were abundant submerged plants, such as hydrilla and lotus. In the seashore,
there were higher plants including sago trees. The situs of water inlet found here.
The water depth, 2-6 meter, greenish and turbid (Satria and Sunarno 2009).

Putali Village

S 02° 36' 59.1"
E 140° 31' 32.1"

Situated in a bay, it was far from the residential area. In the littoral, there were
many aquatic plants. On the seashore were found sago trees. Water depth 4-12
meters. The color of the water was green (Satria and Sunarno 2009).

Sosiri Village

S 02° 33' 41.9"
E 140° 24' 59.2"

Upper lake area, deep water depth and steep (Umar and Makmur 2006).

ABINAWANTO et al. – Characterization of Sentani gudgeon based on truss morphometric

The western part of Sentani Lake was refused as
sampling target because the location is a densely populated
area dominated by a barren hill. Sentani gudgeon fishes
were obtained from a gillnet caught by local fishermen in
Sentani Lake fishing villages. The fish were collected in
the morning at 07.00 – 11.00 (time of middle parts of
Indonesia). The samples taken represent from varied sizes
were sorted, labeled and stored in styrofoam box and
soaked in technical formaldehyde (formalin 40%).
Following 24 hours after fixative soaking, the samples
were washed and store in the freezer, and they had already
subjected to measurement.
A total of 56 fishes of the Sentani gudgeon which had
successfully caught from the three sampling sites were
delivered to the laboratory for quantification of their
morphological characters. The characters to be measured
based on truss distance as previously reported by Atang ey
al. (2005). The morphological measurement used 0.01 mm
precision of the digital caliper, and the weight was
measured using Ohaus digital scales with 0.1 g accuracy.
The analysis of the morphometric diversity among 26
characters used correlation analysis and discriminant
analysis. Correlation analysis aimed to determine the
degree of relationship between the 26 morphometric
characters, while the discriminant analysis sought the

significant differences among groups based on
morphological characters observed. The measurement
results were related to the total length, and the results of the
measurements will be obtained by grouping according to
the morphological characters that can be the differentiating
factors. The character is also used to determine the
formation or clustering of populations whose analysis was
performed using SPSS version 19 based on the principal
component analysis (PCA). The results of the main
component analysis will be presented in the form of a
canonical diagram, and it will use to form a map of
population clustering.

Figure 2. The selected point positions for measurement of
morphological characters based on truss morphometric (modified
from Allen 1991)

Table 2. Distanced-characters labeling of truss morphometric of the Sentani gudgeon
Parts of the body

Symbol

1015

Explanation

Head

A1
A2
A3
A4
A5

The base of the lower jaw-the base of the upper snout
The base of the upper snout – the dorsal end of the head
The base of the lower jaw – the dorsal end of the head
The base of the lower jaw – the base of the abdominal fin
The base of upper snout – the base of the abdominal fin

Anterior Body Side

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10

The dorsal end of the head - the base of the abdominal fin
The dorsal end of the head - the front end of the dorsal fin I
The base of the lower jaw - the front end of the dorsal fin I
The dorsal end of the head - the beginning of the anal fin
The base of the abdominal fin - the front end of the dorsal fin I
The base of the abdominal fin - the beginning of the anal fin
The base of the abdominal fin - the back end of the dorsal fin I
The front end of the dorsal fin I - the back end of the dorsal fin I
The front end of the dorsal fin I - the beginning of the anal fin
The back end of the dorsal fin I - the beginning of the anal fin

Posterior Body Side

C1
C2
C3
C4
C5
C6

The beginning of anal fin - front end of dorsal fin II
The beginning of anal fin - rear end of anal fin
Beginning of anal fin - back end of dorsal fin II
The front end of the dorsal fin II - the back end of the anal fin
The front end of the dorsal fin II - the back end of the second dorsal fin
The back end of the anal fin - the back end of the second dorsal fin

Tail

D1
D2
D3
D4
D5

The back end of the anal fin - the base of the lower tail joint
The back end of the anal fin - the base of the upper tail joint
The back end of the dorsal fin II - the base of the lower tail joint
The back end of the dorsal fin II - the base of the upper tail joint
The base of the lower tail joint – the base of the upper tail joint
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RESULTS AND DISCUSSION

Canonical Discriminant Functions

Table 4. Discriminant analysis of morphometric characters of
Sentani gudgeon (Oxyeleotris heterodon)
Characteristic

Wilks Lambda

F

A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
C1
C2
C3
C4
C5
C6
D1
D2
D3
D4
D5

0.742
0.715
0.422
0.913
0.616
0.365
0.611
0.652
0.666
0.661
0.71
0.697
0.683
0.597
0.55
0.578
0.756
0.507
0.576
0.598
0.645
0.44
0.442
0.528
0.434
0.652

9.211
10.587
36.293
2.520
16.499
46.139
16.886
14.121
13.274
13.612
10.829
11.506
12.303
17.882
21.657
19.377
8.534
25.819
19.535
17.833
14.599
33.767
33.411
23.665
34.595
14.147

df1

df2

Sig.

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.001
.000
.000
.000
.000
.000
.000
.000
.000
.000

Locations:

Ifar Village
Putali Village
Sosiri Village
Group Centroid

Function 2

Results
A total of 56 fishes of Sentani gudgeon sampled,
consisting of 35 males and 21 females. The fish samples
have a range in the body length between 176.48 mm and
413.05 mm. Both the longest and the shortest one were
found in samples from Ifar Village. Furthermore, their total
weight has a range between 49.72 g and 1270.80 g. The
lightest sample was found in Ifar Village, while the
heaviest one was found in Sosiri Village. The detailed of
sex ratio (male/female) found in the three sampling sites
were as followed; Ifar Village (6/8), Putali Village (12/5),
and Sosiri Village 917/8).
Correlation analysis shown in table 3 indicate that there
was a high correlation between variables. The lowest
correlation value, 0,278, was found between variable A1
and A4. Conversely, the highest correlation, 0,963 was
situated between D5 and B2 characters. Furthermore, the
discriminant analysis of variables indicated that almost all
variable except A4 have value < 0.05.
The population structure can be seen through the
pattern of population grouping of morphological characters
that have been analyzed. The data has been obtained is the
result of measurement of morphometric truss. In addition,
data obtained from measurements of morphometric truss
can also be used to see the relationship of Sentani gudgeon
population from three sampling sites.

Function 1

Figure 3. The pattern of population clustering based on truss
morphometric measurement

Tabel 5. The coefficient of variation of each morphometric
characters
Characteristic

Coefficient of variation

A1
A2
A3
A4
A5

25.38
20.81
30.64
216.55
28.78

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10

36.96
23.58
16.76
31.16
37.84
18.85
36.46
38.92
31.05
28.78

C1
C2
C3
C4
C5
C6

32.16
22.25
37.95
29.17
26.51
27.08

D1
30.54
D2
29.79
D3
28.44
D4
30.27
D5
29.49
Note: The coefficient of variation average = 36.38%
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Table 3. Correlation analysis of 26 truss morphometric characters of Sentani gudgeon (Oxyeleotris heterodon)
Correlation

A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
C1
C2
C3
C4
C5
C6
D1
D2
D3
D4
D5

A1
1.000
0.833
0.762
0.278
0.865
0.783
0.891
0.744
0.853
0.817
0.840
0.565
0.823
0.867
0.829
0.840
0.834
0.767
0.855
0.851
0.837
0.786
0.816
0.830
0.761
0.860

Sig.(1-tailed)

A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
C1
C2
C3
C4
C5
C6
D1
D2
D3
D4
D5

0.000
0.000
0.019
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

A2
0.833
1.000
0.858
0.360
0.870
0.838
0.918
0.816
0.861
0.869
0.879
0.560
0.884
0.898
0.867
0.871
0.870
0.824
0.870
0.906
0.838
0.832
0.883
0.893
0.817
0.928

A3
0.762
0.858
1.000
0.318
0.858
0.790
0.832
0.819
0.757
0.771
0.748
0.311
0.740
0.789
0.810
0.782
0.762
0.789
0.723
0.799
0.688
0.822
0.873
0.851
0.841
0.795

A4
0.278
0.360
0.318
1.000
0.326
0.283
0.395
0.300
0.319
0.336
0.405
0.230
0.364
0.344
0.387
0.375
0.385
0.335
0.398
0.379
0.371
0.328
0.405
0.442
0.368
0.408

A5
0.865
0.870
0.858
0.326
1.000
0.841
0.911
0.725
0.899
0.854
0.911
0.650
0.868
0.919
0.902
0.904
0.841
0.772
0.860
0.903
0.851
0.858
0. 897
0.857
0.889
0.883

B1
0.783
0.838
0.790
0.283
0.841
1.000
0.895
0.846
0.859
0.874
0.831
0.469
0.843
0.876
0.886
0.881
0.822
0.890
0.886
0.897
0.824
0.924
0.926
0.893
0.874
0.862

B2
0.891
0.918
0.832
0.395
0.911
0.859
1.000
0.861
0.942
0.923
0.933
0.856
0.931
0.953
0.942
0.950
0.915
0.910
0.946
0.954
0.915
0.918
0.947
0.956
0.889
0.963

B3
0.744
0.816
0.819
0.300
0.725
0.846
0.861
1.000
0.814
0.843
0.752
0.159
0.810
0.788
0.805
0.806
0.831
0.924
0.800
0.845
0.732
0.868
0.868
0.881
0.779
0.815

B4
0.853
0.861
0.757
0.319
0.899
0.859
0.942
0.814
1.000
0.909
0.930
0.599
0.933
0.939
0.950
0.972
0.920
0.873
0.949
0.925
0.934
0.896
0.997
0.905
0.835
0.928

B5
0.817
0.869
0.771
0.336
0.854
0.874
0.923
0.843
0.909
1.000
0.873
0.585
0.902
0.916
0.911
0.914
0.872
0.860
0.905
0.928
0.881
0.852
0.876
0.857
0.844
0.924

B6
0.840
0.879
0.748
0.405
0.911
0.831
0.933
0.752
0.930
0.873
1.000
0.709
0.905
0.916
0.921
0.931
0.899
0.787
0.932
0.906
0.913
0.853
0.896
0.879
0.829
0.923

B7
0.565
0.560
0.311
0.230
0.650
0.469
0.586
0.195
0.599
0.585
0.709
1.000
0.578
0.647
0.588
0.601
0.529
0.292
0.648
0.573
0.640
0.437
0.458
0.425
0.485
0.605

B8
0.823
0.884
0.740
0.361
0.868
0.843
0.931
0.810
0.933
0.902
0.905
0.578
1.000
0.911
0.907
0.932
0.883
0.851
0.928
0.924
0.907
0.869
0.882
0.870
0.817
0.938

B9
0.867
0.898
0.789
0.344
0.919
0.676
0.953
0.788
0.939
0.916
0.916
0.647
0.911
1.000
0.929
0.951
0.870
0.874
0.940
0.950
0.903
0.885
0.904
0.908
0.878
0.937

B10
0.829
0.867
0.810
0.387
0.902
0.886
0.942
0.805
0.950
0.911
0.921
0.588
0.907
0.929
1.000
0.971
0.904
0.870
0.945
0.934
0.933
0.906
0.925
0.926
0.879
0.922

C1
0.840
0.871
0.782
0.375
0.904
0.881
0.950
0.806
0.972
0.914
0.931
0.601
0.932
0.951
0.971
1.000
0.919
0.887
0.958
0.937
0.943
0.902
0.924
0.925
0.872
0.941

C2
0.834
0.870
0.762
0.385
0.841
0.822
0.915
0.831
0.920
0.872
0.899
0.529
0.883
0.870
0.904
0.919
1.000
0.872
0.920
0.902
0.917
0.870
0.890
0.907
0.807
0.904

C3
0.767
0.824
0.789
0.335
0.772
0.890
0.910
0.924
0.873
0.860
0.787
0.292
0.851
0.874
0.870
0.887
0.872
1.000
0.876
0.897
0.835
0.923
0.918
0.940
0.857
0.869

C4
0.855
0.870
0.723
0.398
0.850
0.886
0.948
0.800
0.949
0.905
0.932
0.648
0.928
0.940
0.945
0.958
0.920
0.876
1.000
0.934
0.953
0.898
0.909
0.911
0.833
0.931

C5
0.851
0.906
0.799
0.379
0.903
0.897
0.954
0.845
0.925
0.928
0.906
0.573
0.924
0.950
0.934
0.937
0.902
0.897
0.934
1.000
0.901
0.893
0.929
0.918
0.873
0.951

C6
0.837
0.838
0.688
0.371
0.851
0.824
0.915
0.732
0.934
0.881
0.913
0.640
0.907
0.903
0.933
0.943
0.917
0.835
0.953
0.901
1.000
0.848
0.880
0.888
0.821
0.928

D1
0.786
0.832
0.822
0.328
0.858
0.924
0.918
0.868
0.895
0.852
0.853
0.437
0.869
0.885
0.906
0.902
0.870
0.923
0.898
0.893
0.848
1.000
0.944
0.936
0.917
0.864

D2
0.816
0.883
0.873
0.405
0.897
0.926
0.947
0.868
0.897
0.876
0.896
0.458
0.882
0.904
0.925
0.924
0.890
0.918
0.909
0.929
0.880
0.944
1.000
0.961
0.921
0.917

D3
0.830
0.893
0.851
0.442
0.857
0.893
0.956
0.881
0.905
0.857
0.879
0.425
0.870
0.908
0.926
0.925
0.907
0.940
0.911
0.918
0.888
0.936
0.961
1.000
0.901
0.917

D4
0.761
0.817
0.841
0.368
0.889
0.874
0.889
0.779
0.835
0.844
0.829
0.485
0.817
0.878
0.879
0.872
0.807
0.857
0.833
0.873
0.821
0.917
0.921
0.901
1.000
0.846

D5
0.860
0.928
0.795
0.408
0.883
0.862
0.963
0.815
0.928
0.924
0.923
0.605
0.938
0.937
0.922
0.941
0.904
0.869
0.931
0.951
0.928
0.864
0.917
0.917
0.846
1.000

0.000

0.000
0.000

0.019
0.003
0.008

0.000
0.000
0.000
0.007

0.000
0.000
0.000
0.017
0.000

0.000
0.000
0.000
0.001
0.000
0.000

0.000
0.000
0.000
0.012
0.000
0.000
0.000

0.000
0.000
0.000
0.008
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.006
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.044
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.005
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.006
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.015
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.007
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.003
0.000
0.000
0.000
0.000
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Table 6. The matrix of genetic distance values between sampling
successfully applied in discrimination of three clusters of
location which indicated the genetic relationship among Sentani
Rasbora fish in Danau (lake) Laut Tawar. A similar result
gudgeon (Oxyeleotris heterodon)
was also explained by Fernando and Amarasinghe (2011)

Population
Ifar Village
Putali Village
Sosiri Village

Ifar Village
0
0.120
0.068

Putali Village

Sosiri Village

0
0.065

0

Putali

Sosiri

Ifar

Figure 4. A dendrogram of genetic distance among Sentani
gudgeon (Oxyeleotris heterodon) based on truss morphometrics.

Analysis of 26 characters indicates that the
morphometric characters of each population in three
different locations (Ifar Village, Sosiri Village, and Putali
Village) have different characteristics. Homogeneous
characteristics are specified by each location, meaning that
the characteristics differ significantly (p-value <0.05).
The distribution pattern between populations, which
was separated the three villages into three clusters, based
on morphological analysis and canonical diagram was
shown in figure 3. The centroid group from Sosiri Village
is right on the X line, while the centroid group from Putali
Village and Ifar Village is far away on the X and Y axes.
Further, as the result of truss morphometric analysis of
Oxyeleotris heterodon, were also shown the genetic
distance value which indicated the relationship among
Sentani gudgeon (Table 6).
The furthest relationship was the population of Sentani
gudgeon originating from Putali Village with Ifar Village
of 0.120 while the closest relationship was the population
from Putali Village with Sosiri Village which is 0.065.
As shown in the dendrogram, the relationship among
Sentani gudgeon (Oxyeleotris heterodon) population is
depicted in two main clusters (Figure 4). The population of
the Putali Village is one group with Sosiri Village, whereas
a separate group is a population from the Ifar village.
Discussion
Earlier studies suggested the effectiveness of truss
morphometric technique in identifying the fish diversity,
especially among species which have high similarities. As
reported by Muchlisin (2013), the technique was

in two species of Cichlid fish in Sri Lanka estuaries.
However, until recently, morphometric research using truss
morphometric approach has not been conducted in Sentani
gudgeon. The fish has limited distribution area, in Papua
they can be found in Sentani Lake.
Correlation analysis of 26 characters of truss
morphometric of Sentani gudgeon showed the lowest
value, 0.278, situated between A1 and A4. Meanwhile, the
highest correlation, 0.963, devoted to D5 and B2. While
The B2 represented a character of the dorsal portion of the
fish pointed to a line from the dorsal end of the head to the
front end of dorsal find I, the D5 is a line of the base of the
lower tail joint - the base of the upper tail joint. The high
correlation value, almost 100%, between B2 and D5
indicate that increasing length of B2 character coincides
with the increasing length of D5 character. The dorsal
portion of fish represented by B2 character would also
significantly influenced the parameter of weight and height
of the fish body. When the fish grew in height and
increased its dorsal portion weight due to lipid deposit, so
the B5 character which represented the tail fin also increase
its hight. The synchronization of the growth behavior can
be attributed to the movement of fish. The fish's back is
getting taller and heavier, so it needs a high, big and strong
tail fin. Therefore, when the B2 character increases, the D5
character increases.
Previous studies by Atang et al. (2015) reported the
successful use of truss morphometric approach in the sex
determination of the seed of Marble goby (Oxyeleotris
marmorata). They claimed that the characters of A2, A4,
B5, and B6 were significantly different. Due to the
continuing growth of the seeds were affected by many
factors so that the growing character between adult and
seeds were probably different. However, in the recent
study, measurements on Sentani gudgeon morphometry
were not performed on the seeds. Interestingly, there were
similarities between research conducted by Atang et al.
(2015) with a morphometric study of Sentani gudgeon
particularly in the growth occurred vertically and
horizontally. The D5 character in Sentani gudgeon showed
vertical growth, whereas in fish betutu is found on
characters A2, A4, and B6. Horizontal growth in Sentani
gudgeon occurred in character B2, whereas in fish betutu it
found in character B5.
Sentani gudgeon has morphological characters that can
be used for differentiation purpose. Testing through
discriminant analysis resulting in value <0.01, meaning that
the truss morphometric can be used to identify the diversity
of Sentani gudgeon populated in Lake Sentani. The
technique can also identify the population structure in the
form of the spreading or clustering of the population. The
canonical diagram illustrated in Figure 3 showed the
morphological character of Sentani gudgeon from three
separate populations.
The clustering pattern seen in canonical diagrams were
considered due to the behavioral type of the Sentani
gudgeon that tends to be passive, similar to the nature of
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the betutu fish, its close relative in the same genus. Betutu
fish can stand for hours without shifting from its place, the
reason why it is often referred to as lazy fish (Astuti et al.
2000). Furthermore, the lazy characteristic has caused
Sentani gudgeon does not have wide dispersal area and
their mating system were limited to the individuals residing
in that population. This behavior might lead the character
of the population in each location is not so varied. The next
possibility is that there are no breading efforts between the
population of Sentani gudgeon originating from other
regions, for example from Papua New Guinea. Such efforts
possibly may add to the morphological variation of the
Sentani gudgeon found on Lake Sentani. According to
research conducted Muharran et al. (2012) in koi carp,
breeding activities can add morphological variation in koi
carp populations. The last possibility due to past geological
events that occurred in Lake Sentani and causing the
population of Sentani gudgeon lived in Lake Sentani has
morphological variations that cluster according to their
habitat. This is most likely to happen in-breeding if it
persists. The canonical diagram formed showed that the
population of Sentani gudgeon should be subject to
breeding.
The genetic distance is the degree of gene differences
between species or between populations in species that can
indicate genetic relationships. The genetic distance value
has a range of 0-1. A value of 0 indicates that allele
frequencies in both populations are equal, and when the
value is 1 if both populations do not have the same allele.
The higher the genetic distance, the more the genetic
relationship between these populations (Nei 1987). The
result of the truss morphometric measurement shown the
farthest genetic distance situated between the population of
Sosiri Village and Ifar Village, while the closest genetic
distance is from the population of Sosiri Village with Putali
Village. Visible on the map, based on the geographical
location of the three sites, the distance between Putali
Village is closer to Ifar Village compared to Putali Village,
but in fact, the population has a far genetic distance. This
can be due to geographical factors such as the depth of
Lake Sentani. According to the bathymetry map of Sentani
Lake between Putali Village and Ifar Village, the depth is
more than 50 meters, so there is little gene exchange or no
gene exchange at all. The population of Sosiri Village is
closer to Putali Village. This is possible due to the two
locations are separated by Simporo Strait which is not very
deep, so it eases the movement of Sentani gudgeon
(Oxyeleotris heterodon). The depth of the Simporo Strait is
less than 50 meters (Indrayani et al. 2015).
The dendrogram construction showed the three
populations divided into two clusters. The population that
came from Sosiri Village join the cluster with population
from Putali Village. The population from Ifar Village was
isolated as a single cluster so that the gene differences and
genetic distance between the two groups were very large.
The study of the migratory pattern of the typical Striped
snakehead (Channa striata), which is a species of the same
family as the Sentani gudgeon, indicates that the fish have
low migratory and seasonal unaffected capabilities (Halls
et al., 1998). Populations that have low migration tend to
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retain their morphological characters on a descending scale.
Similar results obtained by Budiharjo (2001) on Silver barb
or tawes (Barbodes gonionotus) who examine the fish in
three different habitats. In the lake habitats contained
within the cave caused changes and morphological
differences in tawes populations due to environmental
factors. One environmental factor that is temperature is one
factor that can cause morphological changes. If during the
development of a fish embryo at a temperature lower than
its optimum temperature and continues from one
generation to the next it can stimulate the number of
vertebrates to maximize in its variation. This factor is
thought to have the most influence on the change in the
number of tawes in the lake vertebrates contained in the
Cave Seropan, Sewu Mountains, Indonesia.
Results from the calculation of the genetic distance and
visualization of the dendrogram provide an overview of the
strategies of conservation conducted on Sentani gudgeon.
The breeding programs should be done, especially for
populations from Sosiri Village or Putali Village with
populations from Ifar Village. If there is no crossing, it is
likely that in the future there will be in-breeding of Sentani
gudgeon population at every location, especially in the
population in Ifar Village with Putali Village which will be
used as fishery sanctuary.
Research by Indriyani (2015) on the availability of
plankton and benthos as a food source, it is seen that the
waters of Sentani Lake are still supporting organisms living
in this area. Some of the physical and chemical parameters
of the waters of some conditions have exceeded the water
quality standard threshold. The content of pH in Lake
Sentani is neutral tend to alkali, this is due to the limestone
hills found in Cyclop Mountain that surround Lake Sentani.
Lime enters Lake Sentani through the process of erosion
through the rain. Ammonia content (NH3) should not exist
in water, but in Lake Sentani already contain the material
that is as much as 0.003-0.53 mg / L, it means that there is
contamination that if not prevented will endanger the
organism in Lake Sentani including Sentani gudgeon.
In conclusion, the diversity of Sentani gudgeon
(Oxyeleotris heterodon) morphology measured from 26
morphometric characters, there are two distinct characters,
and 24 characters are not significantly different. The
dispersion of phenotype based on discriminant analysis
yielding canonical diagram shows three groupings of
Sentani gudgeon based on the morphometric analysis. truss
morphometric can reveal the diversity of Sentani gudgeon
in Sentani Lake.
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Abstract. Yuliana, Irfan M. 2018. The best incubation time for primary productivity of phytoplankton in Laguna Lake, North Maluku,
Indonesia. Biodiversitas 19: 1021-1028. Primary productivity of phytoplankton is a source of energy and organic matter utilized by
organisms at higher food chain levels. The measurement of the high rate of primary productivity can be done through the incubation of
sample water at a particular time and time depending on sunlight intensity. This study aimed to estimate the best incubation time to
achieve the highest primary productivity of phytoplankton in Laguna Lake, Ternate City, North Maluku Province, Indonesia in February
2017. The study was conducted at one location with four different levels of depth of 0, 5, 10, and 15 meters, and at three incubation
times, i.e., 09:00-13:00, 10:00-14:00, and 11:00-15:00 (Eastern Indonesian Time). The chemical and physical parameters of radiance,
temperature, pH, nitrate, and orthophosphate content were measured to estimate water quality of the lake. The results of this study
showed that were 10 genera of phytoplankton belonging to Bacillariophyceae (6 genera), Chlorophyceae (4 genera), and Cyanophyceae
(2 genera). The Laguna Lake has temperature ranged between 29.0-31.1oC, nitrate content of 0.22-0.58 mg l-1, orthophosphate content
of 0.14-0.27 mg l-1, and pH 7. The primary productivity value at incubation time 09:00-13:00; 10:00-14:00; and 11:00-15:00 were of
101,851-258,278; 40,59-351,643; and 76,197-305,754 mgC m-3 hours-1, respectively. The best incubation time that provides the highest
value in the measurement of primary productivity of phytoplankton at Laguna Lake was at 10:00 am to 14:00 pm.
Keywords: Incubation time, Laguna Lake, phytoplankton, primary productivity

INTRODUCTION
The lake is public waters with open ecosystems formed
through either volcanic activity (volcanic lakes) or
earthquakes (tectonic lakes). The lakes have a complex
ecosystem, including different types of biota associated
with them. The biota may undergo population dynamic
change depending on the condition of the lake. A poor state
of lake ecosystems and its biota can be implied from their
physical, chemical, and biological characteristics. Aquatic
organisms which lived in the waters can determine the
level of primary productivity contained in the waters. Thus
such organisms can be one of the indicators of water fertility.
The waters fertility may reflect the existence of primary
producers (phytoplankton) of the lakes is very important
because they are the major contributor to provide organic
material needs by other organisms living within. Primary
productivity was the number of organic materials produced
by autotrophic organisms. This was primarily done by
phytoplankton through the process of photosynthesis
(Wetzel 1983; Parsons et al. 1984).
Primary productivity of phytoplankton is one source of
energy and organic materials utilized by organisms at the
higher food chain level. Several factors that affected the
primary productivity included sunlight, nutrients,
temperature, and community structure and phytoplankton
abundance (Nybakken 1982; Wetzel 1983).
Primary productivity is measured by considering the
highest current sunlight through carrying out incubation
process to calculate the amount of primary productivity. In

the incubation, the determination of incubation time is
based on the desire of the researcher so that the result of
primary productivity of waters is different between one
researcher and the other researchers (Tambaru and Samawi
2008). This is because there is no standard in determining
the best time in primary productivity measurement, while it
is very important to know in the waters. Therefore, it is
expected that this research will get the incubation time
gives the highest primary productivity value, so that in
primary productivity measurement, we get result which is
closer to the value of actual primary productivity content in
the waters (Tambaru 2000; Tambaru and Samawi 2008).
Laguna Lake is one of the existing lakes in Ternate
Island that has great potential as a source of land fisheries
and to serve as a tourist attraction site. Currently, the
waters have been utilized by the local community as
Keramba Jaring Apung (KJA). Laguna Lake is thought to
have high primary productivity due to the high intensity of
sunlight that penetrated into the lake. This research was
aimed to estimate the best incubation time that provides the
highest primary productivity of phytoplankton in Laguna
Lake.
MATERIALS AND METHODS
This study was conducted at Laguna Lake, Ternate
City, North Maluku Province, Indonesia (Figure 1), in
February 2017. There were four depths used in this study,
i.e., 0.5, 10, and 15 meters. The incubation time was
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determined following Tambaru (2000) and Yuliana (2006).
They considered that the highest primary productivity
obtained at the incubation time of at 10:00 to 14:00.
However, the sunlight reached the earth surface was varied
by time and location, hence we used three periods of
incubation time at 09:00-13:00; 10:00-14:00, and 11:0015:00. ; it was repeated three times based on the day. The
primary productivity of phytoplankton was measured by
the oxygen content in a light-dark bottle after being
incubated for 4 hours. We used a 125 ml oxygen bottle for
this experiment. Sixteen bottles were used at each
incubation time, so there were 48 bottles in total. For every
16 bottles, we put 4 bottles at each depth. Consequently,
there were three variations of every 4 bottles, i.e., 2 bright
bottles, 1 dark bottle, and 1 initial bottle. The dark bottle
was modified by coating with black plastic.
Water sampling was done at each depth by using a
water sampler Kemmerer, then put into experimental
bottles. Filling the bottle was need to be done carefully to
avoid bubbling. Oxygen measurement was carried out first
for the of the initial bottle, followed by the other bottles (2
bright bottles and one dark bottle). These bottles were
incubated at each incubation time set previously, and at
each level of depth.
The calculation of primary productivity conducted
according to Umaly and Cuvin (1988) with the following
formula:

Gross photosynthesis (mgCm-3h-1) = (O2BT)- (O2BG) (1000) x 0.375
(PQ) (t)
Net Photosynthesis (mgCm-3h-1) = (O2BT)- (O2BA) (1000) x 0.375
(PQ) (t)
Where:
O2 = dissolved oxygen (mg.L-l); BT = bright bottle; BG
= dark bottle; BA = initial bottle; PQ = result for
photosynthesis (1, 2); t = length of incubation (hours)

Water samples for phytoplankton specimens were
filtered in a volume of 30 liters by using a 25 μm pivot
plankton net. The filter was transferred to a 35 ml volume
bottle and preserved in 4% formalin; this was conducted at
each incubation time at various depths.
The abundance of phytoplankton was calculated based
on equation according to APHA (2005):
N = Oi / Op x Vr / Vo x 1 / Vs x n / p
Where:
N = A number of individuals per liter; Oi = the glass
area of the preparatory cover (mm2); Op = area of one field
of view (mm2); Vr = filtered water volume (ml); Vo =
observed water volume (ml); Vs = volume of filtered water
(L); n = the number of planktons on the entire field of
view; p = the number of observed field of view

Figure 1. Research location in Laguna Lake, Ternate, North Maluku Province, Indonesia

YULIANA & IRFAN – Best incubation time for primary productivity of phytoplankton

Identification of phytoplankton was following Davis
(1955), Needham (1962), and Mizuno (1979). Other
supporting data were also be recorded on site such as
temperature, sunlight, and pH (as the chemical-physical
parameter), while nitrate and orthophosphate were
analyzed using spectrophotometer (APHA 2005) in the
laboratory of productivity and quality of waters at the
Faculty of Marine and Fisheries Sciences Hasanuddin
University.
The best incubation time interval in primary
productivity was analyzed by using randomized block
design (Steel and Torrie 1962), with the following formula:
Yij = μ + σi + Kj + ij
Where:
Yij = primary productivity; μ = general middle value; σi
= i-th treatment to-i (incubation time to-i); Kj = group of-j
(jth depth); ij = error treatment.
The LSD (least significant difference) test is used to
view the highest incubation time interval period.
RESULTS AND DISCUSSION
The composition of phytoplankton species
The results of our study found 12 genera of phytoplankton,
i.e., Bacillariophyceae (6 genera), Chlorophyceae (4
genera), and Cyanophyceae (2 genera) in Laguna Lake.
The number of genera found in Laguna Lake was less than
those of Zhao et al. (2016) in Bange Lake who recorded 41
genera, Ganai and Parveen (2014) in Wular Lake who
found 64 genera, Rudiyanti et al. (2017) in Jatibarang
Reservoir who found 21 genera, and Rahman et al. (2016)
in Toba Lake who recorded 35 genera. Among our finding,
Bacillariophyceae was the dominant class in all periods of
time and depths, followed by Chlorophyceae. This was in
accordance with the previous studies (Yuliana and Tamrin
2007; Yuliana 2007; Ikhsan et al. 2015; Ganai and Parveen
2014; Rudiyanti et al. 2017). However, other studies (Umar
2003; El-Karim 2008); Merina et al. 2014) reported that
Chlorophyceae was predominant in Juanda Jatiluhur Dam,
Lake Manzala, and Maninjau Lake. On the other hand,
Cyanophyceae was dominant in Cirata (Baksir 1999), Toba
Lake (Rahman et al. 2016), and Lake Kortowskie
(Jaworska et al. 2014). Meanwhile, phytoplankton was
dominated by nonheterocystous cyanoprokaryotes in Lake
Bukoni (Nyakoojo 2010). In freshwater, particularly lakes
and reservoirs, phytoplanktons that were dominant,
widespread and played an important role in the food chain
were
Bacillariophyceae,
Cyanophyceae,
and
Chlorophyceae (Ruttner 1973; Boney 1975; Sellers and
Markland 1987; Noryadi 1998).
In general, Bacillariophyceae had the highest
percentage of abundance (57%), and the lowest (6%) was
Chlorophyceae (Figure 2). These results are different from
Liu et al. (2014) in Poyang-Junshan Lake that found the
highest grade percentage was Chlorophyta (47.2%). This
figure indicated that Bacillariophyceae have better growth
in the Laguna Lake compared to the other phytoplankton.
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Figure 2. Composition of phytoplankton species at Laguna Lake,
Ternate, North Maluku Province, Indonesia

Results from depth analysis (Figure 3) suggested that
there was a different dominance of phytoplankton among
each depth. At a depth of 0 m, Cyanophyceae was the
dominant (54.1%), and Chlorophyceae was least dominant
(4.1%). Rahman et al. (2016) also observed that
Cyanophyceae was mostly found (>40%) in Toba Lake.
Meanwhile, Bacillariophyceae was dominant (56.6%) in a
5 m depth, while Chlorophyceae was the least observed
(6.3%). Bacillariophyceae still dominated (85.4%) in the 10
m depth, while the least dominant was the Cyanophyceae
(1.3%). Meanwhile, at a depth of 15 m, Cyanophyceae was
dominant (63.2%), and Chlorophyceae was absent in this
depth. The dominance of the Cyanophyceae at a depth of
15 m was due to the orthophosphate content supporting the
growth of phytoplankton. This finding was in agreement to
previous studies (Sulastri (2011; Lv et al. (2011; Jiang et al.
2014) who considered that Cyanophyceae was common
phytoplankton and very abundant in aquatic conditions
with high phosphate concentrations.
Concerning the incubation time (Figure 3), the first
incubation time (09:00-13:00) was dominated by
Bacillariophyceae (76.4%), and Chlorophyceae was least
frequently found (2.4%). At incubation time II (10:0014:00), Cyanophyceae was mostly observed (51.3%) while
Chlorophyceae was least found (8.0%). At incubation time
III (11:00-15:00), Bacillariophyceae also dominated
(93.5%), and the least observed was the Chlorophyceae
(1.95%) (Figure 3).
Our observations on the distribution of phytoplankton
Laguna Lake showed that Bacillariophyceae class was
found in the highest percentage (the number of genera) at
all incubation times and depths, while Chlorophyceae dan
Cyanophyceae were found at all incubation times but
absent at all depths (Figure 3). Chlorophyceae was not
observed at the following condition: at a depth of 0 m and
incubation time I (09:00-13:00), at a depth of 5 m and
incubation time II (10:00-14:00), as well as at a depth of 15
m at all incubation time. Furthermore, Cyanophyceae class
was not recorded at the following condition: at a depth of 0
m incubation time I and III, at a depth of 5 m incubation
time III, at a depth of 10 m incubation time I and II, as well
as at a depth of 15 m incubation time II. Nitszchia was a
genus of Bacillariophyceae class obtained almost at all
incubation times and depths, except for 15 m incubation
time II and III, while Spirogyra (Chlorophyceae class) was
only found at incubation time II (10:00-14:00).
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The highest number of genera was found at a depth of 5
m that was 10 genera, and the lowest number of genera was
found at a depth of 0 m. The presence of phytoplankton is
influenced by several factors, including nutrients, light
conditions, temperature, pH, and predation by zooplankton
and planktivorous fish (Lau and Lane 2002; Yu 2010; Jiang
et al. 2014). The high number of genera found at a depth of
5 m. The intensity of light at this depth was in the optimum
condition so that phytoplankton can perform
photosynthesis at their best (Tambaru 2000). Meanwhile,
the lowest number of genera was found at a depth of 0 m.
The light entering into the column of this waters at this
depth was in a much higher intensity exceeding the
optimum requirement for the growth of phytoplankton so
that it inhibited photosynthesis activity.
The number of genera observed in each incubation time
was not too different, are as follows: incubation time I
(09:00-13:00): 9 genera, incubation time II (10:00-14:00):
12 genera, and incubation time III (11:00-15:00): 10
genera. This suggests that all genera were found at
incubation time II, but not at incubation times I and III.
Abundance of phytoplankton
The abundance of each (genera) of phytoplankton
observed in Laguna Lake was varied, with a range of
412.91 to 71433.93 ind.1-1. The most abundant
phytoplankton was Microcytic (Cyanophyceae class). The
presence of Microcytic indicated that Laguna Lake was
eutrophic waters. Abrantes et al. (2006), Elliott and May
(2007), Groga et al. (2014), and Jiang et al. (2014) reported
that some common types of phytoplankton that were very
abundant in eutrophic waters were Anabaena, Microcytic,
Chroococcus,
and
filamentous
species
such
Aphanizomenon. Furthermore, Carmichael (2001) and
Chen et al. (2008) explained that Anabaena and
Microcystis are the toxic phytoplankton types and causes
problems associated with hypoxia as well as changes in the
structure of biological communities.

Other genera of phytoplankton that were also
abundance in Laguna Lake were Nitzschia and Diatoma
(Bacillariophyceae), while Anabaena (Cyanophyceae) was
dominant in Toba Lake (Rahman et al. 2016) and
Cylindrospermopsis raciborskii was dominant in Lagoa
Santa (Figueredo and Giani 2009). The different nature of
dominance between those lakes may occur due to the
differences in water quality, especially the concentration of
nutrients contents.
There was a general pattern observed in the abundance
of phytoplankton during all incubation times and various
depth selected in this study. The highest abundance
(120778 ind.L-1) of phytoplankton was at incubation time II
(10:00-14:00), and the lowest abundance (20027 ind.L-1)
was at incubation time III (11:00-15:00) (Table 1). These
values were relatively high compared to those at Laguna
Lake (Yuliana 2007), Poyang-Junshan Lake (Liu et al.
2014), and Maltański Reservoir (Kozak et al. 2015).
Table 1. The abundance of phytoplankton in each incubation time
at varying depths level in Laguna Lake, Ternate, North Maluku
Province, Indonesia
Incubation time

Depth (m)

09:00-13:00

Abundance (ind. L-1)

0
5
10
15

3716
8258
17755
13213
42942

0
5
10
15

40053
75976
4336
413
120778

0
5
10
15

1239
5781
10942
2065
20027

Total
10:00-14:00

Total
11:00-15:00

Total

SD = 31.72
SD = 26.04

SD = 25.36

SD = 22.54

SD = 38.49
SD = 52.13

SD = 48.70

A

B

Figure 3. Composition of phytoplankton species based on depth (A) and incubation time (B) in Laguna Lake, Ternate, North Maluku
Province, Indonesia

YULIANA & IRFAN – Best incubation time for primary productivity of phytoplankton

The highest abundance obtained at a depth of 10 m had
already been expected. Before the first incubation time was
carried out, phytoplankton was still concentrated nearby the
bottom of the waters due to the absence of light (Tambaru
2000). Therefore, at the first incubation time, the highest
abundance was found in the water column nearby the
bottom of the water (10 m depth).
For the incubation time II (10:00-14:00), the abundance
of phytoplankton ranged from 413 to 75976 ind.L-1 (Table
1). The most abundance of phytoplankton was observed at
a depth of 5 m (75976 ind.L-1), and the lowest was at 15 m
(413 ind.L-1). The highest abundance found at a depth of 5
m was due to the intensity of light that was getting stronger
and suitable for the development of phytoplankton. During
the incubation time II, the light intensity was at its best, so
that phytoplankton tended to be more active to breed and
grew well in this depth. There was a possibility of an
increase of abundance of phytoplankton at a depth of 0 and
5 m (surface), but at a depth of 15 m (at the bottom of the
waters) phytoplankton abundance decreased. At incubation
time III (11:00-15:00), the most abundance was at-10 m
depth, and the lowest was at 0 m depth (Table 1). At this
incubation time, the light intensity was still powerful so
that phytoplankton could not grow well at depths of 0 and 5
m. At incubation time III (11:00-13:00) the intensity of
sunlight was still an inhibiting factor for phytoplankton at
that depth.
Water quality parameters
Measurements of several water quality parameters
influencing the growth and development of phytoplankton
at Laguna Lake were presented in Table 2. The nitrate
concentrations measured during the study had a range
between 0.22 and 0.58 mg.L-1 (Table 2). Based on the
content of nitrate obtained, Laguna Lake was included in
the category of eutrophic waters as was explained by
Goldman and Horne (1983) that waters with the
concentration of nitrate > 0.2 mg.L-1 were at eutrophic
level. Nitrate was the major form of nitrogen in the water
characterized by its stability and very soluble in water.
Nitrate was easily found in waters contaminated by organic
waste. However, the Laguna Lake had not been categorized
as contaminated waters because it had a nitrate content of
fewer than 1 mg.1-1 (Table 2). Weiner (2008) stated that a
nitrate concentration between 1 and 2 mg.L-1 could indicate
contamination of fertilizer from the activity of farming, and
disposal domestic and industrial waste (Alvarez-Vazquez et
al. 2014). Mackentum (1969) further reported that
phytoplankton requires nitrate content in the range of 0.93.5 mg.L-1 for their optimal growth.
The concentration of orthophosphate obtained during
the research had a range between 0.14 and 0.27 mg.L-1
(Table 2). Wu and Wang (2012) explain that the total of
orthophosphate concentration > 0.20 mg.L-1 showed a high
or eutrophic fertility level. Mackentum (1969) also
considered that to the optimal growth of phytoplankton
requires orthophosphate concentration in the range of 0.091.80 mg.L-1. Thus the Laguna Lake was considered to
having a moderate to high fertility level. However, Bruno
et al. (1979 in Sumardianto 1995) stated that the optimal
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concentration of orthophosphate for the growth of
phytoplankton was 0.27-5.51 mg.L-1, if the content were
less than 0.02 mg.L-1, it would be an inhibiting factor for
phytoplankton growth. Kepmen LH (2004) determined the
phosphate threshold value to be 0.015 mg.L-1 or 0.465
µgA.l-1. Following the criteria proposed by Bruno et al.
(1979 in Sumardianto 1995) and Kepmen LH (2004), the
orthophosphate concentration obtained in Laguna Lake had
not been a limiting factor and even a factor supporting the
growth and development of phytoplankton.
The temperature measured during the study at Laguna
Lake ranged between 29.0 and 31.1oC (Table 2). Effendi
(2004) stated that the optimum temperature ranges for the
growth of phytoplankton in the waters were between 2030oC. The temperature of the Laguna lake was a little
higher than suggested by Effendi (2004), but this was still
suitable for the growth of phytoplankton.
The pH value obtained at all depths and incubation
times was 7 (Table 2) and was suitable for the optimal
growth and development of phytoplankton. Pescod (1973)
stated that the ideal pH for phytoplankton life ranged from
6.5 to 8.0. Effendi (2004) explained that pH values between
4.5-6.5 could lead to a decrease of diversity and the
composition of the plankton.
Primary productivity
The primary productivity obtained during the study at
Laguna Lake had value ranged between 76.197 and
351.643 mgCm-3hour-1 (Table 3). This value was higher
than the results of Feresin et al. (2010) who reported that in
a tropical Brazilian shallow lake the primary productivity
value ranged between 10.3 to 34.6 mgCm-3h-1, and
Tadonleke et al. (2009) found that the primary productivity
in Lake Geneva was 767.5 mgCm-2days-1. The primary
productivity obtained in this study was varied for each
incubation time (Table 3). The highest primary productivity
was observed at incubation time II, followed by incubation
time III, and incubation time I (Figure. 3). As a composite,
the highest primary productivity was obtained at incubation
time II (1099.871 mgCm-3hour-1), and the lowest was at
incubation time I (684.643 mgCm-3hour-1).
Table 2. The water quality parameters measured in Laguna Lake,
Ternate, North Maluku Province, Indonesia
Parameters
Nitrate
OrthopH (mg.L-1) phosphate
(mg.L-1)
7
0.28
0.15
7
0.35
0.20
7
0.24
0.22
7
0.57
0.25

Incubation
time

Depth
(m)

Temp.
(oC)

09:00-13:00

0
5
10
15

29.0
29.0
29.2
29.2

10:00-14:00

0
5
10
15

30.6
30.2
30.4
30.0

7
7
7
7

0.26
0.30
0.22
0.58

0.14
0.21
0.21
0.27

0
5
10
15

31.1
30.8
30.1
30.3

7
7
7
7

0.25
0.32
0.23
0.53

0.17
0.19
0.23
0.24

11:00-15:00
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The high primary productivity observed at incubation
time II was caused by the best utilization of light by
phytoplankton during which period light came on a broader
angle and reached the peak of irradiation with the
maximum arrival angle between 12:00-13:00 (Tambaru
2000). The light intensity reaching the surface of the waters
penetrates strongly into the water column in greater arrival
angle, causing the higher intensity of sunlight to penetrate
into the waters and vice versa (Parsons et al. 1984). This
high intensity of light affected the utilization of more light
by phytoplankton for the process of photosynthesis.
Similarly, regarding light adjustment by phytoplankton in
performing its activity, it was presumed to have been
achieved in period II. This was due to the adjustment that
had taken place at the sunrise time since at 06:00 am, so the
overall light intensity was utilized by phytoplankton for
photosynthesis.
The incubation time I gave the lowest productivity
among the three incubation times. The new phytoplankton
performed the level of adjustment with the conditions of
light intensity that just entered the waters in the morning.
The phytoplankton at that time has just adjusted to the
water layer where the light intensity was following their
needs and developments. Jeffries and Mills (1996 in
Effendi 2004) reported that the great light intensity affected
the behavior of aquatic organisms. Planktonic algae
showed a response to the presence of light intensity by
making a vertical movement to the water column. This
period of adjustment caused by phytoplankton did not

perform photosynthesis optimally. These phenomena
caused the primary productivity level in this period were
lower than incubation time II and III.
Primary productivity obtained at Laguna Lake was
varied at each level of depth (Table 3). The highest value
was found at a depth of 5 m, and the lowest was at a depth
of 15 m. The highest primary productivity content found at
a depth of 5 m was caused mainly by light and nutrients. At
this depth, the intensity of sunlight entering to the water
column at all incubation times was at optimum conditions
for phytoplankton. Similarly, the nutrient content (nitrates
and orthophosphates) at this depth had nitrate content of
0.30 to 0.35 mg.L-1 and orthophosphate content of 0.190.21 mg.L-1.
The concentrations of nitrates and orthophosphates
were at a suitable level for phytoplankton to grow and
develop. The light conditions and nutrient content that was
suitable for phytoplankton caused these organisms to be
able to perform optimum photosynthesis. The lowest
primary productivity content at a depth of 15 m, this
mainly due to the intensity of sunlight resulted in low the
nutrient content (nitrates and orthophosphates) compared to
those at a depth of 5 m. The concentrations of each nutrient
at a depth of 15 m were nitrate: 0.53-0.57 mg.L-1 and
orthophosphate:
0.24-0.27
mg.L-1.
The
primary
productivity of phytoplankton at this depth was found to be
lower compared to other depths (depths of 0, 5, and 10 m).

SD = 45.09
SD = 97.81

SD = 32.42
SD = 70.72

Figure 3. The primary productivity value of phytoplankton at each incubation time and several levels of depths at in Laguna Lake,
Ternate, North Maluku Province, Indonesia

YULIANA & IRFAN – Best incubation time for primary productivity of phytoplankton
Table 3. The Primary Productivity Value at each incubation time
and various depth in Laguna Lake, Ternate, North Maluku
Province, Indonesia
Depth (m)

PP (mgCm-3hour-1

09:00-13:00

0
5
10
15

258.278
164.790
159.724
101.851

10:00-14:00

0
5
10
15

348.408
351.643
259.230
140.590

11:00-15:00

0
5
10
15

305.754
208.065
122.430
76.197

Incubation time

When the content of primary productivity of
phytoplankton at Laguna Lake was examined at each
depth, the highest primary productivity level was observed
at incubation time II (348.408 mgCm-3hour-1), and the
lowest was at incubation time I (258.278 mgCm-3hour-1).
At a depth of 5 m, the highest productivity was at
incubation time II (351.643 mgCm-3hour-1), and the lowest
was at incubation time II (164.79 mgCm-3hour-1). At a
depth of 10 m, the highest value was at incubation time II
(259.23 mgCm-3hour-1), and the lowest was at incubation
time III (122.43 mgCm-3hour-1). At a depth of 15 m, the
highest value was at incubation time II (140.59 mgCm3
hour-1), and the lowest was at incubation time III (76.197
mgCm-3hour-1).
Observation on incubation times used in this study
showed that the difference of light period affected the
primary productivity of phytoplankton in the Laguna Lake.
The results of LSD test showed the highest incubation time
was obtained at incubation time II (10:00-14:00). During
this incubation time, the intensity of sunlight was at the
optimal condition for the growth of phytoplankton to
produce the highest level of primary productivity.
It can be concluded that the primary productivity
observed during the study ranged from 76.197-351.643
mgC m-3 hours-1. The differences of light period (time
interval) affected the primary productivity of
phytoplankton in Laguna Lake, with the highest primary
productivity value obtained at incubation II (10:00-14:00),
followed by incubation time III (11:00-15:00), and I
(09:00-13:00).
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Abstract. Syahrawati M, Nelly N, Hamid H, Efendi S. 2018. Short Communication: Abundance of corn planthopper (Stenocranus
pacificus Kirkaldy 1907, Hemiptera: Delphacidae) on five new corn varieties. Biodiversitas 19: 1029-1034. Both local and hybrid corn
varieties have been attacked by Stenocranus pacificus or corn planthopper frequently grown in West Sumatra. So, the basic aim of the
study is to know about the abundance of S. pacificus on major five corn varieties that will be intermittently released viz., N35, N37,
NT10, NT104, and NT105. The study was conducted around palm plantation in Dharmasraya District using Randomized Block Design
in 5 replications. The observations were made at weekly intervals throughout the season after planting up to 8 weeks. Number of S.
pacificus were collected from 16 hills by using simple aspirator, selected randomly from each unit. The measurement of leaf length, leaf
width, stem diameter and trichome length were also performed to confirm the physical effect of S. pacificus preferences. LSD test at 5%
level of significance was done to determine the influence of different varieties on insect population. The S. pacificus preferably effect to
NT10 variety as compared to other varieties from the early growth of corn, but the S. pacificus abundance was higher at the generative
phase than the vegetative. There was a very rapid increase in its population from week to week. Physical factors of the plant, as like as
trichome, affected the insect abundance.
Keywords: Corn planthopper, population, new varieties of corn, physical barrier

INTRODUCTION
Corn (Zea mays) is one of the most important crops
around the world after rice and soybean, and it also
becomes the most important and staple food crop of
Indonesia (Suarni 2009), which is also used as animal feed
and for other industrial needs (Suarni and Yasin 2011). So
for the same purpose, the corn demand, is steadily
increasing. But, data from MoA (2016) showed that the
development of the national corn trade in 2005-2014
tended to be negative, because the demand of corn was very
high yet not fulfilled by increasing domestic production.
One of the several ways to increase domestic corn
productivity is plant breeding program. Germplasm of high
genetic diversity is required to obtain many superior
varieties of corn. The widely used technique is a single
cross method because it is the most efficient in the
utilization of plant heterosis ability and is often a reference
for plant breeders to get a better cross than their parents
(Falconer, 1981). Besides that, synthetic varieties are the
result of random crossing using multiple cross models
through open pollination between several inbred until
stable offspring is obtained. Synthetic varieties have a more
diverse genetic composition impart greater level of
resistance to environmental stress as well as certain pests
and diseases (Subandi 2003).
During 2011-2016, the area planted to corn was about
22% of the total area to food crops, which was planted on

an area of 3, 958 ha, with total production reaching 19,941
tons (Nuryati et al. 2016). We predicted that the trend
would continue to increase in 2017, related to the great
support from government to increase planting area and use
of new hybrid varieties that able to multiply the corn yield
in "Upsus dan Siwab 2017" Program (MoA 2017). In order
to corn, cultivation runs well, so the superior varieties must
also resist pest and pathogen attacks, including corn
planthopper.
There are three mechanisms of plant resistance to
insects, namely antixenosis, antibiosis, and tolerance.
Antixenosis is the ability of plants to block the presence of
insects prior to the attack, and then the insects respond by
not using the plant to eat, lay eggs, and shelter. Antibiosis
is the ability of plants to block insects for exploiting parts
of plant; then the insect will not develop well, for example,
low fecundity, small size, long life cycle and high
mortality. Meanwhile, tolerance is a genetic character of
plant that protects it from pests; there is no shortage of
results in quantity and quality. The plant resistance to
insect pests is not present suddenly but due to several
things, such as genetic, morphological and chemical factor
as well as ecology. Genetic factor is resistance managed by
inherited genetic traits. Morphological and chemical factors
are resistance caused by the form and presence of certain
substances in plants that harm pests. Then, ecological
factor is resistance caused by the influence of
environmental factor (Price 1997; Emden 2002; War 2012).
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There was not any authentic information regarding S.
pacificus population on the varieties of corn in the field
condition. Five varieties of corn manufactured by local
company were tested, namely N35, N37, NT10, NT104 and
NT105, recently known for the resistance against the main
pathogens of corn such as Peronosclerospora maydis
(downy mildew), Helminthosporium turcicum (leaf blight),
Diplodia maydis (ear rot) and Puccinia maydis (rust), but
not known yet its resistance to pest attack. So, keeping this
view in mind, the present study was aimed to know about
the abundance of S. pacificus and their effect on five new
varieties of corn during one planting season.
MATERIALS AND METHODS
The experiment was carried out around oil palm and
rubber plantation area of Dharmasraya District, West
Sumatra, Indonesia (-0.94539’ S, 101.43931’ E, 150 m
above sea level), during February until May 2017. The
monthly rainfall experienced was 151 mm, 179 mm, 303
mm, and 282 mm, respectively.
The study followed the randomized block design with
five treatments; each replicated five times. The five
varieties of corn that were tested, namely: N35, N37,
NT10, NT104, and NT105 (manufactured by PT. Citra
Nusantara Mandiri, a local private company). The
description of the corns indicates in Table 1.
The experiment was conducted within five experimental
units each having no barriers. The plant spacing among
experimental unit was 70 x 30 cm to achieve 32 hills along
with two kinds of fertilizers for each variety of corn,
namely; organic and inorganic fertilizers. The organic
fertilizer used was cow manure (20 tons/ ha) and the
inorganic fertilizers used were 350 kg/ha Urea, 100 kg/ha
SP-36 (36% P205) and 100 kg/ha KCl (45% K2O). The
organic fertilizer was applied at the beginning of planting,
but Urea was given one-third at 7 weeks after planting,
along with SP-36 and KCl. Two-third of the urea was
delivered at 4 and 6 weeks after planting. The recommended
agronomic practices were followed to grow the corns.
The observations were made at weekly intervals
throughout the season after planting up to 8 weeks. Number
of S. pacificus were selected and collected randomly from
16 hills by using simple aspirator, selected randomly for

each unit. The measurement of leaf length, leaf width, stem
diameter and trichome length were also performed to
confirm the physical effect of corn on S. pacificus
preferences. However, there was no pesticide applied in
crop until harvesting. LSD test at 5% level of significance
was done to determine the influence of different varieties
on insect population along with the regression analysis was
performed to find out the type of S. pacificus growth.
RESULTS AND DISCUSSION
Abundance of Stenocranus pacificus in five corn varieties
The abundance of S. pacificus varied in five varieties of
corns. The highest abundance was found in NT10 (57.6
individuals/hill), significantly different with N35 which
had the lowest abundance of S. pacificus (22.6 individuals/
hill) (Figure 1).
The abundance of Stenocranus pacificus on five corn
varieties per weeks
The NT10 had a high risk of S. pacificus attack from
early growth, although the abundance of S. pacificus did
not show any difference in first week after planting, but in
the second week, there was an increase in population till
the fifth week which tended to be significantly different as
compared to other varieties. In the sixth to the eighth week,
the abundance of S. pacificus showed no significant
difference with all varieties (Table 2).

Figure 1. Abundance of Stenocranus pacificus on five new
varieties of corn (individuals/hill). The bar chart is followed by
small letter is significantly different according to LSD test at 5%
significance level

Table 1. General descriptions of five new varieties of corn developed in West Sumatra, Indonesia
Varieties

Crossing

Type

Resistant to

N35

FSX 6379 x MIL 0277
hybrid x pure strain
BTX7735 x NMO4311
hybrid x pure strain
FIL 2603 x MIL 0277
pure x pure strain
NFM2931 x NFM77860
pure x pure strain
NMO4311 x NFM7220
pure x pure strain

Three ways cross

P. maydis, H. turcicum, D. maydis

Three ways cross

P. maydis, H. turcicum, H. Maydis

Single way cross

P. maydis, H. turcicum, D. maydis

Single way cross

P. maydis, H. turcicum, H. Maydis

Single way cross

P. maydis, H. turcicum, H. Maydis

N37
NT10
NT104
NT105
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Table 2. The abundance of Stenocranus pacificus on five new varieties of corn per weeks
Varieties

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

N35
0a
0b
2.8 ab
0.6 b
3.2 abc
17.8 a
22.4 a
N37
0a
0b
0 b
0 b
2.2 bc
12.0 ab
18.4 a
NT10
0.4 a
3.8 a
6.4 a
3.4 a
8.2 a
11.2 ab
30.6 a
NT104
0a
0b
0 b
0 b
0c
5.4 b
15.2 a
NT105
0a
0b
1.4 b
0 b
7.4 ab
2.4 b
20.4 a
Note: The number is followed by small letter is significantly different according to LSD test at 5% significance level

Population fluctuation of Stenocranus pacificus in five
corn varieties
Population fluctuation of S. pacificus was observed up
to 8 weeks after planting. The results showed that there
were differences in time attendance and population
abundance of S. pacificus on the five varieties of corn
(Figure 2). The presence of S. pacificus on NT10 had been
seen since the first week and continues to increase until 8
weeks was completed after planting, showed the highest
population at each and every observation. In case of N37
and NT104 varieties, S. pacificus presence was only seen
only up to the 3 weeks after planting, declining in the 4th
week after planting, and then continues to increase at 5th
week after planting until 8 weeks were completed after
planting. In NT105 variety, its presence was only seen at
5th week after planting, continuing to increase until the 8th
week after planting. The presence of S. pacificus in N35
variety was seen only at 6th week after planting and
continues to increase until the 8th week after planting.

Week 8
29.6 ab
30.8 ab
44.6 a
27.6 b
33.6 ab

corn, but not known for the resistance to pest attack. The
results revealed that the highest abundance of S. pacificus
was found on NT10 (Figure 1), started from first week until
last week of observation (Figure 2) in vegetative and
generative phases, but the highest abundance was found in
generative phase (Figure 3). Population growth classified
as cubic regression (Figure 4). Those showed that S.
pacificus preferred to NT10 compared to other varieties
from early growth of corn. There was a very rapid increase
in its population from week to week, so that, the NT10 was
most at risk of being attacked by S. pacificus. Breeder of
NT10 stated that the male ancestor of NT10 has high
glucose content (Setyawan, personal communication 2017),
that’s why test insect preferred it. The higher preference of
an insect, the higher susceptibility of the plant to attack,
otherwise the low preference of an insect indicates
resistance of the crop by avoiding the attack.

The abundance of Stenocranus pacificus in different
phases of five corn varieties
The abundance of S. pacificus in five varieties of corn
was higher in the generative phase as compared to
vegetative phase (Figure 3). The highest abundance was
found in NT10, at both phases, i.e., vegetative phase (6.7
individuals/hill)
and
generative
phase
(11.7
individuals/hill), whereas the lowest abundance was found
in N35, both at vegetative (0.4 individuals/hill) and
generative phase (2.9 individuals/hill).
Regression equation for the trend of Stenocranus
pacificus abundance on five corn varieties
The regression equation for the trend of S. pacificus
abundance on five corn varieties belongs to cubic
regression overall, which means that there was a very rapid
increase in its population from week to week (Table 3,
Figure 4).

Figure 2. Population fluctuation of Stenocranus pacificus on five
new varieties of corn (individuals/hill)

Physical appearance of five corn varieties associated
with Stenocranus pacificus abundance
No significant differences were found among five
varieties related to leaf length, leaf width, stem diameter,
and trichome length. But, trichome length of NT10 tends to
look shorter than other varieties (Figure 5).
Discussion
Five varieties of corn that produced by local company
newly known for the resistant to the main pathogens of

Figure 3. The abundance of Stenocranus pacificus at different
phases of five corn varieties
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Table 3. Regression equation for the trend of Stenocranus pacificus abundance on five corn varieties based on R values
Varieties
N35

Regressions
Linear
Exponential
Logistic
Logarithmic
Quadratic
Qubic

0.782
0.618
0.968
0.994

R values

Equations
Y = 2.784-1.113X+0.1278X2-1.871X3

N37

Linear
Exponential
Logistic
Logarithmic
Quadratic
Qubic

0.898
0.753
0.993
0.996

Y = -0.145-0.096X+0.046X2+0.257X3

NT10

Linear
Exponential
Logistic
Logarithmic
Quadratic
Qubic

0.898
0.926
0.926
0.766
0.986
0.993

Y = 2.291-0.733X+0.102X2-1.029X3

NT104

Linear
Exponential
Logistic
Logarithmic
Quadratic
Qubic

0.886
0.742
0.985
0.987

Y = -0.591+0.014X+0.036X2+0.807X3

NT105

Linear
Exponential
Logistic
Logarithmic
Quadratic
Qubic

0.83
0.67
0.983
0.996

Y = 1.551-0.735X+0.1X2-0.9X3

NT10

N37

N35

NT104

NT105

Figure 4. Curve estimation for population fluctuation of Stenocranus pacificus in five new varieties of corn, i.e., N35, N37, NT10,
NT104, and NT105
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Figure 5. A. Leaves length, B. Leaves width, C. Diameter of stem, and D. Trichomes length of five corn varieties

There is some corn planthopper reported in many
countries of the world. In The United States of America,
the corn planthopper, Peregrinus maidis, is a major pest of
corn (Yao et al. 2013). In Canadian, the corn planthopper,
Stenocranus Fieber is recognized by external characters
correlated with genitalic organ (Hamilton 2006).
Meanwhile, corn planthopper or Stenocranus pacificus
Kirkaldy (Hemiptera: Delphacidae) was reported attacking
corn in West Sumatra (Nelly et al. 2017), it was a pest
invasive on corn in the Philippines before (Cayabyab et al.
2009). The white waxy substance in the abdomen is
characteristic of female (Dumayo et al. 2007). The nymph
and adult attacked the corn by sucking plant sap from
young leaves and leaf sheaths which could lead to stunted
plant growth. The honeydew caused galls along veins and
underneath leaf surface that decreased corn vigor and
stunting (Cayabyab et al. 2009).
There are three mechanisms of plant resistance to
insects, namely antixenosis, antibiosis, and tolerance. One
of the antixenosis mechanisms from morphological factor
of plant was affected by the length of leaf trichomes and
stem diameter. The results showed that trichome length of
NT10 tends to look shorter than other varieties, but the leaf
length, leaf width, and stem diameter did not show any
significant difference (Figure 5). This is estimated that the
varieties having shorter trichome are more prone to insects
to attack and taking advantage from host plant. Based on
research by Sulistyo and Inayati (2016), the plant that has a
long trichome was more resistant to insect pests. Lu et al.
(2007) stated that there were several physical appearances
of the plants, such as color, size, shape, texture, and
toughness, play important roles in host selection by insect
pest before attack. Variations in the physical appearance of
the host plant may affect the acceptance of insects against

its host. Besides that, Markgren (2012) reported that the
trichome density positively correlated with glucosinolate
level.
According to Sunjaya (1970), taste, odor, nutritional
quality and appropriate structure affected insects to choose
their host. If there is availability of nutrients needed by
insects without any toxic compounds, the insects will
complete the process of eating. Insect preference to host
plants related to their need to eat, shelter and to lay their
eggs. According to Schaper (2016), there were three
components that are involved: sensory input from the
environment (e.g., visual or olfactory), internal/
motivational states (e.g., hunger or mating status) before
translated into an observable behavioral output, such as the
host plant selection and oviposition processes; and
evolutionary history.
In conclusion, the S. pacificus preferred to NT10
compared to other varieties from early growth of corn, but
the S. pacificus abundance was higher in generative phase
as compared vegetative phase. There was a very rapid
increase in its population from week to week. In addition to
plant chemical factors, physical factors of the plant such as
length or shortness of trichome are estimated as insect
preference, furthermore increasing insect abundance.
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Abstract. Md-Zain BM, Abid-Kamal SNA, Aifat NR, Abdul-Latiff MAB, Mohd-Hashim A, Ampeng A, Yaakop S, Samat A. 2018.
Molecular identification of shark fins in Malaysian Borneo’s local markets. Biodiversitas 19: 1035-1043. A molecular study was carried
out to investigate the potential of the cytochrome c oxidase subunit I (COI) gene as a molecular marker for the genetic identification of
shark fin samples that have gone through various preservation processes. A total number of 17 shark fin samples were collected from
local markets in Sabah and Sarawak (Malaysian Borneo). The DNA sequences of the 17 samples were amplified by using polymerase
chain reaction. The results from the analysis showed that, in the 17 sequences, there were 16 haplotypes present, with 244 sites from 688
bp of the sequences. For phylogeny analysis, tree topologies were reconstructed using the neighbor-joining (NJ) and maximum
parsimony (MP) methods. DNA barcoding technique successfully identifies shark fins collected in local markets in Malaysian Borneo at
species level employed during this study. Phylogenetic analysis showed that there were four clades that distinguish the four different
orders present in the sample species. These clades had bootstrap values higher than 80. In addition, results indicated that 88.2% of the
individuals are listed as endangered (Lamiopsis tephrodes, Sphyrna mokarran, and Sphyrna lewini), vulnerable (Alopias pelagicus and
Rhynchobatus australiae), and near threatened (Carcharhinus limbatus, Chiloscyllium griseum, Carcharhinus sorrah, and Carcharhinus
brevipinna), in the International Union for Conservation of Nature (IUCN) Red Data List.
Keywords: DNA barcode, phylogenetic relationships, phylogenetic tree, shark fin, species identification

INTRODUCTION
In many places of Southeast Asia, sharks are
intentionally captured; however, the whole body is seldom
sold commercially (Clarke et al. 2006; Liu et al. 2013).
Instead, sharks undergo a finning process, which is found
to be a common practice among fishermen (Afonso et al.
2012). Finning is an unethical activity in which shark fins
are cut off and their bodies disposed back into the sea.
Later, the fins go through a drying process prior to being
sold to wholesalers (Sembiring et al. 2014). Shark fins have
been increasing in popularity; the demand is not only high
in Chinese cuisine (Simoons 2001), but also in many
Southeast Asian restaurants (Iloulian 2017). Alarming as
the high demand may seem, complications arise in terms of
the restriction and regulation of the shark trade. Most shark
products sold are unlabeled, and their species is unknown
(Castro et al. 1999). A way of overcoming this obstacle is
using a molecular approach in which genetic markers are
employed to identify the unknown identities of the shark
fins being sold.
The mitochondrial cytochrome c oxidase subunit I
(COI) gene is one of the most favored genetic markers for
both DNA barcoding (Sultana et al. 2018) and phylogenetic
studies (Ananthan and Murugan 2018), which require a

gene to be capable of identifying species in certain
taxonomic groups. Previous studies have found that COI
can discriminate between closely allied species (Lissovsky
et al. 2016). According to Hebert et al. (2003), high rates of
sequence change in the COI gene in most animal groups
reflect its success as a genetic marker in species
identification. Many studies have been carried out for the
species identification of seafood products through DNA
barcoding (Fernandes et al. 2017; Günther et al. 2017;
Nedunoori et al. 2017). Moreover, the uses of COI as a
reliable genetic marker in shark species identification and
phylogeny studies were fully supported (Gkafas et al. 2015;
Vella et al. 2017).
This study applies a molecular approach for identifying
unknown species of shark fins where morphological
identification methods cannot be applied. Besides being
able to identify species by comparing their genetic
barcodes, the COI gene is suitable for taxonomic studies
(Rosli et al. 2011; Syed-Shabthar et al. 2013; Ghazali et al.
2014) and may be able to resolve the phylogenetic
relationships between the species of sharks identified from
shark fin samples in Malaysian Borneo (Sabah and
Sarawak); hence, this genetic marker has been chosen for
the present study. This study demonstrates the COI gene’s
ability to identify shark fin specimens at the species level
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based on samples collected from local markets in
Malaysian Borneo (Sabah and Sarawak).
MATERIALS AND METHODS
Sample collection, DNA extraction, and polymerase
chain reaction (PCR)
The samples were originally obtained from various
local markets located in Sabah and Sarawak. There were
three types of samples obtained, namely dried shark fins,
salted shark fins, and fresh shark fins during the present
investigation. DNA was extracted from 0.02–0.04 g of the
shark fins using an Invisorb® Spin Tissue Mini Kit
(Analytik Jena, Germany). The extraction steps were
performed according to the protocol given, except for slight
alterations in the initial steps for the dried and salted fin
samples. These samples were soaked in ddH2O for 1 hour
before being shredded; after this, the steps given in the
protocol were followed.
Polymerase chain reaction (PCR) was employed to
amplify the targeted locus of COI by using a Mastercycler®
nexus (Eppendorf North America, Inc.). The primers used
in this study were based on Ward et al. (2005) and Ivanova
et al. (2007), as follows: VF2_tl GTA AAA CGA CGG
CCA GTC AAC CAA CCA CAA AGA CAT TGG CAC
and FR1d_tl CAG GAA ACA GCT ATG ACA CCT CAG
GGT GTC CGA ARA AYC ARA A. PCR was performed
by using Mastermix MyTaq Red Mix (Bioline) and
involved a three-step PCR with the following conditions:
pre-denaturation at 95°C for 1 min, 30 cycles of
denaturation at 95°C for 30 s, primer annealing at 55°C for
30 s, extension at 72°C for 10 s, and a final extension at
72°C for 10 min. The PCR cocktail used is shown in Table
1. The PCR products were sent to the 1st Base Laboratories
Sdn Bhd (Malaysia) for sequencing.
Sequence and phylogenetic analysis
The results of the sequence obtained from 1st Base
Laboratories were in ABI format, and the chromatograms
were displayed and examined using BioEdit (Hall 1990).
The sequence similarity was compared with other fish

mitochondrial genomes using the GenBank BLASTn
application to confirm their species identity. Multiple
alignments were performed using BioEdit’s ClustalW to
align the sequence results and ensure the forward and
reverse DNA sequences were complementary. Later,
sequence and phylogenetic analyses were performed by
using DnaSP v6 (Rozas et al. 2017), PAUP 4.0b10
(Swofford 2002), and MEGA v6.0 (Tamura et al. 2013) to
identify unique haplotypes and the neighbor-joining (NJ)
and maximum parsimony (MP) tree reconstructions.
For construction of the NJ tree, the nucleotide
compositions and sequence divergence within and between
species were calculated by using the Kimura two-parameter
(K2P) distance model (Kimura, 1980), with a bootstrap test
of 5,000 replications. The tree bisection and reconnection
(TBR) algorithm was used in the construction of the MP
tree with the addition of a 50% consensus majority rule
concept (Swofford 2002). The reconstructed MP tree
underwent 1,000 replications to obtain the bootstrap
confidence level.
RESULTS AND DISCUSSION
COI sequences of ~750 bp in size were successfully
obtained from 17 samples (10 from Sarawak and 7 from
Sabah), out of a total of 24 samples analyzed in this study.
A poor quality of DNA sequences from the remaining
seven samples (Figure 1) was the main reason behind the
sequences was exempted from this study to ensure
accuracy in the analysis.
Table 1. PCR cocktail involved in DNA amplification
Components
My Taq Red Mix
Forward primer
Reverse primer
DNA template
ddH2O
Total

Final concentration
20 µmol
20 µmol

Volume (µL)
12.5
1.0
1.0
3.0
7.5
25

Figure 1. Chromatogram of the sequences obtained from shark fin samples. Chromatogram on top represent the quality of sequences
used in the analysis, while chromatogram on bottom represent those deemed unacceptable
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Table 2. Diversity of shark species detected from the shark fin specimens
Sample type/
Code/
Locality

Species/
IUCN Status

Sample type/
Code/
Locality

Fin
Specimen

Species/
IUCN Status

Fresh
F1
Sematan,
Sarawak

Sphyrna mokarran
Endangered

Dried
D7
Semporna,
Sabah

Sphyrna lewini
Endangered

Fresh
SF4
Sematan,
Sarawak

Sphyrna lewini
Endangered

Dried
D8
Semporna,
Sabah

Sphyrna lewini
Endangered

Dried
D5
Sematan,
Sarawak

Lamiopsis tephrodes
Endangered

Dried
D9
Tawau, Sabah

Sphyrna lewini
Endangered

Fresh
SF3
Sematan,
Sarawak

Chiloscyllium griseum
Near Threatened

Salted
M1
Kuching,
Sarawak

Rhynchobatus
australiae
Vulnerable

Salted
M2
Kuching,
Sarawak

Carcharhinus brevipinna
Near Threatened

Fresh
F2B
Sematan,
Sarawak

Rhynchobatus
australiae
Vulnerable

Fresh
F2
Sematan,
Sarawak

Carcharhinus limbatus
Near Threatened

Dried
D2
Semporna,
Sabah

Alopias pelagicus
Vulnerable

Dried
SL1
Sematan,
Sarawak

Carcharhinus sorrah
Near Threatened

DriedD4
Semporna,
Sabah

Alopias pelagicus
Vulnerable

Dried
SL2
Sematan,
Sarawak

Carcharhinus sorrah
Near Threatened

Dried
D3
Semporna,
Sabah

Loxodon
macrorhinus
Least Concern

Dried
S3
Tawau, Sabah

Carcharhinus brevipinna
Near Threatened

Fin
Specimen

Table 3. Genetic distance among families based on Kimura-2-Parameter

Alopiidae
Carcharhinidae
Sphyrnidae
Rhynchobatidae
Hemiscyllidae

Alopiidae

Carcharhinidae

Sphyrnidae

Rhynchobatidae

Hemiscylliidae

0.162
0.168
0.236
0.198

0.106
0.235
0.213

0.227
0.217

0.248

-
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1038

Carcharhinus brevipinna M2

100
57

Carcharhinus brevipinna S3
Carcharhinus limbatus F2

78
73

100

Carcharhinus sorrah SL1
Carcharhinus sorrah SL2
Lamiopsis tephrodes D5

30

A

Sphyrna mokarran F1
59

Sphyrna lewini D7

74

100

100

Sphyrna lewini D8

67

Sphyrna lewini D9
Sphyrna lewini SF4

71

Loxodon macrorhinus D3
39

100

Alopias pelagicus D2
Alopias pelagicus D4

95

100

B
Rhynchobatus australiae F2B
Rhynchobatus australiae M1

Chiloscyllium griseum SF3

C

D

Chimaera monstrosa AJ310140

0.02

Figure 2. The Neighbour-Joining (NJ) phylogenetic tree of shark fin samples based on COI gene sequences. The numbers on the
branches indicate bootstrap values

Dried and salted fin samples were extracted with a
modified protocol to increase the success of DNA
extraction. The sequence similarity searches using
GenBank BLASTn validated all our sequences for sharks.
These sequences indicated that of 688 bp of characters
analyzed, 441 (64.09%) were conserved sites and 247
(35.90%) were variable sites, with 199 (28.92%)
parsimony-informative characters. The sequence analysis
revealed that thymine was the principal component of the
sequences, at 33.2%, followed by adenine (26.5%) and
cytosine (24.2%), and finally, guanine, at merely 16.2%.
Ten species were successfully identified from the
samples, constituting five families, four of which
represented sharks, namely Alopiidae (Alopias pelagicus),
Carcharhinidae (Carcharhinus brevipinna, Carcharhinus
limbatus, Carcharhinus sorrah, Lamiopsis tephrodes, and
Loxodon macrorhinus), Sphyrnidae (Sphyrna mokarran
and Sphyrna lewini) and Hemiscylliidae (Chiloscyllium
griseum). One species of the wedgefish (Rhynchobatidae)
family was also present in the collected fin samples,
namely Rhynchobatus australiae (Table 2). Estimates of
evolutionary divergence over sequence pairs between
groups or the genetic distance of the sharks and wedgefish
indicated that the families Hemiscylliidae and
Rhynchobatidae were the most distant, at 0.248 (Table 3).

These were followed closely by Rhynchobatidae–Alopiidae
(0.236) and Rhynchobatidae–Carcharhinidae (0.235).
Sphyrnidae–Carcharhinidae revealed the closest families,
with a significantly lower genetic distance of 0.106.
The NJ phylogenetic tree yielded the optimal tree with
the sum of branch length = 0.9921. Four distinct clades
were successfully determined from the NJ tree, referred to
as clades A, B, C, and D (Figure 2). The formation of clade
A, as supported by a 100% bootstrap value, consisted of
two families, Carcharhinidae and Sphyrnidae; these
families were parallel, with the lowest genetic distance
value between the two families. However, the subclades in
clade A failed to reveal phylogenetic relationships between
the genera Carcharhinus, Lamiopsis, Sphyrna, and
Loxodon; this was attributed to the selection of the
conserved COI locus. The remaining clades consisted
solely of one family/genus, with clade B representing
Alopiidae/Alopias, clade C comprising Rhynchobatidae/
Rhynchobatus, and clade D including Hemiscylliidae/
Chiloscyllium.
The MP phylogenetic tree was selected from the most
parsimonious tree, with a tree length of 704 and a
consistency index (CI) of 0.5277, retention index (RI)
0.6415, and composite index of 0.3691. Clade A, of the
same family composition as that in the NJ tree, was
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detected consistently in the MP tree, although the presence
of polytomy was noted in the clade topology (Figure 3).
Clades B (Alopiidae), C (Rhynchobatidae), and D
(Hemiscylliidae), however, formed polytomy without
distinctive clade formation, which resulted from the low
number of representatives as compared with clade A and
selection of conserved COI locus.
Haplotype analysis yielded 16 unique haplotypes,
consisting of 244 polymorphic sites, which were then
treated as barcoding sequences from the fin samples (Table
4). Four unique barcoding sequences were successfully
determined for the five endangered samples collected in
this study, specifically, three haplotypes for S. lewini
(haplotypes 5, 6, and 11) and one haplotype for S.
mokarran (haplotype 7). Six haplotypes were detected from
the near threatened fin samples, namely one for C. limbatus
(haplotype 8), C. griseum (haplotype 10), and two
haplotypes each for C. brevipinna (haplotypes 13 and 14)
and C. sorrah (haplotypes 15 and 16). Finally, two
haplotypes were identified from R. australiae (haplotypes 9
and 12) and A. pelagicus (haplotypes 1 and 3), as well as
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one each from L. macrorhinus (haplotype 2) and L.
tephrodes (haplotype 4).
Discussion
Various molecular approaches have been utilized in
identifying shark species, including multiplex PCR and
DNA barcoding (Hoelzel 2001; Shivji et al. 2002; Holmes
et al. 2009; Wong et al. 2009; Domingues et al. 2013;
Sembiring et al. 2015). While using species-specific PCR
primers, such as those presented by Abercrombie et al.
(2005), in the multiplexed PCR can facilitate identification
of multiple species in a processed product, all the primers
for all the species in samples must be available. This
represents a limitation to a current suite of available
species-specific primers (Holmes et al. 2009); and the
challenge is particularly great in samples of degraded DNA
from processed products, such as dried or salted fins. The
primers may not be 100% specific, or they may have
annealed to the nuclear insertion of mtDNA (numts), which
can compromise the identification process (Rosli et al.
2014; Abdul-Latiff et al. 2017).

Carcharhinus sorrah SL1
Carcharhinus sorrah SL2

59

Carcharhinus limbatus F2
99

Carcharhinus brevipinna M2
Carcharhinus brevipinna S3
Lamiopsis tephrodes D5

A

Sphyrna mokarran F1

98

Sphyrna lewini D8
Sphyrna lewini D7

100
94

Sphyrna lewini D9
Sphyrna lewini SF4
Loxodon macrorhinus D3

100

Alopias pelagicus D2
Alopias pelagicus D4

B

Chiloscyllium griseum SF3
100

Rhynchobatus australiae F2B
Rhynchobatus australiae M1

D
C

Chimaera monstrosa AJ310140

Figure 3. The Maximum Parsimony (MP) phylogenetic tree estimated using the TBR algorithm, and 1000 bootstrap replications 50%
consensus rule was applied. Bootstrap values are shown on the branches
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Table 4. Segregating sites (244 bp) in 688 bp segment of COI sequences defining 16 haplotypes. Haplotype 1-2 – Order Lamniformes; 3- 13 – Order Carcharhiniformes; 14 – Order
Orectolobiformes; 15-16 – Order Rajiformes

Hap

Sites

[
1 111 111 111 111 111 111 111 111 111 111 222 222 222 222 222 222 222 222 222 222 222 222 222 333 333 333 333 333 ]
[
11 111 223 444 455 556 666 667 777 888 899 990 011 122 233 344 455 666 777 778 889 999 000 011 222 333 344 556 666 667 778 888 888 999 999 000 112 222 333 444 ]
[ 358 912 567 069 467 903 690 256 891 578 036 902 681 703 623 514 703 658 147 013 692 581 478 367 958 147 036 928 170 346 792 581 234 578 013 569 258 470 369 258 147 ]
#Hap_1 ACA TTT ATC TAG ACA CCA CCT ATC AGC TAG AGA ATA CAA TAC TTA TCC TAC ACT ATA CGG ATC ATA CAC GAT ATT AAC ATT AAT TCT ACC CTC CTT CTT TAC TCA CTA TAT CAC TTT AAT TTA
#Hap_2 ... ... ... ... ... ... ... ... ... ... ... ... G.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
#Hap_3 ..T .CC ..T ... ... ... TTC .C. ..T CC. .AT ..T T.G .GT .A. CT. CTT .T. ..G AAT ..T TC. T.T TC. ..A ..T .C. ... .T. ... ..A AA. ... CT. C.T ..C ..A ..A ... ..C C..
#Hap_4 ..T ..C ..T .C. ... ... T.C ... ..T CT. ..T ..T T.. .GT CA. ... CTT .T. GCG AAT ..T CC. T.T TC. ..C ... .CC ... ..C ... .CA .A. ..C CT. CTG ..C ..A ..A ..C ... ...
#Hap_5 ..T .CC ..T ... ... ... T.C ... ..T CT. GAT ... T.G .GT .A. C.. CTT .T. ... AAT ..T TC. T.. TTC ... ... .C. ... CTC ..T ..A AA. ... CC. ..C .CT ..A TGA ... ..G ...
#Hap_6 CTG CCC ..A ... ... ... T.C T.. ..T CT. GAT ... T.G .C. CA. C.. CTT .TC G.. AAT ..T TC. ... TC. ... ..T .CC .G. C.C ... ..A AA. .A. CT. C.C .CT ..A T.A ... ... ...
#Hap_7 ..T .CC ..T ... ... ... T.C T.. ..T CT. GAT ... T.G .G. CA. C.. CTT .TC G.. AAT ..T TC. ... TC. ... ..T .CC .G. C.C ... ..A AA. ... CT. C.C .CT ..A T.A ... ... ...
#Hap_8 ..C .CC ..T ... ... ... T.C ... ..T CT. .AT ..T T.. .GT .A. C.. CTT ..C G.. AAT G.T TC. T.T AT. ..A ..T .CC ..C CTC ..T ..A AA. T.A CT. ..T ..T ..A T.A C.. ..C C.T
#Hap_9 ..C ..C GAT ... ... ... T.. ..T ..T CC. GAT ..T T.. .GT .A. C.. CTT .TC G.. AAT G.T TC. T.T AT. ..A ..T .CC ..C CTC ..T ..A AA. T.. CT. C.T ..T ..A T.A C.. ... C.T
#Hap_10 ..T .CC ..T ..A ... ... TTC ... ..T CT. .A. ..T T.. .GT .A. .T. CT. .TC ..G AAT ..T T.G TG. TT. ... G.. GC. ... C.C G.T ..A AAC ... CC. C.. ..C .GA T.A ..C ... ...
#Hap_11 ..T .CA ..T ..A ... ... TTC ... ..T CT. .A. ..T T.. .GT .A. .T. CT. .TC ..G AAT ..T T.G TG. TT. ... G.. GC. ... C.C G.T ..A AAC ... CC. C.. ..C .GA T.A ..C ... ...
#Hap_12 ..T .CC ..T ..A ... ... TTC ... ..T CT. .A. ..T T.. .GT .A. .T. CT. .TC ..G AAT ..T T.G TG. TT. ... G.. GC. ... C.C G.T ..A AAC ... CC. C.. ..C .GA T.A ..C ... ...
#Hap_13 ..T .CC ..T ... ... ... TT. ... ..T CT. GA. ..C T.. .GT CA. ... CT. .T. GAG AAT ..T T.G T.. TT. ... ..T ..C ... C.C ..T ..A AA. ... CT. C.. ..T ..A T.A C.C ..C ...
#Hap_14 ..T ... ... C.. TT. .TT ... ... T.T C.A TAT G.C ..T CGT .A. CAT .T. ... GAG T.A ..T ... T.. ACC GCC .TT ... T.C ... .TA ... TAC T.A ... CT. .CT A.. TGA AAC .TC CAT
#Hap_15 ... .C. ..T CT. TAT GTG TGC C.. .AA CTA TA. .A. .T. C.. CGG .A. .CT GTC G.. AAC GCA C.G T.. CCC ... T.. .AC G.. C.C .TA TAT AA. ... CTT ATG GCT C.. T.T AA. GTG .AC
#Hap_16 ... .C. ..T CT. T.T GTG TGC C.. .AA CTA TA. .A. .T. C.. CGG .A. .CT GTC G.. AAC GCA C.G T.. CCC ... T.. .AC ... C.C .TA TAT AA. ... CTT ATG .CT C.. T.T AA. GTG .AC
[ 333 333 333 333 333 333 333 334 444 444 444 444 444 444 444 444 444 444 455 555 555 555 555 555 555 555 555 555 555 555 555 555 556 666 666 666 666 666 666 666 6]
[ 455 555 666 677 778 888 899 990 000 011 112 223 334 444 566 677 777 888 900 000 111 222 333 333 444 444 455 556 667 778 889 999 990 001 122 233 333 344 455 568 8]
[ 803 469 025 814 570 367 902 581 247 836 792 891 470 369 814 735 689 245 101 689 578 147 134 569 023 458 914 780 695 891 470 356 792 584 703 602 358 914 734 960 7]
#Hap_1 TAT GCT TAA TTA GAC TCT AGT TCT CCT TAT ATA TTA CAC CTT TTT ACC TCA CCC TAT TTG ATT AAA ATC TCT CAT TAC CCA ACT CCA ACA TTT AAC CAC AAT TAA CGA GTA ATT TTT CTG T
#Hap_2 ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .G. ... ... ... ... ... ... ... ... ... ... ... .C. ... ... .
#Hap_3 CG. A.C C.C ..G C.T .T. G.. ... .TC .T. G.. C.. T.. TCC ..C .A. A.C T.T ... ..T T.C T.T ... .T. .TC .TA .T. T.. AA. .T. CAC T.T .CT T.C CT. T.. .CT .C. ... ... .
#Hap_4 C.. A.. ..C ... C.T ..C ..C C.C ... .T. G.. CC. ..T .C. C.C .A. A.C T.T C.. ..T ... T.T GC. .T. .CC .CA .T. T.. AA. ... .AC T.. .TT C.. .TG T.. .C. .C. .C. ... .
#Hap_5 ... A.C ... ... C.T .T. ..C ... .TC .T. G.. ... T.T T.. ... .A. A.C T.. ... ..T T.. TGC ... .T. .CC .TA .T. C.. AG. .T. .A. T.. .CT C.. .T. T.. ... .C. ... ... .
#Hap_6 ... A.C C.. ... C.T .T. ... ... .TC .C. G.. C.. T.T T.C ..C .AA AAC TA. ... .AT CA. T.C ... AT. .CC ATA .T. C.. A.. .G. .A. TG. .TT T.. CT. .T. TC. GC. ... TAC .
#Hap_7 ... A.C C.. ... C.T .T. ... ... .TC .C. G.. C.. T.T T.C ..C .A. A.C T.. ... ..T C.. T.C ... .T. .CC .TA .T. C.. AG. .T. .A. T.. .TT T.. CT. ... .C. .C. ... ... .
#Hap_8 ... A.C ... ... C.T .T. ... ... ..C .T. G.. ... T.T T.. ... .A. A.C ... ... ..C T.. T.C ... ... .CC .CA .T. T.. AG. .T. .A. T.. .TT T.. .T. T.. ... .C. ... ... .
#Hap_9 ... A.C ..C ... C.T .T. ... ... ..C .T. G.. ... T.T T.. ... .A. A.C ... ... ... C.. T.C ... ... .CC .CA .T. T.. AG. .T. .A. T.. .TT T.. .T. T.. ... .C. ... ... .
#Hap_10 ... A.C ..C C.. C.T ... ... CT. ..C CC. GA. ... ..T TC. C.C GT. A.C T.T ... ..T C.C T.T .C. .A. .CC ..A .T. T.. AA. .T. CA. C.. .TT T.. .T. G.. ... .C. .C. ... .
#Hap_11 ... A.C ..C C.. C.T ... ... CT. ..C CC. GA. ... ..T TC. C.C GT. A.C T.T ... ..T C.C T.T .C. .A. .CC ..A .T. T.. AA. .T. CA. C.. .TT C.. .T. G.. ... .C. .C. ... .
#Hap_12 ... A.C ..C C.. C.T ... ... CT. ..C CC. GA. ... ..T TC. C.C GT. A.C T.T ... ..T C.C T.T .C. .A. .CC ..A .T. T.. AA. .T. CA. C.. .TT C.. .T. G.. ... .C. .C. ... .
#Hap_13 ... A.C C.T ... C.. .TC ..C C.. ..C .T. .C. CCG ..T TCC ..C ... A.T T.T C.. ..C T.. T.T ... .A. .CC .TA .T. C.. AA. .T. .A. C.. .TT T.. CT. A.. ... ... ... ... .
#Hap_14 ..A .T. ... .A. ..A .TC .A. ..C .AC ..A .C. ... .TT T.C C.. .A. A.. T.T .TC ..T C.C T.T ... .TA ..C .TA TAT TTA A.. GT. .AC ... T.T ... ... A.C ..T ..A .CC ... .
#Hap_15 CT. ... CTC .C. .CT A.. ..C CTA TA. ..A ..C ... ATT T.C .CC G.. A.. T.. CTC C.A ... T.. .CT .AC T.C ..A .A. T.A A.T ..C CA. T.T .CT .C. ..G G.. A.. .C. CC. ... .
#Hap_16 CT. ... CTC .CG .CT A.. ..C CTA TA. ..A ..C ... ATT T.C .CC G.. A.. T.. CTC C.A ... T.. .CT .AC T.C ..A .A. T.A A.T ..C CA. T.T .CT .C. ... G.. ... .C. CC. ... A
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The DNA barcoding method using the universal
primers targeting the COI loci were utilized in this analysis
and provided with significantly good stretches of COI
sequences of ~750 bp. Barcoding success depends on low
levels of sequence variation within species and much
higher levels between species (Holmes et al. 2009).
Barcodes can be submitted to publicly available databases,
such as the Barcode of Life Data System (BOLD;
Ratnasingham and Hebert 2007) or National Center for
Biotechnology Information (NCBI); the latter was
employed in this study. The sequences obtained in this
study were analyzed through GenBank BLASTn to verify
the species of sharks in the fin samples. The total alignment
scores from all the alignment segments, percentage of
queries covered by the alignment to the database sequence,
best expected value (E value) of all the alignments from the
database sequence, and highest percent identity (Max ident)
of all the query-subject alignments were the key parameters
for ensuring the specificity of the DNA sequences (AbdulLatiff et al. 2014, 2017).
The shocking finding in this study was that six
collected fin samples were identified as endangered on the
IUCN Red Data List, as they came from the species L.
tephrodes, S. mokarran, and S. lewini. The remaining fin
samples were listed as nearly threatened (six samples),
including C. limbatus, C. griseum, C. sorrah, and C.
brevipinna, and vulnerable (four samples), including A.
pelagicus and R. australiae. Ironically, only one sample
belonged to the least concern category, from the species L.
macrorhinus (Table 3). In total, 35.3% of all fins came
from shark species classified as endangered, 35.3% as near
threatened, 23.5% as vulnerable, and merely 5.9% as least
concern. Surprisingly, this is comparable to the results
obtained by Sembiring et al. (2015), who utilized a similar
approach in barcoding targeted shark fisheries in Indonesia.
Low support for clade reconstructions separating C.
brevipinna and C. limbatus from C. sorrah are expected, as
the analysis performed by Naylor et al. (2012) exhibited the
same outcome by studying the NADH2 sequence data
(1044 bp). The same distant relationships were observed by
Vélez-Zuazo and Agnarsson (2011), whose study showed
that the genus Carcharhinus is highly unstable, as the
researchers discovered the inclusion of Prionace and
Nasolamia in the same genus. The clade representing
Carcharhinidae in this study portrayed a reliable tree
topology in the family, as Lamiopsis has been proven to
have closer relationships with Carcharhinus than Sphyrna
(Iglésias et al. 2005; Vélez-Zuazo and Agnarsson 2011;
Naylor et al. 2012). White et al. (2010) resurrected L.
tephrodes as a different species from L. temnickii, as it
differs in its dentition and morphological characteristics, as
well as exhibiting substantial DNA sequence divergence in
the mitochondrial marker ND2. However, we regard L.
tephrodes and L. temnickii as belonging to a monotypic
genus with two distinct populations, namely the broad fin
shark and Borneo broadfin shark. While our low number of
samples representing A. pelagicus perfectly distinguished
Alopiidae from Carcharhinidae, Naylor et al. (2012) noted
a lack of monophyly for the genus, consistent with analyses
based on the whole mitochondrial genome and nuclear
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markers.
This data showed that it is not only sharks in the family
Carcharhinidae that are being targeted and sold in the local
markets of Sabah and Sarawak; rather, hammerhead sharks,
which are members of the family Sphyrnidae, are also
being sold. In addition, many wedgefish, or Rajiformes, are
being sold and wrongly marketed as sharks. A major
problem faced by the shark industry is the mislabeling of
the shark species being marketed. A method of overcoming
this situation is by training of the individuals involved in
the fishing industry to monitor elasmobranches’ that land
from artisanal to industrial fisheries in supermarkets by
incorporating genetic identification techniques (GonzálezWevaret al. 2015).
In 2011, the fisheries landings for Malaysia comprised
1,665,857 tons, with an estimated value of RM 9.38 billion;
this contribution amounted to 1.1% of the gross domestic
product (GDP). All fishing activities in Malaysia are
governed by the Fisheries Act of 1985 and its regulations
and fisheries management policies. Valid fishing gear and
fishing vessel licenses are required for all vessels
conducting any fishing activity. Licenses are issued based
on the status of available fish stocks, mainly determined
from research findings and fish landing data (Malaysia’s
NPOA-IUU 2013).
Due to the maximum exploitation of fish stocks in the
coastal waters, a moratorium on new fishing licenses was
imposed in 1982, except for those for fishing vessels of 70
GRT and above, for operating in Zone C2 (30 nautical
miles up to the Exclusive Economic Zone) or deep-sea
waters (Malaysia’s NPOA-IUU 2013). Even with these
regulations and regular monitoring, it has been claimed that
Malaysia landed 231,212 tons of shark in 2002–2011,
positioning it at the eighth highest country for shark fishing
globally and accounting for 2.9% of the total global
reported shark catch during that period (TRAFFIC 2013).
The main problem for ensuring that Malaysia has
sustainable and legal shark fisheries is that it is not
compulsory for the sharks to be landed as a whole
organism, specifically, with their fins attached to their
bodies. This has created a loophole that hinders the
accurate identification of the species caught, which is a
prerequisite for understanding the catches of various
species, and therefore, determining sustainable harvest
levels in Malaysia. Using the methods employed in this
study would represent a breakthrough in managing illegal
fisheries in this country.
In conclusion, this study successfully determined the
diversity of sharks by evaluating the shark fins collected
from the local markets of Malaysian Borneo, indicating
that the DNA barcoding technique employed is an accurate,
rapid approach for shark fin species identification. This
study can further enhance the management of fisheries in
Malaysia, especially the illegal shark industries, while
simultaneously generating diverse data to be utilized in
conservation and molecular systematic studies. This will
also be useful in determining the origins of shark fins from
various parts of the Malaysian waters, giving a larger pool
of samples and also contributing to the construction of a
DNA sequences library for barcoding purposes.
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Abstract. Irawan A, Supriharyono, Hutabarat J, Ambariyanto. 2018. Seagrass beds as the buffer zone for fish biodiversity in coastal
water of Bontang City, East Kalimantan, Indonesia. Biodiversitas 19: 1044-1053. The purpose of this study was to demonstrate the
importance of seagrass beds as a buffer zone for fish biodiversity in a coastal ecosystem. The sampling of seagrass and fish were done in
seagrass beds associated with mangrove (ST1) and coral reef (ST2). Sampling period was executed from May 2011 to May 2017.
Sampling was done on the lowest tide with a six-month interval. Seagrass sampling was carried out using line transect, and fish
sampling was performed using set net (belat local name) operated by local fisherman. The results showed that seagrass beds at ST1
composed of C. rotundata and E. acoroides and that at ST2 composed of C. rotundata, E. acoroides, H. pinifolia, H. minor and T.
hemprichii. The total number of individual was 42574 divided into 112 fish species. There were 17 species (population: 15.18%)
associated explicitly with ST1 and 39 species (population: 34.82%) specifically associated with ST2 while 56 fish species (population:
50.0%) were prevalently spread in both stations. This research proved the existence of seagrass beds as a buffer zone for fish
biodiversity.
Keyword: Biodiversity, connectivity, fish, seagrass beds

INTRODUCTION
Seagrass is a macrophyte in coastal water (Billah et al.
2016). Structurally, the construction of seagrass beds
provides nursery grounds for fish juvenile (Jones 2014),
and coral fishes (Verweij et al. 2008). It also serves as
feeding grounds (Coles et al. 1993; Erftemeijer and Allen
1993; Carroll and Peterson 2013) for economically highvalue fishes (Hantanirina and Benbow 2013; Blandon and
zu Ermgassen 2014), to provide food, food chain and
biodiversity, and ecosystem service (Cucio et al. 2016) in
supporting the coastal water productivity (Greening and
Janicki 2006; Nadiarti et al. 2012; Bahlmann et al. 2015).
Seagrass tends to be found close to mangrove forests and
coral reefs (Short et al. 2011). This illustrates the
importance of interaction in the coastal ecosystem (Hirst et
al. 2016). Natural interactions within the coastal ecosystem
protect the population's habitat (Unsworth et al. 2007). A
combination of two habitats shows that mangroves
specifically protects the coast and coral reef that forms a
fringing reef for seagrass beds, which serve to control
degradation of coral reefs in the long-term (Guannel et al.
2016).
By understanding the importance of the role of seagrass
beds, we should have been able to manage its
sustainability, but in reality, the fact shows that the expanse
of seagrass beds have decreased in many parts of the world
(Hughes et al. 2009; Jones 2014) and seagrass beds have
been globally threatened by anthropogenic factors and
climate change (Rasheed and Unsworth 2011; Grech et al.

2012; Unsworth et al. 2012; Duarte et al. 2013; Shafer et al.
2014; Mazarrasa et al. 2015). This same thing happened in
the coastal area in Bontang where the expanse of seagrass
beds had also been decreased as the result of the damage
covering around 321.3 ha area or as much as 45% of total
seagrass beds area of 714 ha (DPKP Kota Bontang 2011).
Despite the fact that the composition of seagrass beds
(consisting of 9 species of total 12 species found in
Indonesia) (Tomascik et al. 1997; P3IK/P3O-LIPI 2000;
DPKP Bontang 2015) had been known, it is a mangrove
forest. Coral reef has become the priority in conservation
management, and the critical role of seagrass beds in
supporting fishery resources and the productivity in
Bontang coastal water tends to be neglected.
This study aimed to demonstrate the importance of
seagrass beds as the buffer zone for fish species
biodiversity in coastal ecosystem especially the association
between seagrass beds, mangrove, and coral reef, to initiate
an integrated and continuous management system in the
coastal ecosystem. This study focused on fish species
composition and the distribution of fish length size and its
interaction with species characteristic, the density of
seagrass stand and the association between seagrass beds
and mangrove and coral reef in Bontang coastal water.
Mangrove forests and coral reef are creating the importance
of interaction between coastal ecosystems. The natural
interaction of coastal ecosystem provides protection for
population habitat or combination of two habitats which
shows that mangrove specifically provides protection to the
coast and coral reef that forms a fringing reef for seagrass
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beds, and seagrass beds serve to control degradation of
coral reef in a long-term.
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Fish sampling
Fish sampling was carried out by using net set (otoshi
ami, trap net, and splint: local name) operated by the local
community. Set net is a passive catching device used to
block fish migration by using nets that are upheld by
bamboo poles to the bottom (Anand et al. 2016) with the
end being a trap (Olaniyan 2015). Characteristics of the set
net in the study area were pole nets from branches/tree
trunks; chamber-crib: 4 m2; chamber-wings: 70 m; main
fence: 100 m; and mesh size net: crib: 1 inch; main fence
and wing: 1.5 inches. The used set of seagrass bedsmangrove and seagrass beds-coral reef were migrated
during high tide. Hauling was done at 24 hours interval.
Fish samples were identified by its species and its total
length being measured. Identification process was done by
referring to Allen (1999); Fishery Research Center (2009);
Verhoel (2009); Bergbauer and Kirschner (2011); Jones et
al. (2011); Rudi and Mucsin (2011); Wood and Michael
(2011); Sharifuddin (2012); Suyatna et al. (2016).

MATERIALS AND METHODS
Study area
This research was carried out in coastal water of
northern Bontang City, East Kalimantan, Indonesia.
Observation station consisted of seagrass beds associated
with mangrove (ST1) and seagrass beds associated with the
coral reef (ST2) (Figure 1). Seagrass beds in ST1 at high
tides were found in the range of 1 to 1.5 m and at the
lowest tide were exposed to temporal exposure. The
distance between seagrass and mangrove forest range was
from 250 to 800 m. Seagrass at ST2 at highest tide was
found in the depth range of 0.5-1.5 m and at lowest tide
experiencing temporal exposure. The distance between
seagrass and coral reefs ranged from 10-50 m. The research
was executed from May 2011 to May 2017 with six months
interval of observation.

Data analysis
Data analysis was conducted using descriptive and
quantitative approach, i.e., t-test (α = 5 %) and correlation
(α = 5 %). Seagrass data were analyzed for density (D)
(shoot m-2) and relative density (RD), frequency (F) and
relative frequency (RF), covered (C) and relative covered
(RC) (English et al. 1994), important value index (IVI)
(Brower et al., 1990). Fish data was analyzed by species
composition, Bray Curtis similarity, density (D) (indiv.
day-1), diversity index (H'), similarity index (E) and
dominance index (C). Correlation between species
distribution and habitat was analyzed by Correspondence
Analysis (STATISTICA v.8.0)

Seagrass sampling
Seagrass beds were located on reef flats which were
divided into two stations (ST1 and ST2). Each station
consisted of 3 quadrant plot sized 0.5 m x 0.5 m. The
distance between transects was 50 m, and the distance
between quadrant plots was 25 m. Observation of seagrass
species covered its species, shoots, frequency, and the
length of leaves of each species. The identification of
seagrass species was referred to den Hartog (1970), Kuo
and McComb (1989), Fortes (1993), Tomascik et al. (1997)
and Seagrass Wacth (2010).

PT. Pupuk Kalimantan Timur

STATION 2
(ST2)

STATION 1
(ST1)

Tanjung Limau, Bontang City

Figure 1. Research location of seagrass beds in coastal water of northern Bontang City, East Kalimantan, Indonesia. ST1: 00º09’221”N,
117º31’825”E, ST2: 00º09’226”N, 117º32’561”E
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RESULTS AND DISCUSSION
Distribution of seagrasses
Seagrass beds in northern Bontang composed of C.
rotundata, H. pinifolia, E. acoroides, T. hemprichii, and H.
minor, while ST 1 composed by E. acoroides and C.
rotundata, and ST 2 composed of the five species. The
density of seagrass shoots on ST 1 and ST 2 was similar
(PValue = 0.88). Important value index shows that C.
rotundata was more dominant in forming seagrass beds in
ST1 and E. acoroides was dominant in ST2. Both species
have a big contribution in forming seagrass beds in
northern Bontang.
Species distribution and fish community structure
The Seagrass bed on both stations provided habitat for

112 fish species, with average density in ST 1 was 2087
individuals and 2180 individuals in ST2 (Table 2).
Based on the total number of fish found in ST1 and
ST2, we observed the top ten rank of fish species in both
stations (Table 2 and 3). The first rank in ST1 with the
highest number of population was G. flamentous and this
species were ranked as the second in ST2. S. doliantus was
included in the higher amount of fish species found in both
stations, which was ranked as the first and the second in
ST2 and ST1, respectively. It was observed that Siganus,
Apogon, and Gerres genera were more dominant in
forming a fish community in both of the seagrass beds
(Table 3). Fish density in both stations was positively
correlated with diversity index values (Table 4). The
distribution of species tended to be evenly distributed, and
no species was dominant (Table 4).

A

B

C

D

E

F

Figure 2. A. Individual number of fish. B. Mean length of fish. C. Number of shoots of seagrass and individual number of fishes at ST1.
D. Number of shoots of seagrass and individual number of fishes at ST2. E. Number of shoots of seagrass and number species of fishes
at ST1. F. Number shoots of seagrass and number species of fishes at ST2
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Table 1. Length of leaf, density, frequency, covered (mean ± standard deviation) and important value index of seagrasses in coastal
water of northern Bontang City, East Kalimantan, Indonesia

ST1

E. acoroides
C. ratundata

Length of leaf (cm) Density (shoots/m2)
(n=65)
(n=117)
Range
Mean
Range Mean
43-64.2 54.44±5.9 63-92
81±10.9
9.5-13.0 11.96±6.8 197-225 204 ± 7.3

ST2

E. acoroides
C. ratundata
T. hemprichii
H. pinifolia
H. minor

19.5-36.5 27.6±4.17 91-131 114 ±10.6
7.5-11.5
9.8±0.87 101-179 154 ±27.6
6.5-11.5
9.6±0.97
8-34
17 ±10.1
4.0-6.0
4.3±1.89 27-131 60 ±41.5
0.75-0.95 0.77±0.64 12-49
28 ±15.8

Station

Species

Frequency
(%)
Range
Mean
63-97 85 ±0.11
49-60 53 ±0.04
56-88
32-48
6-36
2-20
2-12

73 ±0.11
41 ±0.06
17 ±0.10
9 ±0.06
7 ±0.04

Covered
(%)
Range
Mean
18.42-22.07 20.26±1.4
16.12-18.94 17.42±0.9
12.01-20.54 14.83±2.4
3.31-6.88
4.28 ±1.3
4.13-8.28
4.89 ±2.6
1.57-3.12
1.70 ±1.1
0.38-1.72
1.09 ±0.7

Important
value index
Mean
%
1.44
47.94
1.56
52.06
1.36
0.86
0.34
0.28
0.16

45.17
28.50
11.48
9.48
5.37

Table 2. Compositions of species, total length (cm) and density (mean ± standard deviation) of fishes in coastal water of northern
Bontang City, East Kalimantan, Indonesia
ST 1 (n=13)

Species

Total length
(cm)
Range
Mean

Acanthurus albipectoralis
26.5-28.3
7.5-7.8
Acreichthys tomentosus
Apogon fuscus
5.7-8.1
5.9-8.8
A. kallopterus
4.5-10.6
A. kiensis
8.0-9.9
A. poecilopterus
10.2-28.9
Arothron hispidus
A. mappa
A. manillensis
12.8-24.7
A. nigropunctatus
A. stellatus
17.2-40.7
Caesio cuning
19.3-21.6
C. lunaris
12.0-13.2
C. teres
Carangoides dinema
8.7-14.5
C. ferdau
C. ignobilis
Centriscus scutatus
9.0-10.1
Cephalopholis sonnerati
27.3-36.8
Chanos chanos
Cheilio inermis
Cheilodipterus quinquelineatus 9.8-11.2
8.0-8.7
Chelmon rostratus
5.0-14.5
Colurodontis paxmani
Cymbacephalus beauforti
28.9-34.5
Dexillichthys muelleri
25.1-26.3
Diodon liturosus
11.6-12.7
Dipterygonatus balteatus
8.5-13.4
Epinephelus coioides
15.0-27.0
E. quoyanus
E. tukula
Escualosa thoracata
30.0-50.2
Fistularia commersonii
62.5-64.8
F. petimba
Gerres abbreviatus
8.8-15.5
4.2-17.4
G. flamentous
7.1-8.4
Gnathanodon speciosus
Gymnothorax undulatus
Halichoeres biocellatus
Hemirhampus far
8.7-17.5
Himantura toshi
20.7-21.7
Hippocampus hystrix
Nematalosa come
Lactoria cornuta
7.5-11.3
Lagocephalus inermis

27.3±0.77
7.7±0.13
7.1±0.87
7.8±0.70
7.7±0.41
9.3±0.35
19.6±6.09
21.3±4.85
26.3±3.03
20.6±0.76
12.7±0.44
11.6±2.45
9.5±0.42
32.1±3.09
10.8±0.65
8.4±0.24
9.9±2.27
31.7±1.66
25.5±0.48
12.1±0.33
10.9±1.27
22.2±4.67
39.8±11.31
63.4±0.70
10.4±2.26
12.0±2.29
7.7±0.38
13.1±3.30
21.3±0.39
8.8±1.38

T-test
(ST1 vs. ST2)

ST 2 (n=13)
Density
(ind day-1)
Mean

1±0.55
1±0.50
7±0.96
51±1.29
104±3.37
3±1.15
9±1.01
2±0.89
1±0.58
3±0.87
1±0.55
1±0.45
1±0.65
1±0.82
2±1.19
1±0.79
16±0.84
1±0.90
1±0.76
1±1.07
3±0.71
2±1.14
2±0.96
1±0.76
4±1.52
370±4.19
1±0.32
5±1.35
1±0.55
4±0.82

Total length
(cm)
Range
Mean

20-21
5.9-9.1
5.1-9.9
6.0-11.2
10.1-11.0
10.2-25.8
21.0-22.0
16.0-16.9
15.7-19.5
15.2-16.9
7.8-8.5
12.3-13.2
10.0-16.5
12.0-19.0
10.0-12.5
10.8-13
16.5-29.5
10.2-11.6
18.5-25.5
29.0-33.5
21.0-32.0
23.5-29
10.5-24.5
11.0-12.5
7.2-11.5
29.0-32.0
48.0-53.7
10.4-16.5
8.8-17.2
8.6-9,7
49.4-63.0
8.2-10.0
29.0-37.3
38.5-42.5
10.8-20.0
13.5-15.0
24.6-26
-

20.3±0.45
7.8±1.03
7.2±0.64
8.3±0.72
10.4±0.43
21.1±4.60
21.5±0.41
16.4±0.45
18.6±1.46
15.7±0.69
8.2±0.29
12.9±0.39
14.2±3.63
15.0±2.94
10.7±1.24
11.9±0.91
23.0±4.65
10.9±0.57
23.5±2.87
30.5±1.75
25.7±4.60
26.3±3.89
19.8±5.46
11.5±0.68
9.2±1.77
30.5±1.41
52.7±1.16
13.0±0.84
13.4±4.75
9.0±0.40
56.2±6.80
8.9±0.65
32.7±2.73
40.5±1.63
14.7±4.77
14.0±0.67
25.3±0.70
-

Density
TL
(ind day-1)
Mean
p-values

1±1.22
6±0.58
18±3.51
12±1.15
1±1.1
5±0.82
1±0.50
1±0.58
1±0.49
2±0.71
2±1.26
3±1.41
8±1.19
7±3.30
1±1.73
1±1.41
1±1.22
1±0.82
2±0.84
1±0.55
2±0.50
1±1.41
2±1.30
1±1.41
3±0.82
1±1.41
1±0.82
9±0.96
101±4.75
1±0.41
1±1.15
1±0.45
6±0.71
1±0.82
3±1.15
1±0.50
1±0.71
-

0.000
0.841
0.437
0.129
0.013
0.636
0.178
0.000
0.610
0.000
0.905
0.000
0.911
0.001
0.469
0.335
0.000
0.207
0.061
0.000
0.000
0.017
-

Density

Max. TL
(cm)

Lm
(cm)

p-values

0.335
0.100
0.126
0.000
0.216
0.080
0.109
0.053
0.434
0.006
0.002
0.247
0.247
0.003
0.589
0.194
0.672
0.265
0.000
0.337
0.005
0.864
-

33*#a
12*#a
10*11.2#a
15*16#a
9*8#a
12*14#a
51*50#a
60*65#a
31*#eg
30*33#a
90*120#deg
43*60#a
38*40#a
40#a
85#d
70*#d
170*#f
#
15* d
58*57#a
120*d
50*#c
12*13#a
20*#a
15*12#c
50#g
20 *g
40*65#a
14*a
95*120#ae
35*40#f
140*200#a
10#d
163*#ad
185*200#a
30#de
25*35#d
111*120#f
150 *#a
15*12#a
35*45#d
180*beg
15*17#d
23*21#d
46*#cg
90#f

98.1#

48.3#
99#

19#
32.5#
range

18#

7.9#
30#
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8.8-11.2
9.9±1.23 2±0.58
9.2-10.1 9.5±0.35 1±0.55
0.5717 0.281
24*28#ae 10.7#
Leiognathus equulus
6.0-10.5
8.1±1.03 3±1.29
6.0-12.5 9.1±1.96 37±0.89
0.4068 0.001
12*#a
L. elongatus
4.9-5.8
5.5±0.39 2±0.82
9.7-14.1 12.9±0.11 5±1.53
0.000 0.353
21#de
L. fasciatus
6.5-21.5
14.0±2.05 130±4.73 8.5-23.0 15.6±2.30 9±12.65
0.132 0.000
50*52#ag 27.7#
Lethrinus lentjan
11.2-18.3 12.7±1.56 1±0.71
40*45#a
20#
L. ornatus
#acg
L. variegatus
6.8-9.0
9.2±1.96 3±1.26
7.6-18.2 12.9±1.88 29±1.05
0.016 0.006
20*
43.1-47.0 45.0±1.95 1±0.58
55*63#ade
Liza vaigiensis
Lutianus lutjanus
14.1-14.9 14.3±0.31 1±0.82
11.8-12.0 11.9±0.10 1±1.15
0.485 1.000
30*#a
L. bitaeniatus
9.8-13.4
11.6±1.30 9±2.17
14.2-15.5 14.8±0.56 1±0.82
0.002 0.010
30*#af
L. decussatus
10.7-13.2 12.0±1.13 5±1.29
11.1-13.7 12.6±1.10 4±1.41
0.009 0.731
30*#af
10.6-17.2 13.8±3.31 1±1.15
20.1-21
20.6±0.46 1±0.96
0.533 0.550
35*#a
17.1#
L. fulviflamma
#a
L. fulvus
13.5-21.0 15.5±2.22 65±3.08 10.6-19.8 16.2±1.39 5±0.89
0.000 0.000
40*
22.5#
12.4-15.5 14.3±1.48 2±5.52
70*97#be 39#
L. johnii
22.0-24.2 23.1±0.90 1±0.82
35*40#a
L. lunulatus
10.7-12.3 11.1±0.67 1±0.55
16.5-17.7 17.0±0.43 1±0.55
0.000 1.000
38*#a
L. quinquelinetus
30.1-31.0 30.5±0.35 1±0.52
25.2-29.5 27.5±1.54 1±0.45
0.001 0.318
150*#be
25#
Megalops cyprinoides
#be
15.3-16.7 16.0±0.41 1±0.53
27*
13#
Monodactylus argenteus
17.1-19.3 18.0±0.80 1±0.71
33*38#ag 24#
Mulloidichthys vanicolensis
Mugil cephalus
17.5-18.3 18.0±0.24 1±0.79
100#d
35.4#
Pomacentrus milleri
9.8-11.6 10.7±0.65 1±1.22
13 *a
Paramonacanthus choirochephalus9.0-19.5
11.8±2.19 6±1.73
13.4-18.0 16.0±1.78 3±1.50
0.037 0.320
14 *g
P. filicauda
7.0-13.5 10.0±2.57 2±0.58
22*#g
Parapercis tetracanata
11.7-12.9 12.4±0.50 1±0.82
6.0-13.4 7.9±3.20 2±1.34
0.029 0.152
29#d
8.7-16.5 13.5±1.93 63±1.40
134*#a
Paraplotosus albilabris
13.0-20.4 17.4±3.84 2±3.79
12.0-17.3 14.7±1.88 1±1.41
0.219 0.383
25*#g
Pardachirus pavoninus
Parupeneus margaritatus
11.0-13.7 12.2±1.11 1±2.45
10.6-22.7 17.3±5.40 1±0.71
0.117 0.723
23#a
12.5-15.0 13.8±0.80 1±1.03
40*45#ag
P. indicus
9.0-13.0 11.1±1.62 10±1.72
20*30#de
Pelates quadrilineatus
11.5-16.0 13.1±1.47 3±2.52
11.0-14.8 13.0±1.07 9±1.64
0.221 0.556
20*35#a
Pentapodus caninus
P. bifasciatus
6.5-16.0
13.0±1.93 21±5.50 6.5-16.0 14.1±1.10 25±1.72
0.900 0.013
18*20#a
16.3-18.1 14.8±1.43 1±0.71
15*#dg
Pentaprion longimanus
9.0-17.0
14.7±3.35 5±2.06
18.0-20.5 17.2±4.61 6±1.33
0.382 0.566
50*a
Platax sp.
Platybelone argalus platyura
39.0-42.3 39.7±1.36 1±0.82
40*45#f
15.9-17.1 16.7±0.54 1±1.64
24 *c
Pseudomonacanthus macrrurus7.5-8.7
8.8±1.54 1±0.58
34.5#eh
17#
Rastrelliger brachysoma
R. kanagurata
17.7-21.3 19.6±1.80 1±1.53
17.5-30.0 23.8±6.25 1±1.41
0.326 0.147
35*^ad
23^
#h
19.1-20.1 19.7±0.39 1±0.82
20
R. faughni
6.5-10.8 8.9±0.48 13±1.29
19*17#d
12.8#
Sardinella gibbosa
a
13.1-13.8 13.5±0.29 1±0.50
14.9-31.6 18.7±6.01 1±1.15
0.134 0.438
28*
Scarus chameleon
14.5-17
15.9±0.10 1±0.71
34*40#a
S. dimidiatus
9.5-9.9
9.7±0.17 1±0.45
10.4-29.4 16.7±6.94 2±0.63
0.050 0.040
30*45#a
S. globiceps
range #
36.7-49.0 43.0±6.15 1±0.58
100 *ac
49
S. gobban
#a
Scolopsis auratus
15.0-21.0 18.2±0.75 1±1.53
22*24
9.0-14.3
13.8±1.01 11±8.02 10.1-21.0 14.8±2.46 50±1.13
0.834 0.000
16*25#g
S. ciliatus
S. margaritifer
8.5-18.1
13.1±0.60 7±1.15
11.6-20.0 15.2±2.52 5±1.26
0.226 0.531
20*28#f
S. taeniopterus
14.2-15.2 14.6±0.36 1±0.89
12.0-20.0 16.0±3.61 2±0.58
0.385 0.256
23*30#f
13.8-14.4 14.1±0.22 1±0.55
30.7-31.9 31.5±0.54 1±0.50
0.000 0.603
75*70#c
Scomberoides tala
11.0-15.7 14.8±2.10 7±0.58
11.0-17.5 13.7±2.29 32±1.33
0.415 0.003
25*#c
Selar boops
8.0-18.0 13.7±5.13 1±0.58
30*70#c
17#
S. crumenthalmops
#be
range #
12.1-12.9 12.5±0.30 1±0.55
33*38
14
Scatophagus argus
6.5-24.5
16.3±4.30 149±2.80 11.1-29.0 16.6±3.84 77±1.38
0.886 0.049
20*30#cg 11.6#
Siganus canaliculatus
8.1-8.3
8.2±0.08 1±0.82
28*35#ac
S. corallinus
6.5-21.0
14.4±3.63 187±2.96 9.1-24.3 13.4±1.41 297±7.14 0.263 0.182
30*25#a
S. doliantus
11.7-14.5 13.6±1.62 3±1.15
41*c
S. fuscescens
14.5-25.5 19.6±3.40 29±1.75 12.5-25.0 19.1±2.87 72±5.61
0.777 0.000
53*#ad
S. guttatus
24.6-27.3 26.2±1.31 1±0.96
45*#a
S. vermiculatus
S. virgatus
9.7-12.3 11.2±0.26 4±1.41
30 *a
Sphyraena jello
27.5-70.0 46.9±1.13 1±0.82
150*#def
15.5-25.5 23.5±0.47 4±1.71
18.5-30.0 24.0±4.61 2±0.96
0.284 0.238
90*170#d
S. qenie
Sphaeramia orbicularis
5.5-11.0 8.7±2.37 5±4.36
11.5*10#bd
8.3-10.2
9.2±0.85 10±1.41 6.5-13.0 9.9±2.07 15±1.11
0.517 0.444
16*15.5#de 9#
Stolephorus indicus
range #
14.5-15.8 15.0±0.64 1±0.45
35*40#a
24
Synanceia verrucosa
ag
43.0-51.0 47.0±3.74 1±1.41
70*
20.3#
Taeniura lymma
20.0-20.9 20.5±0.34 1±0.89
25*27#beg
Thryssa hamiltonii
30.5-33.7 32.1±1.60 1±0.58
130 *d
Tylosurus gavialoi
13.5-18.2 14.7±0.23 4±2.63
13.0-18.1 16.3±1.90 5±1.81
0.262 0.613
30*25#cg
Upeneus tragula
U. vittatus
11.5-13.4 13.0±0.98 7±1.00
9.0-15.0 11.0±2.83 4±2.52
0.170 0.398
28*#cg
1280
1013
Mean
Note: *: Allen (1999). Max.TL: Maximum total length. Habitat: a. Coral reefs, b. Mangrove, c. Seagrass beds-weedy area, d. Coastal
water. # : www.fishbase.org Lm: Length maturity, e. Estuaries, f. Inshore/offshore reefs, g. Mud/sand bottom. ^: FAO 2013
(www.fao.org/fishery), h. pelagic-neritic
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Table 3. Top ten ranks of fish species based on the amount of fish found in ST1 and ST2 of the coastal water of northern Bontang City,
East Kalimantan, Indonesia

ST1
Rank

Species

1
2
3
4
5
6
7
8
9
10

Gerres flamentous
Siganus doliantus
Apogon kiensis
Lethrinus lentjan
Siganus canaliculatus
Apogon kallopterus
Lutjanus fulvus
Siganus guttatus
Pentapodus bifasciatus
Stolephorus indicus

ST2
Percentage (%)
Mean
Number Contributions
of ind.
32.29
19.25
20.85
12.43
15.45
9.21
15.07
8.98
14.03
8.37
12.38
7.38
6.88
4.10
5.27
3.14
4.10
2.44
2.89
1.72

Rank

Species

1
2
3
4
5
6
7
8
9
10

Siganus doliantus
Gerres flamentous
Siganus guttatus
Siganus canaliculatus
Paraplotosus albilabris
Scolopsis ciliatus
Pelates quadrilineatus
Leiognathus elongatus
Selar boops
Apogon kallopterus

Percentage (%)
Mean
number of Contribution
ind.
36.51
18.76
13.87
7.13
13.74
7.06
12.22
6.28
9.93
5.10
9.10
4.68
7.06
3.63
6.76
3.47
5.68
2.92
5.65
2.90

Table 4. Density, diversity, similarity, dominance (mean ± standard deviation) and correlation of fish found in ST1 and ST2 of the
coastal water of northern Bontang City, East Kalimantan, Indonesia
Station

Density (indv. day-1)
Range

Mean

r

Diversity
Range
Mean

r

Index
Similarity
Range
Mean

r

Range

Dominance
Mean

r

ST1

623-1928

1280±401.2 +)0.47 0.58-2.84 1.74±0.66 (+)0.61 0.41-0.81 0.62±0.18 +)0.11 0.10-0.79 0.33±0.20 (+) 0.42

ST2

457-1686

1013±358.4

1.39-2.98 2.36±0.43

Correspondence analysis showed three groups of
species-associated, i.e., (i) 29 species were closely
associated with ST1 (A. kallopterus, A. poecilopterus, A.
nigropunctatus, C. lunaris Cymbacephalus beauforti, F.
petimba, G. undulatus, H. hystrix, N. come, L. equulus, L.
elongatus, L. lentjan, L. bitaeniatus, L. quinquelinetus, M.
cyprinoides, M. argenteus, P. caninus, R. kanagurata, R.
faughni, S. ciliatus, S. margaritifer, S. margaritifer, S.
doliantus, S. guttatus, T. gavialoi, U. tragula, U. vittatus),
(ii) 32 species were closely associated with ST2 (A.
stellatus, C. teres, C. dinema, C. inermis, E. coioides, E.
tukula, E. thoracata, G. speciosus, H. biocellatus, H. far,
H. toshi, L. fasciatus, L. fulviflamma, L. fulvus, L.
lunulatus, M. vanicolensis, P. milleri, P. filicauda, P.
albilabris, P. margaritatus, P. quadrilineatus, Platax sp.,
P. platyura, P. macrrurus, S. chameleon, S. globiceps, S.
gobban, S. auratus, Selar boops, S. vermiculatus, S.
indicus, T. lymma), (iii) and 51 species were spread in both
stations (Figure 3.A and 3.B).
Discussion
Seagrass beds
Seagrass beds ST1 were constituted by two species
which was dominated by the density of C. rotundata and
ST2 was constituted by five species dominated by E.
acoroides (Table 1). Based on the morphometric analysis,
E. acoroides had the biggest size than the rest of the
species (Table 1). Thus, its existence could protect other
smaller seagrass species against stream and waves

0.49-0.87 0.76±0.11

0.07-0.42 0.16±0.09

(Fonseca and Cahalan 1992; John et al. 2015). Seagrass
beds provide habitat for a fish community (Phinrub et al.
2014), the existence of seagrass stand especially E.
acoroides (Lotuconsina et al. 2012; Ambo-Rappe et al.,
2013) and C. rotundata is a vegetative option chosen by the
fish species to associate. The association can be seen
especially in ST2 where the density of the seagrass was
experiencing a decline, especially H. pinifolia, T.
hemprichii, and H. minor but the number of fish species
available in ST2 was consistent, and so was the fish species
in ST1 which was likely stable (Figure 2.E and 2.F).
Distribution and fish community structure
Spatial patterns. Seagrass beds ST1 that was formed
by two seagrass species contributed in providing habitat for
73 fish species or 51.09% of total amount of fish species
(Table 2). The seagrass beds ST2 formed by five species of
seagrass contributed in providing habitat for 95 fish species
or 48.91% of total amount of caught fishes (Table 2).
Specifically, in ST1, only 17 species were found. These
species share a relatively similar total length (Table 2). The
total length of a species was relatively shorter than that
appeared in South-East Asia (Allen 1999) and tended to be
in the juvenile phase or immature, such as A. fuscus, L.
vaigiensis and T. hamltonii, A. stellatus, C. ferdau, Chanos
chanos, C. rostratus, C. paxmani, Lagocephalus sp., L.
johnii, M. argenteus, M. cephalus, R. tayenus, S. argus, S.
corallinus, and S. verrucosa (Table 2). There were 39 fish
species found in ST2 which had relatively similar total
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length. Some of the fish species tended to be in the juvenile
phase or immature, such as A. mappa, A. manillensis, C.
dinema, C. ignobilis, E. tukula, L. cornuta, L. ornatus, P.
albilabris, P. indicus, P. quadrilineatus, S. gibbosa, S.
dimidiatus, S. gobban, S. auratus, S. crumenthalmops, S.
virgatus, S. jello, T. Gavialoi (Table 2). Meanwhile, the
same species found in both stations showed that (Table 2),
there was a tendency of differences in the total length and a
significant difference in the number of species. The same
species found in both stations were insignificantly different
in their total length but significantly differed in their
density (A. hispidus, Caesio sp., C quinquelineatus, L.

equulus, L. fulviflamma, P. bifasciatus, S. ciliatus, S.
canaliculatus, S. indicus). It also noted that in ST1 the
species density was higher and total length shorter than that
in ST2 (Figure 3.B). This included the total length of fishes
ranked in top 10 in which the total length of G.
filamentosus in ST1 was shorter than in ST2 (Table 2 and
3). This shows that the characteristic of the land compiler
seagrass species in both stations serves not only as a space
for biology phase from each species but also as a biomass
distribution (Figure 3.A and 3.B) (ter Braak 1987; Ludwig
and Reynolds 1988; ter Braak and Verdonschot 1995).

A

B

Figure 3. Correspondence analysis with 90% of inertia: A. Distributions of species based on the number of individual vs. station based
on sampling time; B. distributions of species based on the total length vs. station based on sampling time. Fish1-fish112 represents
number of individual of species and L1-L112 represents total length of species

A

B

Figure 4. The estimated contribution for a number of species (A) and a number of fish (B) on the mature phase from seagrass beds to
coastal water of northern Bontang City, East Kalimantan, Indonesia
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Table 3 shows that the contributions of S. doliantus
(31.19%), G. filamentosus (26.38%), S. canaliculatus
(14.65%), A. kallopterus (10.28%), S. guttatus (10.20%)
were larger than other species stated on both stations in
forming a fish community of seagrass beds. A. kiensis, L.
lentjan, L. fulvus, P. bifasciatus and S. indicus tended to be
critical species on ST1 while P. albilabris, S. ciliatus, P.
quadrilineatus, L. elongatus, and S. boops tended to be key
species on ST2.
The density of fishes tended to be higher in ST1
compared to ST2, showing that the abundance relationship
between the two stations is positively correlated (Table 4).
This fact indicated that when the population of fish species
in ST1 is higher, the number of fish species population in
ST2 will also increase and vice versa (Figure 2.A). Study
based on the total length size of the fishes showed that the
average total length of fishes in ST1 tended to be shorter
than that in ST2 (Table 2). It shows that fishes with smaller
sizes tended to be found in ST1 and fishes with larger sizes
from the same species tended to be found in ST2 (Figure
2.B). The selection of habitat characteristics by the fish
communities in the seagrass is related to seagrass beds
(McCloskey et al. 2015) as nursery ground especially in the
juvenile phase (Jones 2014) and dietary changes (Lepoint
et al. 2016) in the adult (Dromard et al. 2017) or migratory
phase with regard to age (phase) (Ambo-Rappe et al. 2013;
Honda et al. 2013; Phinrub et al. 2014; Oliveira et al.
2016).
Temporal patterns. Species of predator fishes found in
ST1 (Genera: Acreichthys, Arothron, Carangoides,
Cephalopholis, Dexillichthys, Diodon, Epinephelus,
Gymnothorax, Hemirhampus, Himantura, Leiognathus,
Lethrinus, Lutjanus, Mulloidichthys, Paramonacanthus,
Paraplotosus,
Parupeneus,
Pelates,
Pentapodus,
Pentaprion, Platax, Platybelone, Pseudomonacanthus,
Rastrellinger, Scarus, Scolopsis, Scomberoides, Taeniura,
and Upeneus) were longer in size than that found in the
ST2. This condition shows that the existence of seagrass
beds in ST1 was more likely to become the place for
smaller fishes to find shelter and food (Cucio et al. 2016);
their existence attracts predator fishes originated from coral
reef ecosystem (Verweij et al. 2008). This shows the
tendency of the ST1 role as a nursery ground and ST2 as a
feeding ground. This fact confirmed the role of seagrass
beds as a nursery grounds (Verweij et al. 2008; Campbell
et al. 2011) and a feeding ground (Hantanirina and Benbow
2013; Blandon and zu Ermgassen 2014) and on that mature
phase in part of the big fish species will be going to other
ecosystem which is specific to a coral reef as their habitat
(Allen 1999).
The above phenomenon shows a distribution or
migration of the same fish species which made ST1 and
ST2 as their habitat at different times. This condition can
be seen from diversity index value, similarity, and
dominance values which showed a positive correlation
between two stations (Table 4). The high level of diversity
index value and similarity as well as the lower level of
dominance index value in both stations shows that seagrass
beds had played an important role in preserving fish
biodiversity in coastal water (Nadiarti et al. 2012) which
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was confirmed from the fish connectivity (Unsworth et al.
2007; Waycott et al. 2009) in both stations.
The estimated contribution for a number of species and
a number of fish on the mature phase from seagrass beds to
coastal water, shows that seagrass bed contributed
significantly not only to the coral reefs but also to coastal
water, mangrove, estuaries, inshore/offshore reefs,
mud/sand bottom, and pelagic-neritic), while species
staying permanently in seagrass beds was over 8.9%
(Figure 4). Physical interaction among fishes in the two
stations had made seagrass beds as a buffer zone for
physical distribution of fish species found in the coastal
ecosystem. The fact shows the existence of seagrass beds
as an ecosystem can connect fish species between
mangrove and coral reef ecosystem as well as in other
ecosystems. This condition gives us the ability to forecast
the impact of losing seagrass beds to fish species
biodiversity in the coastal ecosystem.
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Abstract. Choir IR, Iskandar J, Parikesit, Partasasmita R, Husodo T, Kumoro J, Megantara EN. 2018. The local management and
sustainability of swidden farming in the Villages of Bojongsalam and Sukaresmi, Upper Cisokan Watershed, West Java, Indonesia.
Biodiversitas 19: 1054-1065. In the past, the swidden farming (huma or ladang) system had been predominantly practiced by village
people of West Java. Nowadays, however, the huma farming has rarely been practiced by the village people of West Java due to the
government policy, and environmental and socioeconomic changes. The local community who reside in the Villages of Bojongsalam
and Sukaresmi, the upper stream of Cisokan, West Java, Indonesia, has still practiced both the wet rice field (sawah) and the huma
farming in the private land, production forest of a state-owned forest company (Perhutani), and a state-owned electric company (PLN)
project land. Recently some areas of the huma land have been used for the project of the Hydroelectric Power Plant of the Upper
Cisokan Pumped Storage (UCPS). As a result, the sustainability of huma system of the local people of Bojongsalam and Sukaresmi has
been seriously disturbed. The aims of this study were to elucidate the local management of the huma farming systems that are
undertaken by local people of Bojongsalam and Sukaresmi Villages, and to analyze the sustainability of the huma farming of local
people of Bojongsalam and Sukaresmi Villages as affected by the UCPS Hydroelectric Power Plant project. The qualitative method was
used, while several techniques of collecting the primary data, namely observation and in-depth interviews with informants were applied
in this study. The results of study showed that the local management of the huma farming has been annually undertaken by the local
people of Bojongsalam and Sukaresmi, including deciding the location of huma plot, preparing the land (cutting shrubs and burning
vegetation biomass), planting rice (ngaseuk) and other annual crops, weeding (ngored) and providing chemical fertilizers (mupuk),
controlling pests, harvesting rice (dibuat), and fallowing land. Based on analysis of the emergent properties of the agroecosystem of
huma farming, it can be predicted that productivity, stability, equitability, and sustainability of the huma farming systems of
Bojongsalam and Sukaresmi Villages tend to be low in the near future due to the impact of UCPS Hydroelectric Power Plant project.
Keywords: Huma, local management, swidden farming system, sustainability, upper Cisokan

INTRODUCTION
The swidden cultivation, shifting cultivation, and slashand-burn is term for the oldest simplest form of agricultural
production. Land is cleared of trees, scrub, and other
vegetation, which is then burned and then land is planted
with upland rice and other annual crops. After a year or
two, the land is fallowed, and a new piece of land is
cleared, the vegetation burned, and newly opened land
planted with upland rice and other annual crops (Weinstock
2015; Ramakrishnan 2015). The swidden agriculture is
called in Sundanese as huma or ladang in Indonesian. The
swidden cultivation (ngahuma) system has become an
inseparable culture of the Sundanese Community (Iskandar
1998). The emergence of a system or pattern of ngahuma is
a stage in the evolution of human culture from the culture
of hunting and gathering to the culture of farming
(Hardjasaputra 2009). In other words, the model of rice
cultivation in the fields is the oldest way, inherited from the
period of shifting cultivation society. The main livelihood
of the old Sundanese people is farming or huma (Iskandar

1998; Jamaludin 2012). Seen from the history of ecology,
indeed until the early 20th century the shifting cultivation
system or the huma system in Priangan and Banten Selatan
was still very dominant (Geertz 1974; Iskandar 1998).
However, in line with the increasing population, the
decreasingly narrow forest area, and government policies,
from the Dutch colonial era to the post-colonial era, the
huma system of village of West Java and Banten has been
formally banned by government. As a result is almost
extinct in Priangan and Banten, Indonesia (Iskandar 2015;
Iskandar et al. 2016).
The ngahuma system can still be found in the vicinity
of the Upper Cisokan Pumped Storage Hydroelectric
Power Plant (UCPS PLTA) project area. Ngahuma activity
has been done for a long time and has become a culture
inherited from generation to generation. Berahadang
(ngahuma) has become the main livelihood for the
community around UCPS Hydroelectric Power Plant
Project, especially for people in Bojongsalam and
Sukaresmi Villages, Rongga Sub-district, West Bandung
District. Land cultivation is done on private land and state-
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owned forest company (Perhutani’s) land. The construction
of the UCPS Hydroelectric Power Plant Project, community
farming systems in Bojongsalam and Sukaresmi Villages
will be seriously disrupted, because most of farm land is
lost and is used to build the UCPS Hydroelectric Power
Plant Project facilities. When the project is in operation,
some more farm land will be lost. As a result, the
sustainability of the community system of Bojongsalam
and Sukaresmi Villages will be seriously disrupted.
The aims of the study were to elucidate the local
management of the huma farming undertaken by local
people of Bojongsalam and Sukaresmi Villages, and to
analyze the sustainability of the huma farming of local
people of Bojongsalam and Sukaresmi Villages as affected
by UCPS Hydroelectric Power Plant Project.
MATERIALS AND METHODS
Study sites
The research was conducted in 2 villages, namely
Bojongsalam Village and Sukaresmi Village, Rongga Subdistrict, West Bandung District, West Java Province,
Indonesia (Figure 1). Sukaresmi Village consists of 4
hamlets (kampong or kampung), 21 residential units called
Rukun Warga (RW) and 59 neighborhood called Rukun
Tetangga (RT). The number of RWs studied was 3, namely
RW 1 (Lembursawah), RW 2 (Cimarel) and RW 3
(Cipateungteung). The three RWs were selected because
their locations were close to the UCPS access road and
Upper Dam Hydropower Projects. Bojongsalam Village
consists of 4 hamlets, 12 RWs and 49 RTs. Two RWs
adjacent to the UCPS Lower Dam Hydropower Project
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were selected, namely RW 10 (Muara, Citali, and
Cangkuang) and RW 4 (Cangkuang and Langkop). The
Sukaresmi Village has annual rainfall of 2000/2500 mm
with humidity of 70-75 g/m3, average temperature of 22°C
and is lying at an altitude of 700 m above sea level, having
26-27° slope. Most of the soil type in the Sukaresmi is
black soil (tanah hideung). Bojongsalam Village is lying at
an altitude of 923 m asl., having topography that varies
from steep to very steep (25-50o slope) in the hills. Its
average temperature ranges from 23oC to 26oC with the
relative air humidity ranging from 54.2% to 93% and
annual rainfall of 1650 mm. The type of soil in
Bojongsalam is clay with red/black color.
Sukaresmi Village area is 2020 ha. The area is divided
into several lands uses, namely 4% as settlement, 13%
cultivation land, 0.1% cemetery, 3% home garden, 0.005%
office space, 57% Perhutani’s land, 19% other infrastructures,
and 4% tegal/dry cultivation land. The total area of rice
field is 275 ha, consisting of 47%, semi-technical irrigated
rice field and 53% non-irrigated rice field. In addition,
Sukaresmi Village has a total area of dry land of 253 ha,
consisting of 90 ha of tegal/dry cultivation land, 88 ha of
settlement and 75 ha of home garden. Meanwhile,
Bojongsalam Village has an area of 1313.189 ha. The area
is divided into several lands uses, namely 2% as settlement,
7% rice field, 44% plantation, 1% home garden, 42% forest
area, 2% other infrastructure, and 3% cultivation area. The
total area of rice field is 96.685 ha, consisting of 26% of
semi-technical irrigated rice field and 74% of rainfed rice
field. In addition, Bojongsalam Village has a total area of
69 ha dry land comprising 51% tegal/ladang, 32%
settlement and 17% yard. It has 576 ha of state plantation
land and 545,504 ha production forest land.

Sukaresmi

West Bandung District, West Java

Bojongsalam

Rongga Sub‐district, West Bandung

Figure 1. Map of Sukaresmi Village and Bojongsalam Village, Rongga Sub-district, West Bandung District, West Java Province, Indonesia
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Research procedures
The method used in this study was mixed-method,
combination of qualitative and quantitative with ethno
ecological approach was applied (Iskandar 2012a;
Albuquerque et al. 2014). Qualitative data collection
techniques were conducted by direct observation and semistructured, in-depth interviews with competent informant
and key informants that are purposively selected. A key
informant is someone who has a deep knowledge of the
management of the huma system in the villages of
Bojongsalam and Sukaresmi (cf. Martin, 1995; Newing et
al. 2011). In addition, the structural interviews with
respondents using questionnaires were carried out. The
respondents were randomly selected. To decide sample
number of respondent used statistical formula by Lynch et
al. (1984) in this study also uses structured interviews that
interview using questionnaires sheet of respondents who
have been selected randomly using statistical formula. The
statistical formula used in this study are based on Lynch et
al. (1974) as follow:

Where:
n : Sample size (Respondent)
N : Population size
Z : Normal variable value for 95% confidence level
(1.96)
p : highest proportion (0.5)
d : sampling error (0.10)
Respondents selectively have chosen based on the
heads of household of 2 RWs (RW 4 and RW 10) in
Bojongsalam Village and 3 RWs in Sukaresmi Village
(RW 1, RW 2 and RW 3). Based on the profile data of
Bojongsalam Village and Sukaresmi Village, the number of
households in the designated RWs was 646 families.
Therefore, on the basis of total households and is calculated
by statistical formula of Lynch et al. (1974), 84 households
were selected as respondents of Sukaresmi and
Bojongsalam villages.
Data analyses
The results of qualitative data collection were analyzed
through
several
stages,
namely
cross-checking,
summarizing and synthesizing, and building up a narrative
with descriptive and evaluative analysis (Iskandar 2012a,
Newing et al. 2011). While quantitative data obtained from
questionnaire was processed by statistical descriptive and
interpreted by using Microsoft Excel 2010 software.
Percentage is used to categorize land area owned by
cultivators. The respondents of swidden farmers based on
the swidden land ownership were categorized as large,
medium and small group farmers. To analyze the
sustainability of swidden farming system, the emergent
properties of agroecosystems, namely productivity,
stability, equity, and sustainability were applied (Conway
1986; Iskandar 2006).

RESULTS AND DISCUSSION
The management of swidden cultivation
Like common traditional management of swidden
farming systems based on crops cultural ethnic groups of
Indonesia, there are some stages of the swidden
cultivations, namely site selection, land preparation,
planting rice, managing weed and pests, harvesting rice,
and fallowing land (Dove 1985; Iskandar 1998; Lahajir
2002).
Site selection
The status of huma land in the research location can be
divided into two main categories, namely village farmers
(customary land) and state-owned forest company
(Perhutani's) land. Farmers' land is land that has been
owned for generations either from purchase or inheritance.
Ownership rights are fully owned by the farmers. Every
farmer knows the land he/she owns. Signs of each
cultivated land include the annual fruit trees such as
avocado (Persea americana Mill), rambutan (Nephelium
lappaceum L.), jengkol (Archidendron pauciflorum (Benth)
IC Nielsen), jackfruit (Durococcus heterophylla Lam),
durian (Durio zibethinus Murr), and petai (Leucaena
leucocephala (Lam) de Wit).
The location of cultivated land in Bojongsalam and
Sukaresmi Villages has the same characteristics, i.e.,
located on a sloping and steep slope (Figure 2). The
striking difference between the two locations is the access
road to the arable location. To reach the location of
research in Bojongsalam Village namely hamlets of Citali,
Cangkuang and Langkop, the only access road that can be
used only by walking or two-wheeled vehicles.
Meanwhile, the location of cultivated huma in the
Sukaresmi Village is more accessible, due to the opening of
access road which is a UCPS Hydroelectric Power Plant
Project development. Comparison of access to huma land
in Sukaresmi and Bojongsalam Villages can be seen in
Figure 3.
Some debris of leaves and branches are collected in the
edge of swidden field and are burned (ngahuru). The
purpose of ngahuru is to facilitate the farmers in perfecting
the results of nyacar process and to add nutrients in the soil
(cf. Rambo 1984; Christanty 1986). July-August is the
months to start the process of nyacar and ngahuru because,
according to the calculation of farmers, in those months the
rainy season has not begun. This can facilitate the drying of
the remaining plant biomass from the cutting and accelerate
combustion. In addition, according to Iskandar (2011), if
the plant biomass is not dry, then the combustion is
incomplete, and the resulting ash is too little to add soil
nutrients for the plants. As a result, the growth of rice in the
fields is not good. The process of ngahuru can be seen in
Figure 5.
Land preparation
Land preparation is carried out by farmers of
Bojongsalam is similar to that of Sukaresmi. Starting from
the clearing of shrub bush, logging if necessary, gathering

CHOIR et al. – Swidden farming in Upper Cisokan Watershed, Indonesia

results of burning, burning and making it into bund. The
felling of trees and the removal of shrubs is called the
nyacar. Huma land to be cultivated this season is not the
land used during the previous seasons, because there are
still non-harvested rice crops, and this is the method
intended for the restoration of the land (reuma). The
duration of reuma is usually 2-3 years. Within 2-3 years, of
course, many wild plants invade the cultivated land. It is
these wild plants that are cut and cleared for the land to be
planted. The cutting shrubs (nyacar) is usully carried out in
July-August, Time allocation for conducting lama nyacar
depends on size of swidden plot, season, and number of
labor involved. Traditional tools are used in nyacar
namely, ax (kampak), chopping knife (parang), hard wood
stick (aseuk), and hoe (pacul). The condition of the land
that shrubs and other vegetation have been cut can be seen
in Figure 4.
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After ngahuru, the land is left fallow for approximately
1 month, waiting for the planting season (ngaseuk). The
remaining combustion in the form of logs is collected and
made like bunds (galuran). It is aimed at protecting the soil
from erosion during the rainy season. Galuran is a farmer's
way of conserving soil and water.
Planting rice
An important part of the management of huma is the
cultivation. Planting in Bojongsalam and Sukaresmi
Villages is known as ngaseuk. Planting is done in
November, because, according to farmers, in this month the
rainy season has started. There is no special day to start the
ngaseuk process at the research location. This is in contrast
to the tradition of the Baduy who choose a good day based
on experience of previous cultivation success, for example
coinciding with the day of birth or wedding (Iskandar 2011).

Figure 2. Huma condition in Hamlet of Langkop, Bojongsalam Figure 4. The new field has been prepared by total cutting shrubs
Village (PPSDAL 2017)
(nyacar)

A

B

Figure 3. Arable land (red circle) in: A. Sukaresmi Village (Pasirlaja/Babakan Bandung RW 1), and B. Bojongsalam Village (Citali RW 10)
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A

B

Figure 5. Ngahuru process in: A. Bojongsalam Village (Cangkuang Hamlet RW 4), and B. Sukaresmi Village (Cimarel Hamlet RW 1)

Figure 6. Type of huma rice

The types of crops grown on huma land are very
diverse, consisting of rice and non-rice crops. The rice
varieties grown are the local ones, such as, in local terms,
pare type of bodas, beureum betric, oman, hawara, and
sintung. Some farmers grow sticky rice on their land.
However, about 90% of the rice species grown during the
study were pare bodas and pare beureum. According to
farmers, local rice of this type is superior rice, resistant to
pest and disease, with a harvesting age of 6 months. The
type of rice planted during the research can be seen in
Figure 6.
Managing weeds and pest
Approximately two weeks after planting rice (ngaseuk),
weeding (ngoyos/ngored) is done with the aim of clearing
the land of huma from the weeds that disrupt the main

crops. At one ngahuma season, weeding is done at least 2
times. The second weeding is commonly referred to as
mindo. Ngoyos and mindo usually done by women, using
tools such as machete, sickle, and weeding hoe. The
duration of weeding depends on the size of the land and the
number of laborers that help. Fertilization and
extermination of pests are commonly done simultaneously
with weeding (ngoyos and mindo). Fertilization is also
done 2 times per season. Most farmers in Bojongsalam
Village use urea and phonska fertilizers. Meanwhile,
farmers in Sukaresmi Village use additional NPK fertilizers
in addition to urea and phonska fertilizers. This is because
access to roads and information from outside is easier.
Manure is provided only in addition to inorganic fertilizers.
Huma land is inseparable from pest attacks. Common pests
that attack the huma land are caterpillars, kungkang
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(Leptocorisa acuta), kuuk (insect larvae in the soil), wild
pigs, monkeys, and porcupines. In 2016-2017 the rice of
swidden farming (huma) was also attacked by the brown
plan hopper/BPH (wereng coklat = Nilaparvata lugens
Stal). Firstly BPH attacked rice of wet-rice field. Later on,
the BPH also attacked the swidden farming. The
eradication of BPH and caterpillars is done using artificial
synthetic pesticides purchased at the store. They usually
use spray pesticides or mixed with fertilizer. Farmers at the
study sites did not understand how to eradicate the pest
with natural pesticides, unlike the Baduy who control the
pest using medicinal plants such as cangkudu (Momordica
charantia L.), rimpang laja/laos (Languas galanga (L.)
Stuntz), green coconut water (Cocos nucifera L.), orange
peel (Citrus grandis L.), tawak kawung/aren (Arenga
stylists (L.) Osbeck), fermented palm sugar juice (tuwak
kawung/aren-Arenga pinnata (Wurmb) Merr) and kitchen
ash (lebuh hawuh) are predominately applied by the Baduy
community. The bio pesticides material are spread by hand
over the swidden. To provide bio pesticides in the rice of
swidden farming is called as treat of rice (ngubaran pare)
(Iskandar 2012). Meanwhile, to ward off wild boars and
monkeys, the peasants usually guard their huma land,
especially in the evenings from the huts they deliberately
built. The boars and monkeys have only driven away with
sticks, flashlights and farmers' shouts when the night
comes. In addition, there is a wild boar hunting culture
(moro) which is usually done 2 times a week. At least, this
can help reduce the wild boar attack to huma land.
Harvesting rice
Rice can be harvested after 6 months of planting,
around May-June. While non-rice crops, have shorter or
longer harvest period than the huma rice (Figure 7). Corn,
cucumbers and other vegetables can be harvested about 3-4
months after planting. Rice harvesting is done using a tool
called ani-ani. The amount of labor required depends on
the size of the cultivated area. The labor system is also
widely applicable in both Bojongsalam and Sukaresmi
Villages. The worker is paid with wages in the form of
money and grain (bawon). The daily wage for a man is
40,000 IDR and bawon as much as 10-20 kg. Meanwhile,
the daily wage for a woman is 35,000 IDR. However, if the
land is not too large, rice harvest is done by family
members only.
The harvest of unhulled rice paddy is directly
transported to the farmer's house. Farmers greatly avoid
storing crops in the fields. Then, the grain is dried in the
sun until it can be stored for a long time. The huma rice
grain is usually sold if the farmer gets a surplus crop.
Approximately 90% of farmers in Bojongsalam and
Sukaresmi Villages normally cultivate the swidden farming
together with cultivation the wet-rice fields. The rice grain
from the wet-rice fields is consumed every day and sold,
while the rice of swidden farming (huma) is stored to be
used as seeds in the next swidden cultivation. However, the
rice of swidden farming can be sold in terms of seed rice
(benih) instead of grain (gabah). Generally seeds of rice of
wet-rice field are commonly sold in farm shops, but seeds
are rarely sold in the farm shop.
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Fallowing land
Rice harvest leaves only straw and non-harvested plant
residues that have not been harvested. The situation in local
terms is called jami. Jami which is more than 3 months old
is called reuma. Reuma is a term for huma land that is left
fallow (Figure 8).
The duration of reuma at the study sites varies from 1
year to 3 years. It depends on several conditions. One of
them is that there are new non-rice plants that can be
harvested after rice. For example, a banana plant produces
fruit after 2 years, then duration of reuma will be left
fallow until all the bananas are harvested. If many new
trees are planted, then the period of reuma can be long,
because many new trees can be harvested after more than 3
years (Figures 9 and 10).
Sustainability of swidden system
To analysis sustainability system of swidden farming
of Bojongsalam and Sukaresmi is focused on 6 emergent
properties of agroecosystems, namely productivity,
stability, equitability, and sustainability are applied
(Conway 1984, 1986; Iskandar and Abdoellah 1988;
Marten 1988; Rerkasem and Shinawatra 1988).
Analysis
Productivity in agriculture is the result of a harvest from
the entire area. The total area of cultivated land in this
study was 16.69 ha. This area was the total of all land areas
regardless of ownership status. Productivity is calculated
on the basis of land area, i.e. small, medium and large land
area, using the following formula:
Productivity = Yield (ton) × (1/cultivated area) (ha)
Productivity in small or narrow land was 1.14 tons/ha,
the productivity of moderate land category is 2.285 tons/ha,
while the productivity the big land area was 2.624 tons/ha.
The productivity figures if multiplied by the total area will
result in the production figures. The production potential of
cultivated cultivation on the narrow land of the season was
18.97 tons, on the moderate land 38.11 tons and the land
area 43.8 tons. These numbers apply to existing conditions.
The prediction of the production value under the
condition of the UCP power plant if it is in operation shows
a change, assuming that PLN's land cannot be used as a
plot again. The change in production value after the
cultivated land is reduced to small/narrow land category is
9.28 tons, on the medium 18.65 tons and the large land
21.41 tons. Comparison of productivity of existing
condition with current operation of UCP power plant can
be seen in Table 1.
Stability analysis
Stability is a production level that can be used under
normal constant conditions, although environmental
conditions are changing (Conway 1986). In this study, the
indicators that can be used are project, pest, and population.
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A

B

Figure 7. Paddy (A) and non paddy (B) yields last season

Figure 10. Vegetation conditions of the former huma bush at the
observation site (PPSDAL 2017)

Figure 8. Jami condition

A
Figure 9. The conditions of one-year-old reuma (A) and 3-year-old reuma (B)

B
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Pressure is defined as circumstances of a suitably
customizable nature, occasionally but sustained, relatively
small or light, and can be recalculated (Conway 1986). At
the stage of the research being undertaken it is the UCPS
Hydroelectric Power Plant project development process,
starting from the land acquisition until the hydropower is in
operation. Based on the PLN (2007) report, the
construction of UCPS Hydroelectric Power Plant and its
infrastructure cover 775.64 ha, separated in two districts,
West Bandung District and Cianjur District which have
UCPS Hydroelectric Power Plant, i.e.: (i) Construction of
main construction (power house, surge tank, switchyard,
upstream dam and downstream dam), (ii) Access road (27.5
km long access road), (iii) upstream and downstream
inundated areas (iv) Transmission lines and quarry and
landslide areas.
UCPS Hydroelectric Power Plant development plan and
its infrastructure area of 775. 64 ha (PLN 2007) is
administratively located in two regencies, namely West
Bandung District and Cianjur District. Based on the land
cover types of Perhutani III, especially the Management
Unit (KPH) of Bandung Selatan and KPH of Cianjur, the
type of land use in the project area is divided into natural
areas covering natural forests and cultivated areas grown
with pine/mahogany/rasamala production forest, mixed/
talun/agroforestry, shrubs/fields/fields, fields and yard/
settlement. From the types of land use, the largest land use
is pine forest/mahogany production, reaching 5,001.86 Ha
(58%). Production forest areas are scattered throughout the
study area, and other land uses for the project site were as
large as 3,947,046 ha (24%), fishponds/ponds 2,302,443 ha
(14%), settlements and home garden 657,8409 ha (4%)
(PPSDAL 2014).
In production forest areas of KPHs of Cianjur and
South Bandung an enabling environment was also within
the forest area of Perhutani production. Administratively
some lands of the village community located in production
forest and used as site of the UCPS Hydroelectric Power
Plant. Those of land consists of perennial mixedgarden/’talun’/agroforestry, wet-rice field/fish pond, and
home garden/settlement Administratively UCPS project of
PT PLN is a type of land use in community land consists of
mixed/talun/
agroforestry,
fish/fish
ponds,
and
yard/settlement. Based on the report of the Biodiversity
Management Plan (PPSDAL 2014), the total area of
community land is 310.07 ha of land consisting of paddy
field/fish pond of 189.74 ha and yard/settlement and
garden/talun/agro-forestry area 120.33 ha. The widespread
sites of UCPS Hydroelectric Power Plant projects in
research sites can be seen in Table 2.
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At the time of research, the development process that
had been done was part of the main construction, access
road, and transmission lines. Meanwhile, the inundation
had not been done, because the UCPS Hydroelectric Power
Plant had not operated at maximum capacity and was still
at the stage of land acquisition. Exemption is done on land
owned by the population and owned by Perhutani. In
general, UCPS development activities will cause many
pieces of land to be inundated. Land clearing and
population movements to areas around the inundated areas
cause an increase in population pressure on land.
Population movements were still ongoing when this
research was conducted. Resettled residents are residents of
resettlement and agricultural land already used for project
development. The sketch of the land of Perhutani and the
location of the resettlement plan can be seen in Figure 11.
Unpredictable weather changes are feared to pose a
threat of pest explosion on huma land. This is based on the
occurrence at the time the research was taking place, when
there was an explosion of aphis that attacked the rice fields
in all the research sites. Previously, aphis had never
attacked the huma field, but in the planting season of 20162017, the pest also attacked the rice. The habit of using
insecticides for eradicating pests,may cause pesticide
resistance in aphis.
Based on the research results, the stability of the
existing condition, seen from the project pressure indicator,
pest disturbance and the number of population was still at
the medium stage. This is based on the existence of large
number of farmers who were still working on the land
despite a lot of pressure that occurred, with production that
was not much different from the previous cultivation. This
condition was possible because the project had not been
fully operated, so farmers felt that their cultivation land
was still large. If the puddles and other project facilities
have been optimally operated, there will be no possibility
of land grabbing of arable land, settlement land and
wildlife habitat. Stability predictions will be low if
available land becomes narrow or lost due to submersion of
land. Existing stability conditions and the future predictions
after UCPS Hydroelectric Power Plant operate can be seen
in Figure 12.
Table 1. Comparison of production values under existing
conditions and under UTA hydroelectric conditions already in
operation (prediction)
Production value
Existing
Prediction

Small land Moderate land
Big land
800 m2 (ton) 2000 m2 (ton) 5000 m2 (ton)
18.97
38.11
43.8
9.28
18.65
21.41

Table 2. Land requirements of UCPS Hydroelectric Power Plants and administration limits
District

Subdistrict

West Bandung Rongga
West Bandung Rongga

Village
Bojongsalam
Sukaresmi

Location within the project site
Main
Upstream
Downstream Connecting Transmission
Potential of
Quarry
construction inundated area inundated area
road
line
landslide
+
+

Source: ANDAL (2007) and EIA (2009 in PPSDAL 2014)

+
+

-

+

+

-

-
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Analysis of equality
The social equity or equality referred to in this study is
to describe the agricultural products that can be enjoyed by
all levels of society and evenness in gaining control of land
tenure status. Based on the previous explanation, that the
ownership and control of the cultivated land is divided into
private land, PLN’s land and Perhutani’s land.
The land of Perhutani can be traded, with the reason of
replacing the cost of land processing that has been done.
This condition occurred in the hamlets of Lembur Sawah
and Babakan Bandung (Sukaresmi Village). The price of 1
piece of land was about 1-2 million rupiahs, depending on
the fertility of the land and the position of ease of
cultivation of land. Sloping land and flat land is worth
more than the land.
Based on the answers of the questionnaire, the land area
based on ownership status is 14% of farmers working on
their land own/customary land, 33% in Perhutani’s land,
8% in state electric company’s (PLN) land, 19% on private
and PLN’s land, 13% on the Perhutani’s and their own

land, 5% on PLN’s and Perhutani’s land, and 7% on their
own land, Perhutani’s and PLN’s land. PLN’s land used to
belong to farmers and then was bought by PLN for
hydropower needs. The percentage of cultivated land based
on land ownership can be seen in Figure 13.

Yields
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Prediction

Existing

STABILITY
Figure 12. Condition of stability in the existing state and
predictions to come

Karangnunggal
Village
Sukaresmi
Village
Girimulya
Village

Bojongsalam
Village

Legend:
Location of inundation in the area
Perhutani
Location of orientation
Moved village
Access road plan
Puddle dam plan
Location plant of the dam
District boundary

Figure 11. The sketch of the land claimed by Perhutani and the location of the resettlement plan (PPSDAL 2014)
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Sustainability analysis
Sustainability according to Conway (1986), is the
ability of a farming system to maintain its productivity,
although the system is subject to great stress and
disturbance. Shifting cultivation generally has low
productivity and stability values, but has a high value of
equitability and sustainability. However, the addition of
new technologies and some factors of production (input)
from the outside, can increase the value of productivity but
can also lower the values of others. Conway (1986)
exemplifies in the case of paddy farms introduced with
superior seeds (IR8), which are resistant to pests and
diseases, having relatively fast harvest time and high
production yields. However, their sustainability is low,
because at the longer time scale, it actually causes the pests
become more resistant and more external additions are
required.
The huma and wetland systems in the study sites show
that traditional farming has received additional external
inputs aimed at increasing productivity, such as artificial
chemical fertilizers, artificial pesticides, and tractors to
plow the fields. However, the addition of fertilizer and
pesticides differs between huma and rice field. The use of
fertilizers and pesticides in huma is less than in the rice
field. The addition of these external inputs will affect the
output.
The value of existing production at the study site is
predicted after the puddle has changed. This is due to the
loss of farm land that cannot become farm land again. This
land area will also affect farmers' equity in doing their
work. Limited land area will cause higher land prices, so
only farmers who have large capital will work on.
In addition, the stability of the existing huma system is
also affected by the change in land area due to the loss to
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hydropower, population increase, and the allocation for
habitat of 10 protected species. In the existing condition,
sustainability could be considered moderate. This can be
seen from the input of production output, stability and
control the land of the huma system on the existing
condition had not changed much with previous years. Land
changes are predicted to create disturbances and pressures
that cause the difficulty of farmers to cultivate land.
Sustainability indicators (Productivity, Stability and
Equability) on the existing and predicted conditions, after
UCPS Hydroelectric Power Plant operates, can be seen in
Table 3.
The sustainability of the system after inundation is
predicted to shift from moderate to low. This is caused by
several things. First, after the inundation is done, the area
of arable land will decrease, and the population will
increase. Therefore, to avoid conflict, it is necessary to
regulate the right of land so that no party is harmed.

Figure 13. Percentage of huma ground land based on land
ownership status

Table 3. Comparison of the nature of agroecosystem huma between the existing condition and prediction after inundation
Existing

Prediction

18.97 ton
38.11 ton
43.8 ton

9.28 ton
18.65 ton
21.41 ton

Access roads, transmission lines, some major
construction
Wild boar, planthopper, caterpillar

Access road, transmission line, upstream puddle area,
main construction
Wild boar, planthopper, caterpillar

Bojongsalam Village = 5197 people
Sukaresmi Village = 8414 people

Bojongsalam Village = x < 5197 people < x
Sukaresmi Village = x < 8414 people < x

Equitability
Land area
Price of land

16.68 ha
500,000-1,500,000 IDR/m2

8.16 ha
(500.000-1,500,000 IDR/m2)<x

Sustainability

Moderate

Low

Productivity
Production value

Stability
Project pressure
Pest disorders
Total population
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Second, local knowledge of farmers who have been
derived from previous generations, is difficult to remove.
Despite management changes, basic knowledge of huma
management has not been replaced. For farmers with
limited land, subsistence material production or income is
important because their sustainability depends on them
(Reijntjes 1992). Farmers, in general, have investigated the
best options adapted to local circumstances and utilize
them well. In this way, harmonious agricultural systems
have evolved and survived from generation to generation.
Third, the ease of access to information and access
roads (transportation) causes changes to social and
economic in research sites. One of the changes is the
increasing relationship with the industrial community/city,
thus providing more money to buy industrial products. This
leads to a change in the mindset of the community
regarding the need for farming. The position of farming
becomes a commercial orientation and not just subsistence
anymore. Adaptation to increasing population pressure and
changes in economic conditions in many cases have led to
new practices such as the expansion of cultivation of plants
to vulnerable slopes and monocultures spurred by modern
varieties (Sanwal 1989).
One commercialization of commodities grown similar
to that in huma is the commodity of citronella.
Intensification of lemongrass has been widely planted in
the Hamlet of Langkop, Bojongsalam Village. Farmers
there have learned that citronella can provide higher
economic value than ngahuma. In fact, in the Langkop
Hamlet, there is a lemongrass distillery factory. Citronellacassava is grown in monoculture and farmers think the
maintenance process is easier than huma. According to
Reijntjes (1992), the decline of knowledge about local
agroecosystems and local farming techniques, strategies,
and local genetic resources, is due to the decline of
traditional practices and agriculture as a profession.
Fourth, the huma system supports ecological conditions
at the research site. High crop diversity tends to provide
high stability compared to monoculture cultivation. If
functional diversity can be achieved by combining
complementary and related species of plant species in
positive and synergetic interactions, it not only improved
stability, but also productivity of agricultural systems
(Reijntjes 1992).
The huma system at the current research site is mostly
done on steep slopes. If no proper agricultural and soil
management practices are done, serious soil erosion and
water resource degradation can occur when the highlands
are introduced into intensive agricultural production
(Soemarwoto 1980). Appropriate highland farming systems
must meet the following criteria: (i) Ecologically, the
system must protect the soil from erosion, and it must
provide sustainable yield without causing environmental
damage. (ii) Economically, it should increase the carrying
capacity of the ecosystem and must provide long-term
livelihood to the people. (iii) Psychologically and
politically, the society must be interrelated. Farmers
operate on traditional knowledge and personal experience.
The improved version of traditional farming systems has a

better adoption prospect than an entirely new planting
system (Valdes 1980; Christanty et al. 1986).
The persistence of the huma system at the study site to
date, indicates that the system provides various benefits felt
by society and the environment through local knowledge
through generations. The addition of inputs outside
production, such as the addition of artificial chemical
fertilizers and chemical pesticides, is the response of
farmers to maintain the huma system. The addition of input
is obtained based on incoming information and is a trial
and error in managing the system of huma in the hope of
continuing to the next generation.
It can be concluded that based on analysis of the
emergent properties of the Agroecosystem of huma
farming, productivity, stability, equitability, and
sustainability of the huma farming systems of Bojongsalam
and Sukaresmi Villages tends to be low for the near future
due to impact of the UCPS project.
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Abstract. Chettri A, Sharma K, Dewan S, Acharya BK. 2018. Bird diversity of tea plantations in Darjeeling Hills, Eastern Himalaya,
India. Biodiversitas 19: 1066-1073. The biodiversity wealth and conservation potential of agro-ecosystems including cash crop
plantations is gaining significance in recent years. Agro-forestry provides ecosystem services similar to forest and, hence, support a high
diversity of flora and fauna. This study was undertaken to explore the bird community in different tea gardens of Kurseong Hill,
Darjeeling, Eastern Himalaya, India. Darjeeling is globally known for its extent and magnificent tea production. We sampled birds using
point count methods along transects during August 2015-January 2016. A total of 581 individual birds comprising 48 species were
recorded during the study. Amongst the guild types, insectivorous birds were the most dominant both in terms of species and
abundances. Depending on their habitat preferences most of the birds were forest generalists followed by forest specialists. This study
highlights that tea plantations have a great potential in harbouring and conserving birds and other associated life forms. Thus, proper
management of these landscapes would be an effective strategy to conserve biodiversity of the Himalayas.
Keywords: Agroecosystems, birds, conservation, Himalaya, Kurseong, tea plantation

INTRODUCTION
Tropical landscapes are dominated by various land-use
systems including diverse production agroforestry systems
(Tscharntke et al. 2008). Among such systems, agroecosystems which are primarily meant for production of
crops, if managed organically, traditionally or maintained
with diverse shade trees can conserve significant amount of
wild biodiversity with unique community assemblages of
plants and animals (Mayfield et al. 2005; Mcneely and
Schroth 2006; Barlow et al. 2007; Harvey and Villalobos
2007; Vandermeer and Perfecto 2007; Lin et al. 2012;
Sreekar et al. 2013; Sharma and Vetaas 2015; Mellink et al.
2017). While most of the agro-ecosystems are managed
using traditional ecological knowledge, many are
substantially modified using recent technology to meet
food, fibre and other livelihood requirements of the everincreasing human population (Laurance et al. 2014).
Achieving conservation goals within such humandominated landscapes, however, requires detailed
understanding of the functioning of different agricultural
ecosystems, their appropriate management, and potentiality
of these systems to conserve flora and fauna (Flohre et al.
2011).
A number of studies have focused on biodiversity in
shaded agroforestry systems using birds as an indicator and
highlighted their importance in conserving the habitat of
various organism including birds (Thiollay 1995; Uezu et
al. 2008; Elsen et al. 2016). The impact of site-scale forest
disturbance on organisms depend on the extent of forest
cover within the surrounding landscape (Dahal et al. 2015)
because species commonly interact with the agro-

ecosystems even if their primary habitat is the natural
forests (Pimentel et al. 1992).
The tea plantation is one of the important agroecosystems and contributes largely to a country’s economy.
Since most tea plantations strictly follow monoculture
practices, biodiversity assemblages in such plantations are
poor compared to forest ecosystems (Lin et al. 2012;
Ahmed and Dey 2014) and other agroforestry ecosystems,
such as pine plantations (Soh et al. 2006), home gardens
(Yashmita-Ulman et al. 2016) but richer than Eucalyptus
plantation monocultures (Kottawa-Arachchi and Gamage
2015) and agrosiliviculture systems (Yashmita-Ulman et al.
2016). Among the tea plantations, shade tea cultivation (tea
cultivation with diverse shade trees) and surrounding forest
patches has a high capacity to maintain biodiversity within
itself (Lin et al. 2012; Sreekar et al. 2013; Ahmed and Dey
2014) than monoculture tea plantations (Soh et al. 2006) or
abandoned tea plantations (Subasinghe and Sumanapala
2014) because shade trees provide habitat for both forest
and open land birds and also acts as a buffer zone and
feeding ground for the frugivorous and insectivorous
species (Bhagwat et al. 2008; Sinu 2011). In some cases,
the bird diversity in the shade tea plantations is comparable
to the surrounding forest ecosystems (Ahmad and Yahya
2010; Sreekar et al. 2013). The natural windbreaks of
native tree in tea dominated landscapes of Western Ghats
enhanced bird diversity as they retain significant proportion
of the resident birds found in the forests (Sreekar et al.
2013). Some studies have even reported that tea plantations
are rich in birds including endemic, rare or IUCN Red List
threatened species (Sreekar et al. 2013; Kottawa-Arachchi
and Gamage 2015; Yashmita-Ulman et al. 2016). While
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these ecosystems form the important habitats for various
animal groups, exploration of biological wealth and
recognition of significance of such systems as habitat is not
given due consideration (Ahmed and Dey 2014).
The Eastern Himalayan region comprises diversity of
agro-forestry systems and is considered as important land
use practices (Sharma et al. 2007). Darjeeling is a northeastern district of West Bengal state in India and is one of
the largest producers of tea in the world. The world-famous
tea garden of Darjeeling hills represents one of the most
important landuse systems in the Eastern Himalaya with
mosaic of tea bushes, agricultural areas, and forest patches.
The history of tea plantation in Darjeeling dates back to
1841, and from 1971 onwards the process of organic
farming began by transforming tea plantation into an
integrated, sustainable ecosystem (Datta 2010). While few
studies have been undertaken to understand the
conservation potential and community structure of birds in
tea plantation in this region but are mostly explorative
(Ahmad and Yahya 2010; Ahmed and Dey 2014). Ahmad
and Yahya (2010) recorded a total of 130 species of birds
in six different habitat types of Kurseong Hill out of which
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48 species were encountered at the productive tea
plantation. The present study explored different tea
cultivation sites to understand the community structure,
guild composition and habitat specialization of birds within
the mosaic of agro-forestry systems covering four tea
gardens in Kurseong Hill located in Darjeeling District,
West Bengal, India-a globally significant but human
modified landscape in the Eastern Himalaya.
MATERIALS AND METHODS
Study area
This study was undertaken in the various tea gardens of
Kurseong Hill located in the Darjeeling District of West
Bengal State in India (Figure 1, Table 1). All the tea
gardens sampled in the present study are located in
Kurseong block which has an area of 342.6 km2, situated
within Kurseong sub-division of Darjeeling District. The
study sites were located at a distance of 1.5 to 3 km from
each other with extent of the gardens ranging from 34.5 to
610 ha (Table 1).

Figure 1. Map of the study area showing sampling sites in Kurseong Hill, Darjeeling, West Bengal, Eastern Himalaya, India

Table 1. Details of bird sampling sites located in Kurseong Hill, Darjeeling, Eastern Himalaya, India
Study site

Elevation (m)

Latitude

Longitude

Extent/area (ha)

Singell
Spring side
Naya Bazar
Naya Busty

1372
1406
1533
1598

260 53.383′N
260 53.963′N
260 52.443′N
260 52.430′N

880 16.496′E
880 17.141′E
880 16.755′E
880 17.936′E

610
144.184
170
34.5
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The tea plantations in Darjeeling hills is unique as it has
numerous important characteristic features of its own
(Datta 2010). Kurseong, the land of white orchid, is a small
hill station situated at an elevation of 1490 m above mean
sea level. The study was conducted in four tea estates in
Kurseong (Table.1). All the four tea gardens are
organically managed. The topography comprises moderate
slopes, with moderately permeable and reasonably welldrained soil. The plantation comprises tea shrubs (Camelia
sinensis var. sinensis) which reaches a height of about 0.51 m. Shade trees that occur along with tea bushes are
Schima wallichii, Cryptomeria japonica, Albizia procera,
Alnus nepalensis, Syzygium nervosum, Exbucklandia
populnea, Eurya japonica, Ficus religiosa, Ficus
benghalensis and mixed bamboo groves. The tea gardens
are characterized by several habitats such as home-garden,
forest patches, wetlands in the form of streams and open
grasslands making it ideal for variety of organism to thrive
within its vicinity (Ahmed and Dey 2014; Ahmad and
Yahya 2010). Six different habitat types (mixed bamboo,
riverine, tea plantation, dense forest, edge, and scrub) are
reported to be found in Makaibari tea estate of Kurseong
Hill (Ahmad and Yahya 2010). However, in the absence of
good forest patch in all the four different tea gardens in the
present study, we focused only on the tea plantations as a
study habitat.
Data collection
Variable width point count method along transect was
used for sampling birds (Bibby et al. 2000). Transects were
laid along tea plantations only. Point count method is an
effective census technique because the stationary observer
has a greater probability of detecting and hearing birds
even if the birds are inside the bushes. This method was
adopted keeping in view the hilly terrain and rough
topography of the study area (Acharya et al. 2011; Acharya
and Vijayan 2017). In each site mentioned in the study area
above, four transects were established, and within transect
five points were marked making a total of 20 points per
site. The points within transects were spaced 100 m apart in
order to avoid repetitive counting of same individuals
during sampling. Hence, a total of 80 points were laid for
the present study covering four study sites. In each point
observation of birds were made for 10 minutes recording
the number and identity of species seen or heard. Birds
were scanned with the help of a binocular and identified
using the standard field guide (Grimmett et al. 2011).
Sampling was conducted in the morning hours (06:0010:00 hrs) in clear sunny days during August 2015 to
January 2016. Bird counts were repeated three times in
each transect.
Data analysis
Various community parameters such as species
richness, abundance, species per point, abundance per point
and diversity indices were calculated for birds of the study
area. Species richness is the cumulative list of species
observed during the sampling. Similarly, abundance is the

total number of individuals counted during the sampling.
Shannon-Weiner index (H′) is calculated as H′ =-∑ pilnpi,
where pi is the proportion of individuals of the ith species in
the community and ln is the natural logarithm. Evenness
(E) is computed as E = H′/Hmax = H′/lnS where S is the
species richness. Species richness is the basic indicator
considered during implementation of conservation
measures, but there is a possibility of missing some species
during sampling resulting into underestimation of real
number of species present in the area or habitat. Hence,
different non-parametric richness estimators were
computed using the software EstimateS version 9.0.1
(Colwell 2014). Among the various non-parametric
estimators, we selected Chao1 because it detects rare
species and is widely used. To test whether the sampling
effort was enough to detect all the species that occur in the
study area species accumulation curve was produced, based
on the observed and non-parametric estimator Chao1, by
plotting the cumulative number of species detected against
the sampling effort.
Feeding guild and habitat specialization of the birds
were assigned according to their autecological traits
following Sreekar et al. (2013) and Grimmett et al. (2011).
We computed relative percentages of birds (both species
richness and abundance) in each category (feeding guild
and habitat specialization). Bird taxonomy follows Praveen
et al. (2018).
RESULTS AND DISCUSSION
Species richness, diversity, and abundance
During this study, a total of 581 individual birds
representing 48 species and 28 families were observed
from four study sites in the tea garden of Kurseong Hill,
Darjeeling, Eastern Himalaya (Table 2, Table S1).
Shannon-Weiner diversity for birds was 3.2. Species
richness per point was 3.3±1.1 and abundance per point
was 7.3±3.3. Similarly, Evenness was 0.83 indicating that
the species were fairly evenly distributed in the
community. The different bird community parameters
differed among the four tea gardens (Table 2). The
diversity and species richness of birds observed in the
present study are greater than (Soh et al. 2006; Lin et al.
2012; Sreekar et al. 2013; Subasinghe and Sumanapala
2014), comparable to (Ahmad and Yahya 2010; Ahmed
and Dey 2014) or lesser than (Kottawa-Arachchi et al.
2010; Yashmita-Ulman et al. 2016) studies undertaken in
tea plantations in India and elsewhere. Such differences
could be due to variation in climatic conditions, elevation,
area covered, shade trees, disturbance factors and
proximity to primary forest.
The species accumulation curve based on observed and
the non-parametric estimators of species richness almost
reached an asymptote indicating likelihood of encountering
few more species with increasing sampling effort (Figure
2).
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Table 2. Species richness, abundance, diversity, evenness and non-parametric species richness estimators of bird communities in the
four tea gardens of Kurseong Hill, Darjeeling, Eastern Himalaya, India
Community parameters
Species richness
Species per point (Mean±SD)
Abundance
Abundance per point (Mean±SD)
Shannon-Weiner index
Evenness
S (Est.) (mean±SD)
Chao 1 (mean±SD)

Singell
28
3.3±1.2
139
7.0±3.0
3.01
0.91
28±2.28
29.32±1.83

Study site (tea gardens)
Spring Side
Naya Bazar
29
28
3.4±1.1
3.05±1.05
159
131
7.7±4.0
6.5±2.7
2.89
2.89
0.86
0.86
29±3.73
28±3.14
37.11±8.22
30.55±2.79

Figure 2. The species accumulation curves based on observed and
estimated species of birds of tea garden of Kurseong Hill,
Darjeeling, Eastern Himalaya, India

The non-parametric estimators Chao1 predicted 50
species which was 95.05% of the observed species richness
(48 species). Out of the total 581 individual birds counted
during the sampling, the three most dominant species
(Olive-backed Pipit Anthus hodgsoni, Red-vented Bulbul
Pycnonotus cafer, and Grey Bushchat Saxicola ferreus)
contributed 34.6% of the total abundance.
Feeding guilds
The observed birds of the tea gardens were categorized
into six feeding guilds namely, insectivore, omnivore,
carnivore, frugivore, nectarivore and granivore. As
expected, the bird community was highly dominated by the
insectivores, both in terms of species richness (35 species;
72.92%) and abundance (88.81%) (Figure 3). The other
five feeding guilds were not well represented in the bird
community.
Habitat specialization
The birds observed in the present study belonged to
three groups according to their habitat specialization
namely, forest specialist, forest generalist, and open-land.
The forest generalist birds were the most dominant group
both in terms of species richness (33 species; 68.75%) and
abundance (62.13%) contributing about two-third to the
bird community. The second most dominant group was
forest specialist but contributed only about one-fifth to the
bird community (Figure 4).
Ahmad and Yahya (2010) recorded a total of 130
species of birds in six different habitat types (mixed

Naya Busty
21
3.1±0.8
152
2.8±3.4
2.61
0.85
21±2.17
21.28±0.67

Total
48
3.3±1.1
581
7.3±3.3
3.2
0.83
48±2.56
51.59±3.85

bamboo, riverine, tea plantation, dense forest, edge, and
scrub) of Kurseong Hill out of which 48 species were
found in the productive tea plantation. The bird species
richness observed in the present study was similar to the
species found in tea plantations (48 vs. 48 species), and
37% of the birds reported to occur in different habitat types
(48 vs. 130 species) of Kurseong Hill (Ahmad and Yahya
2010). During the present study, we observed 20 additional
bird species not recorded by Ahmad and Yahya (2010),
which makes up the total bird species of tea plantation of
Kurseong Hill to 68 and total bird species of different
habitats of Kurseong Hill to 150 species. Since tea
plantation is the most dominant land uses in Darjeeling, the
result indicates great potential of this agro-ecosystem in
supporting and conserving avifaunal diversity. The nonparametric estimators estimated 50 species that might occur
in the study area which is closer to the observation of
Ahmad and Yahya (2010) and the present study. High bird
diversity could be attributed to the presence of shade trees
along with tea bushes providing habitats for various
activities of birds. Studies have found strong correlation
between bird community and habitat diversity suggesting
the dependency of birds on the compositional complexity
of trees, shrubs and herbs in both forest ecosystems
(Acharya et al. 2011; Chettri et al. 2005; Chettri 2010;
MacArthur et al. 1966) and tea plantations (Sreekar et al.
2013; Yashmita-Ulman et al. 2016). The potential factors
affecting bird communities in tea plantation are patch size
(Yashmita-Ulman et al. 2016), tree species richness and
diversity (Sreekar et al. 2013; Yashmita-Ulman et al. 2016)
and arthropod abundance (Sinu 2011).
The bird community in the present study was highly
dominated by insectivores both in terms of species richness
and abundance. Higher dominance of insectivorous species
is a commonly observed phenomenon, both in tea
plantations (Ahmad and Yahya 2010; Kottawa-Arachchi et
al 2010; Sreekar et al. 2013; Ahmed and Dey 2014;
Yashmita-Ulman et al. 2016) and other human-modified
and forest ecosystems (Chettri et al. 2005; Chettri 2010;
Bhatt and Joshi 2011; Sreekar et al. 2013). The present
study system represents organic farming in which use of
chemical fertilizers is prohibited, and insect abundances
could be high favoring the occurrences of more number of
insectivorous birds. These birds might play crucial role as a
biocontrol agent in organically managed tea gardens and
other farming ecosystems (Sinu 2011).
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Figure 3. Proportion of birds according to their feeding guild observed in tea gardens of Kurseong Hill, Darjeeling, Eastern Himalaya,
India

Figure 4. Proportion of birds according to their habitat specialization (forest specialist, forest generalist, and open-land) observed in tea
gardens of Kurseong Hill, Darjeeling, Eastern Himalaya, India

The tea plantation in India has been reported to harbor
and get infested by more than 300 species of phytophagous
insects and mites (Hazarika et al. 2009). The high load of
pest in the tea plantations are generally controlled by
widespread and regular use of pesticides. The bio-control
of this wide range of insect pests has been proposed
through arthropod natural enemies namely, predators and
parasitoids (Das et al. 2010) and also by insectivorous birds
(Sinu 2011). High diversity of arthropod natural enemies
(94 species of predators and 33 species of parasitoids) has
been reported in sub-Himalayan tea plantations of North
Bengal (Das et al. 2010). Sinu (2011) reported the biocontrol role played by birds in tea plantations of Northeast
India against the invasive geometrid looper caterpillars
(Hyposidra spp.) and lymantriid hairy caterpillar (Arctornis

submarginata). These caterpillars caused large-scale
defoliation of tea leaves but had no resident insect predator
for any of their life stage.
In the present study, forest generalist birds were the
most dominant group both in terms of species richness and
abundance contributing about two-third of the bird
community. In Argentina, most of the productive
landscapes were dominated by forest generalists while the
forest specialists were mostly confined to rain forests
(Mastrangelo and Gavin 2014). Old-growth forest cover
showed the strongest association with the diversity of forest
specialist species in fragmented Lacandona rain forest
(Carrara et al. 2015). Low occurrence of forest specialists
in the tea gardens might be because of its vulnerability to
changing landscapes. Traditional agro-forests, with a
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mixture of cultivated and natural shade trees, can support a
high number of species including many forest birds,
especially in areas that are close proximity to natural
forests (Greenberg 1981). Forest specialist bird species are
also reported to use agro-ecosystems for different activities
(Pimentel et al. 1992). Hence, shade tea plantations and
other human-modified ecosystems such as home gardens,
agrisilviculture, etc. may act as corridors between forest
patches that occur in the proximity of such fragmented
landscapes (Kottawa-Arachchi et al. 2010; Sreekar et al.
2013).
Conservation implications
We recorded 48 bird species from our study in tea
plantations of Kurseong in Darjeeling hills, Eastern
Himalaya. This short-term study highlighted that the
organically managed tea plantations have great potential in
harboring and conserving bird diversity. We did not record
any endemic, or IUCN Red List threatened species in the
present study. However, four species observed in the
present study are listed in CITES Appendix II (Asian
Barred owlet Glaucidium cuculoides, Common Kestrel
Falco tinnunculus, Eurasian Sparrowhawk Accipiter nisus,
Red-billed Leiothrix Leiothrix lutea) (CITES 2018). Eleven
species can be considered as rare because five species were
represented by two individuals and six species had single
individuals. Presence of shade trees in tea gardens is of
great importance as they improve connectivity with the
forests and ensure suitable habitat for birds and other wild
animals. Hence, the future of the Himalayan biodiversity
depends more on the effective management of humanmodified landscapes presenting a daunting challenge to the
conservation practitioners and land-use managers in order
to conserve avian and other floral and faunal diversity of
this region. Being organically managed (in the absence of
pest control by insecticides and pesticides) the role of
natural pest predators and parasitoids in addition to
insectivorous birds in control of tea pests becomes crucial.
Therefore, a long-term extensive study covering different
tea estates is necessary to understand the biodiversity
conservation potential of tea plantations in the region. The
roles of birds as a bio-control agent of tea pests must be
addressed through long-term extensive study covering
different tea estates and natural ecosystems.
ACKNOWLEDGEMENTS
This paper is an outcome of the M.Sc. thesis of the first
author. We thank Vice Chancellor, Dean (School of Life
Sciences) and Head (Department of Zoology) of the Sikkim
University (SU), India for providing facilities to undertake
this research. We also thank all the faculty members of
Zoology Department, SU for various support and
cooperation. The support of local community of tea
gardens of Kurseong Hill, while undertaking fieldwork, is
highly appreciated. KS was supported by Junior Research
Fellowship from University Grants Commission, New
Delhi during the manuscript preparation.

1071

REFERENCES
Acharya BK, Sanders N, Chettri B, Vijayan L. 2011. Elevational gradients
in bird diversity in the Eastern Himalaya: an evaluation of
distribution patterns and their underlying mechanisms. PLoS One 6:
e29097. DOI: 10.1371/journal.pone.0029097.
Acharya BK, Vijayan L. 2017. Vertical stratification of birds in different
vegetation types along the elevation gradient in the Eastern Himalaya,
India. Ornithological Science 16 (2): 131-140.
Ahmad K, Yahya HAS. 2010. Winter diversity of birds in Makaibari Tea
Estate, Kurseong, Darjeeling, India. Indian Forester 139 (10): 69-87
Ahmed A, Dey M. 2014. A checklist of winter birds community in
different habitat types of Rosekandy tea estate of Assam, India. J
Threat Taxa 6 (2): 5478-5484.
Barlow J, Mestre LAM, Gardner TA, Peres CA. 2007. The value of
primary, secondary and plantation forests for Amazonian birds. Biol
Conserv 136 (2): 212-231.
Bhagwat SA, Willis KJ, Birks HJB, Whittaker RJ. 2008. Agroforestry: a
refuge for tropical biodiversity? Trends Ecol Evol 23 (5): 261-267.
Bhatt D, Joshi KK. 2011. Bird assemblages in natural and urbanized
habitats along elevational gradient in Nainital district (western
Himalaya) of Uttarakhand state, India. Curr Zool 57 (3): 318-329.
Bibby CJ, Burgess ND, Hill DA, Mustoe SH. 2000. Bird Census
Technique. Academic Press, London.
Carrara E, Arroyo-Rodriguez V, Vega-Riviera JH, Schondube JE, de
Freitas SM, Fahrig L. 2015. Impact of landscape composition and
configuration on forest specialist and generalist bird species in the
fragmented Lacandona rainforest, Mexico. Biol Conserv 184: 117126.
Chettri N, Deb DC, Sharma E, Jackson R. 2005. Relationship between
bird communities and habitat: A study along a trekking corridor in
the Sikkim Himalayas. Mountain Res Dev 25 (3): 235-243.
Chettri N. 2010. Cross-taxon congruence in a trekking corridor of Sikkim
Himalayas: surrogate analysis for conservation planning. J Nature
Conserv 18: 75-88.
CITES. 2018. Checklist of CITES Species. http: //checklist.cites.org/#/en./
[7 May 2018].
Colwell RK. 2014. Estimate S (version 9.1.0). Available at:
http;//purl.oclc.org/estimates/ Accessed on 15 April 2015.
Dahal BR, McAlpine CA, Maron M. 2015. Impacts of extractive forest
uses on bird assemblages vary with landscape context in lowland
Nepal. Biol Conserv 186: 167-175.
Das S, Roy S, Mukhopadhyay A. 2010. Diversity of arthropod natural
enemies in the tea plantations of North Bengal with emphasis on their
association with tea pests. Curr Sci 99 (10): 1457-1463.
Datta TK. 2010. Darjeeling Tea in India. In: Lecoent A, Vandecandelaere
E, Cadilhol JJ (eds.) Quality linked to the geographical origin and
geographical indications: lessons learned from six case studies in
Asia, RAP Publication 2010/04. Food and Agriculture Organization
of the United Nations Regional Office for Asia and the Pacific,
Bangkok.
Elsen PR, Kalyanaraman R, Ramesh K, Wilcove DS. 2016. The
importance of agricultural lands for Himalayan birds in winter.
Conserv Biol 31 (2): 416-426.
Flohre A, Fischer C, Aavik T, Bengtsson J, Berendse F, Bommarco R,
Ceryngier P, Clement LW, Dennis C, Eggers S, Emmerson M, Geiger
F, Guerrero I, Hawro V, Inchausti P, Liira J, Morales MB, Onate JJ,
Part T, Weisser WW, Winqvist C, Thies C, Tscharntke T. 2011.
Agricultural intensification and biodiversity partitioning in European
landscapes comparing plants, carabids and birds. Ecol Appl 21 (5):
1772-1781.
Greenberg R. 1981. The abundance and seasonality of forest canopy birds
on Barro Colorado Island, Panama. Biotropica 13 (4): 241-251.
Grimmett R, Inskipp C, Inskipp T. 2011. Birds of the Indian Subcontinent.
Helm field Guides, Second Edition, Oxford University Press.
Harvey CA, Villalobos JAG. 2007. Agroforestry systems conserve
species-rich but modified assemblages of tropical birds and bats.
Biodiv Conserv 16 (8): 2257-2292.
Hazarika LK, Bhuyan M, Hazarika BN. 2009. Insect pest of tea and their
management. Ann Rev Entomol 54: 267-284.
Kottawa-Arachchi JD, Gamage RN. 2015. Avifaunal diversity and bird
community responses to man-made habitats in St. Coombs Tea
Estate, Sri Lanka. J Threat Taxa 7 (2): 6878-6890.
Laurance WF, Sayer J, Cassman KG. 2014. Agricultural expansion and its
impacts on tropical nature. Trends Ecol Evol 29 (2): 107-116.

1072

B I O DI VE RS I T A S 19 (3): 1066-1073, May 2018

Lin N, Nam TT, Perera J. 2012. Response of birds to different
management types of tea cultivation in a forest-agriculture landscape.
In: Harrison R, Shi LL, Liu JX (eds.) Proceedings of the Advanced
Field Course in Ecology and Conservation-XTBG 2012.
MacArthur RH, Recher H, Cody ML. 1966. On the relation between
habitat selection and species diversity. Amer Nat 100: 319-332.
Mastrangelo ME, Gavin MC. 2014. Impacts of agriculture intensification
on avian richness at multiple scales in Dry Chaco forests. Biol
Conserv 179: 63-71.
Mayfield MM, Boni, MF, Daily GC, Ackerly D. 2005. Species and
functional diversity of native and human-dominated plant
communities. Ecology 86 (9): 2365-2372.
McNeely JA, Schroth G. 2006. Agroforestry and biodiversity
conservation-Traditional practices, present dynamics and lessons for
the future. Biodiv Conserv 15 (2): 549-554.
Mellink E, Riojas-López ME, Cárdenas-García M. 2017. Biodiversity
conservation in an anthropized landscape: Trees, not patch size drive,
bird community composition in a low-input agro-ecosystem. PLoS
One 12 (7): e0179438. DOI: 10.1371/journal.pone.0179438
Pimentel D, Stachow U, Takacs DA, Brubaker HW, Dumas AR, Meaney
JJ, O'Niel JAS, Onsi DE, Corxilius DB. 1992. Conserving biological
diversity, agricultural/forestry systems: most biological diversity
exists in human-managed ecosystems. Bioscience 42 (5): 354-362.
Praveen J, Jayapal R, Pittie A. 2018. Checklist of the birds of India (v2.1).
http://www.indianbirds.in/india/ Accessed on 7 May 2018.
Sharma LN, Vetaas OR. 2015. Does agro-forestry conserve trees? A
comparison of tree species diversity between farmland and forest in
mid-hills of central Himalaya. Biodiv Conserv 24 (8): 2047-2061.

Sharma R, Xu J, Sharma G. 2007. Traditional agroforestry in the Eastern
Himalayan region: Land management system supporting ecosystem
services. Trop Ecol 48 (2): 189-200.
Sinu PA. 2011. Avian pest control in tea plantations of sub-Himalayan
plains of Northeast India: Mixed-species foraging flock matters. Biol
Control 58 (3): 362-366.
Soh MCK, Sodhi NS, Lim SLH. 2006. High sensitivity of montane bird
communities to habitat disturbance in Peninsular Malaysia. Biol
Conserv 129 (2): 149-166.
Sreekar R, Mohan A, Das S, Agarwal P, Vivek R. 2013. Natural
windbreaks sustain bird diversity in a tea-dominated landscape. PLoS
One 8: e70379. DOI: 10.1371/journal.pone.0070379
Subasinghe K, Sumanapala AP. 2014. Biological and functional diversity
of bird communities in natural and human modified habitats in
Northern Flank of Knuckles Mountain Forest Range, Sri Lanka.
Biodiversitas 15 (2): 200-205.
Thiollay JM. 1995. The role of traditional agroforests in the conservation
of rain forest bird diversity in Sumatra. Conserv Biol 9 (2): 335-353.
Tscharntke T, Sekercioglu CH, Dietsch TV, Sodhi NS, Hoen P, Tylianakis
JM. 2008. Landscape constraints on functional diversity of birds and
insects in tropical agroecosystems. Ecology 89 (4): 944-951.
Uezu A, Beyer DD, Metzger JP. 2008. Can agroforest woodlots work as
stepping stones for birds in the Atlantic forest region? Biodiv Conserv
17 (8): 1907-1922.
Vandermeer J, Perfecto I. 2007. The Agricultural matrix and a future
paradigm for conservation. Conserv Biol 21 (1): 271-277.
Yashmita-Ulman, Sharma M, Kumar A. 2016. Agroforestry Systems as
Habitat for Avian Species: Assessing its role in conservation. Proc
Zool Soc. DOI: 10.1007/s12595-016-0198-3.

CHETTRI et al. – Birds of tea plantations in Eastern Himalaya

1073

Table S1. Bird species recorded during the present study in tea gardens of Kurseong Hill, Darjeeling, Eastern Himalaya, India
Common name

Scientific name

1

Feeding
guild
I
I
I
I
I
I
I
I
I
F
I
I
G
I
O
I
G
I
I
I
N
I
I
I
I
I
I
C
I
I
I
I
F
O
I
I
I
I
O
G
I
I
C
O
C
I
I
I

3

2

Habitat
guild
OL
FG
FG
FG
FS
FG
FG
FS
FG
FS
OL
FG
OL
FS
FG
OL
FG
FG
FG
FG
FG
FS
FS
FG
FG
FG
FS
FG
FG
FG
FG
FG
FS
OL
FG
FG
FG
FG
FG
FG
FG
FG
FS
FS
FG
FG
FG
FG

A
20
27
8
6
20
7
10
5
5
5
2

Study sites
B
C
18
20
19
13
29
7
14
4
8
9
12
2
4
9
5
2
10
2
6
10
5
7
11
0
3
2
8
2
1
2
3
5
1
3
2
2
2
1

D
18
6
16
19
3
7
5
12
2
2
2
1

Total

Olive-backed Pipit
Anthus hodgsoni
76
Red-vented Bulbul
Pycnonotus cafer
65
Grey Bushchat
Saxicola ferreus
60
Green-backed Tit
Parus monticolus
43
Aberrant Bush Warbler#
Horornis flavolivaceus
40
Blue Whistling Thrush
Myophonus caeruleus
28
Blue-fronted Redstart#
Phoenicurus frontalis
28
Ashy Drongo
Dicrurus leucophaeus
22
Long-tailed Shrike#
Lanius schach
19
Great Barbet
Psilopogon virens
15
Barn Swallow#
Hirundo rustica
14
Red-billed Leiothrix*
Leiothrix lutea
13
Eurasian Tree Sparrow
Passer montanus
11
Black Bulbul
Hypsipetes leucocephalus
6
3
9
House Crow#
Corvus splendens
3
8
Rufous-breasted Accentor#
Prunella strophiata
8
Oriental Turtle Dove#
Streptopelia orientalis
3
1
7
White-browed Scimitar Babbler
Pomatorhinus schisticeps
5
7
Chestnut-crowned Laughingthrush#
Trochalopteron erythrocephalum
3
6
Cinereous Tit
Parus cinereus
1
6
Green-tailed Sunbird
Aethopyga nipalensis
2
6
Grey-crowned Warbler#
Seicercus tephrocephalus
2
6
Grey Treepie
Dendrocitta formosae
4
6
Rusty-cheeked Scimitar Babbler#
Erythrogenys erythrogenys
3
2
6
Slaty-backed Forktail
Enicurus schistaceus
3
3
6
Verditer Flycatcher#
Eumyias thalassinus
2
4
6
Black-throated Tit
Aegithalos concinnus
5
5
Common Kestrel*
Falco tinnunculus
3
2
5
Scarlet Minivet
Pericrocotus flammeus
3
2
5
Streaked Laughingthrush#
Trochalopteron lineatum
5
5
White-capped Water Redstart
Phoenicurus leucocephalus
2
3
5
Chestnut-bellied Nuthatch
Sitta cinnamoventris
4
4
Blue-throated Barbet
Psilopogon asiaticus
3
3
Common Myna
Acridotheres tristis
3
3
Siberian Stonechat#
Saxicola maurus
1
2
3
Red-tailed Minla
Minla ignotincta
3
3
Rufous-necked Laughingthrush
Garrulax ruficollis
3
3
Himalayan Bulbul
Pycnonotus leucogenis
1
1
2
Large-billed Crow
Corvus macrorhynchos
2
2
Spotted Dove#
Streptopelia chinensis
1
1
2
Whiskered Yuhina#
Yuhina flavicollis
2
2
White-throated Fantail
Rhipidura albicollis
1
1
2
Asian Barred Owlet*#
Glaucidium cuculoides
1
1
Common Green Magpie
Cissa chinensis
1
1
Eurasian Sparrowhawk*#
Accipiter nisus
1
1
Hill Prinia#
Prinia superciliaris
1
1
Himalayan Bush Robin#
Tarsiger rufilatus
1
1
Rusty-flanked Treecreeper#
Certhia nipalensis
1
1
Total
159 152 139 131
581
Note:
1
Feeding guild: Carnivore (C), Frugivore (F), Granivore (G), Nectarivore (N), Omnivore (O), Insectivore (I)
2
Habitat specialization: Forest Specialist (FS), Forest Generalist (FG), Openland (OL)
3
Study sites: Spring Side (A), Naya Busty (B), Singell (C), Naya Bazar (D). Numbers represents number of individuals recorded during
the present study.
*Species listed in CITES Appendix II (CITES 2018). #New record of bird species for Tea plantations of Kurseong Hill.
Bird taxonomy follows Praveen et al. (2018).
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Abstract. Harnelly E, Thomy Z, Fathiya N. 2018. Phylogenetic analysis of Dipterocarpaceae in Ketambe Research Station, Gunung
Leuser National Park (Sumatra, Indonesia) based on rbcL and matK genes. Biodiversitas 19: 1074-1080. Gunung Leuser National Park
has several Research Stations. Ketambe is one of the Research Stations which is located in Aceh Tenggara district, Aceh province. One
of the timber plants family which is abundant in Leuser Mountain is Dipterocarpaceae. However, the data of species and relationship of
Dipterocarpaceae in Ketambe Research Station is lack and not available. The aim of the study is to analyze the phylogenetic of
Dipterocarpaceae based on rbcL and matK gene in Ketambe Research Station. This research was carried out from July 2015 to August
2016 in Ketambe Research Station and Forestry and Forest Genetics Laboratory of Molecular, Bogor Agricultural University. The
method used quadrat sampling technique with purposive sampling and experimental laboratory consisting of DNA extraction, PCR,
electrophoresis, and sequencing. The data analysis was done using BioEdit and MEGA6. The results showed that based on
morphological identification, there were five Dipterocarpaceae species found namely; Parashorea lucida, Shorea parvifolia, Shorea
lepidota, Shorea johorensis, and Hopea dryobalanoides. The phylogenetic tree based on rbcL gene showed that there were two
monophyletic groups, the first group was S. johorensis, S. lepidota, and H. dryobalanoides; and the second group consisted of S.
parvifolia and P. lucida. The phylogenetic tree reconstruction based on matK gene showed that Shorea parvifolia and S. johorensis were
separated in two different monophyletic groups.
Keywords: Dipterocarpaceae, Ketambe Research Station, matK gene, rbcL gene

INTRODUCTION
Ketambe Research Station is one of Research Stations
in Gunung Leuser National Park in northern Sumatra,
Indonesia with an area of 450 ha. Administratively, it
locates in Aceh Tenggara District. According to Rijksen
(1978), Ketambe Research Station is a lowland rainforest
which has a complete stratification and rarely dominated by
one plant species so that it creates a diverse and complex
ecosystem. This forest consists of 332 trees species from
179 genera and 68 families.
Based on data from Bappenas (1993), one of the plants
in Gunung Leuser National Park is Dipterocarpaceae
family. Dipterocarpaceae is a pantropical plant widely used
in the field of timber and commercially valuable.
According to Alrasyid et al. (1991), the most
Dipterocarpaceae exist in wet climates, high humidity, and
grow at an altitude of 0-800 meters above sea level with
rainfall 2,000 mm/year.
Dipterocarpaceae belong to the most important plant
species in the tropical rainforest, both ecologically and
economically. Ecologically, Dipterocarpaceae is a key
element of various lowland forests. This family is generally
large trees which reach the top of the canopy and emergent
trees (Newman, et al. 1999). Currently, the dipterocarps
predominate in the international tropical timber market,
because it has the best wood quality. In addition, the non-

timber products of dipterocarp are used by some wildlife in
the forest for their survival (Panayotou and Ashton 1992).
Data of relationship Dipterocarpaceae species in
Ketambe Research Station is not available. Phylogenetic
analysis is one of the most commonly used methods in
systematic to understand the diversity of living things
through reconstruction of relationship. Along with the rapid
advancement of molecular biology, data of DNA have been
used in many phylogenetic studies to get more accurate
information (Hidayat and Pancoro 2008).
The basic idea of DNA sequences utilization in
phylogenetic studies is that occur change of nucleotide base
over time. Therefore, it can be estimated the rate of
evolution and reconstructed evolutionary relationships
between one group of organisms with another. The purpose
of phylogenetic is to construct the relationships between
organisms and to estimate the differences that occur from
one ancestor to the offspring (Dharmayanti 2011).
One source of DNA characters for phylogenetic
analysis is the gene from the chloroplast genome (cpDNA),
rbcL and matK genes. The rbcL gene is a gene encoding a
large subunit of ribulose 1.5 bisphosphate carboxylase
(Rubisco or RuBPCase) which is important for
photosynthesis. The sequence of rbcL gene data is
extensively used in the reconstruction of the whole seed
plants phylogeny because it has a fairly conservative level
of evolution (Doebley et al. 1990). While the matK gene is
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a gene encoding the maturase enzyme subunit K. The
length of matK gene region can produce approximately
1500 bp (base pair). The matK gene is used in many
phylogenetic studies because the accuracy is more specific
at the species level. In plant systematics, matK appears as a
valuable gene because it has a high phylogenetic signal
than another gene (Muller et al. 2006).
Data collection on the diversity of plant species is
important for research and practical purposes in the future
as well as to offset the loss rate of biodiversity. Therefore,
further research is needed to get accurate data diversity of
Dipterocarpaceae in Ketambe Research Station.
MATERIALS AND METHODS
Study area
The research was conducted in Ketambe Research
Station, Gunung Leuser National Park, Aceh Tenggara,
Aceh Province, Indonesia (Figure 1) and Forestry and
Forest Genetic Laboratory of Molecular, Bogor
Agricultural University, West Java, Indonesia. The
research was carried out from July 2015 to August 2016.
Samples collection
Samples of Dipterocarpaceae were collected from
Ketambe Research Station, Gunung Leuser National Park,
Aceh Tenggara (Figure 1). Samples were collected using

1075

Quadrat Sampling Technique. Intake of vegetation data by
sampling plot was done by purposive sampling. There were
25 plots, with the area of each plot 20 m x 20 m (Indriyanto
2006). The total area of the plots was 1 ha (10.000 m2).
Samples consisted of leaves from sampling stage, pole
stage, or tree of Dipterocarpaceae.
Three individuals per species were collected represent
Ketambe Research Station location. The three individual
samples had the same ID number, and they were numbered
individually. Three sets of specimen leaves were collected
from each individual sample: (i) two sets of leaves for the
herbarium (leaves must have important taxonomic
characters such as leaf tip, leaf surface, stipule, ptiole/leaf
stalk). Specimens for herbarium were put on paper sheets
and moistened with 70% alcohol. The specimens were
dried and glued on herbarium paper pairs. Specimens were
labeled information such as ID numbers, collector name,
collection date, and taxonomy. Identification of samples
was conducted using Dipterocarpaceae identification book;
and (ii) a set of leaves for DNA extraction (soft, fresh, and
young leaf tissue). Specimen for DNA extraction: leaf
sheets were cleaned with the dry cloth. Specimens were
placed into an existing sac containing another sac filled
with silica gel (ratio of silica gel 5-10: 1). The ID number
of the specimens were written on the outside of the bag
using a permanent marker. All packets/bags of the
specimen were stored in containers.

Figure 1. Map of research sites in Ketambe Research Station, Gunung Leuser National Park, Aceh Tenggara, Indonesia
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Table 1. Primer data in this study
DNA region

Primer

rbcL

rbcL F
rbcL R
matK 472F matK1248R

matK

Sequence (5’---- 3’)
ATGTCACCACAAACAGAGACTAAA
GTAAAATCAAGTCCACCRCG
CCCRTYCATCTGGAAATCTTGGTTC
GCTRTRATAATGAGAAAGATTTCTG

Molecular analysis
DNA extraction
DNA extraction was carried out using Cetyltrimethyl
Ammonium Bromide (CTAB) method developed by Doyle
and Doyle (1987). Young leave of 200 mg was grinded in a
mortar with liquid nitrogen. The leaf powder was put into
two mL tubes, 500 extraction buffer solutions and 100 μL
polyvinylpyrrolidone (PVP) solution were added. The
mixture was vortex and then incubated in a water heater
(water bath) for 60 minutes at a temperature of 65ºC and
every 15 minutes once reversed. After cooling to room
temperature for 15 minutes, the mixture was added with
500 μL chloroform-isoamyl alcohol (24: 1) and centrifuged
for 10 minutes at 10,000 rpm. The upper layer (water
phase/supernatant) was separated from the organic phase
by using the micropipette into the new tube. Chloroformisoamyl alcohol was added twice. The Supernatant was
added with 500 μL cold isopropanol and NaCl of 300 μL.
Samples were incubated overnight in the freezer. The
precipitation result was centrifuged at 10,000 rpm for 10
minutes. The DNA pellet was washed twice using 96%
ethanol of 300 μLand dried in a desiccator for 15 minutes.
The dried DNA was added with 50 μL TE buffer (5 M
Tris-HCl pH 8.0; 0.5 M EDTA pH 8.0). The DNA then
was flicked and centrifuged at 10,000 rpm for 2 minutes.
DNA was stored at -20ºC in the freezer.
Polymerase Chain Reaction (PCR)
The final conditions of each PCR reaction were 16 μL
consisted of 8 μL Green GoTaq DNA polymerase, 2 μL
Nuclease-Free Water, 2 μL primer (forward), 2 μL primer
(reverse), and 2 μL diluted DNA (1 μL pure DNA: 99 μL
aquabides). The primers were rbcL and matK (Table 1).
The temperature setting of the thermocycler was begun
with the initial denaturation at 95°C for 4 minutes and then
proceeds in 35 cycles with denaturation at 94°C for 30
seconds, annealing at 58ºC (for rbcL) and temperature 56 º
C (for matK) for 1 minute, extension at 72ºC for 1 minute
and rest at 4ºC (Kristina et al. 2007).
Gel electrophoresis
The result of PCR (DNA) was visualized by 1%
agarose gel electrophoresis. Gel electrophoresis procedure
consists of making agarose gel, sample loading into the gel,
running electrophoresis, and observation of electrophoresis
running with UV transilluminator. In the process of making
1% agarose, 0.66 grams agarose was weighed and mixed
with 33 mL TAE 1x (for mold 17-25 wells) in an
Erlenmeyer. The mixture was put into the microwave and
boiled for 2 minutes. The agarose gel was dyed with 1 μL

Reference
Kress and Erickson (2007)
Kress and Erickson (2007)
Yu et al. (2011)
Yu et al. (2011)

gel red dye and poured into an electrophoresis mold. The
hardened gel was inserted into electrophoresis chamber and
added with TAE running buffer. The DNA samples and
DNA ladder were separately mixed with loading buffer (6
μL + 2 μL). Mixing was done on the parafilm, and each
mixture was put into well. Gel electrophoresis was done by
using electric current with 100-volt voltage for 45 minutes.
For the electrophoresis of PCR products (amplicons), 3 μL
of 1 kb DNA ladder was placed at the first well hole, and 3
μL of the amplicons were added into the next wells. The
process of running electrophoresis was 30 minutes with a
voltage of 100 volts. The DNA profiles were observed
using UV transilluminator.
Sequencing
The nucleotide sequence of the amplicon was identified
using the Sanger method carried out by 1st BASE
Sequencing INT in Malaysia. The sequencing process was
done twice with different directions (forward and reverse).
The sequencing data were used for the construction of
phylogenetic trees.
Data analysis
The result of sequencing was analyzed with the
following stages: (i) Sequence alignment using Bioedit
program (Hall 1999), (ii) The result of sequence alignment
was used to develop phylogenetic tree by Neighbor-Joining
(NJ) method with MEGA (Molecular Evolutionary
Genetics Analysis) version 6 (Tamura et al. 2011), (iii) The
reliable test of the tree was done by the bootstrap method
1000 times.
RESULTS AND DISCUSSION
DNA extraction
DNA extraction is a method of separating DNA from
other cell components. The extraction of DNA
Dipterocarpaceae was performed to obtain DNA from the
genome total of Dipterocarpaceae which were used as
DNA template for PCR amplification process. The DNA
extraction used CTAB buffer solution as cell wall
degradation because it has advantages instead of other
methods, i.e., it is easy to do, the possibility of DNA
degrading enzymes is smaller than other methods, and can
produce a large quantity of DNA (Demeke et al. 2009). The
quality of genomic DNA was observed from the purity of
the extraction result using agarose gel electrophoresis
(Figure 2).
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Figure 2. The results of DNA extraction of 15 Dipterocarpaceae
samples. M = Marker 1 kb DNA Ladder, 1 = Parashorea lucida
1, 2 = Parashorea lucida 2, 3 = Parashorea lucida 3, 4 = Shorea
johorensis 1, 5 = Shorea johorensis 2, 6 = Shorea johorensis 3, 7
= Shorea lepidota 1, 8 = Shorea lepidota 2, 9 = Shorea lepidota 3,
10= Shorea parvifolia 1, 11= Shorea parvifolia 2, 12= Shorea
parvifolia 3, 13 = Hopea dryobalanoides 1, 14 = Hopea
dryobalanoides 2, 15 = Hopea dryobalanoides 3

Based on the visualization of electrophoresis results
(Figure 2), there were DNA bands of the fifteen DNA
samples. The DNA bands on samples 1, 2, 3, 4, 5, and 6
look quite thick than other samples. The thinness of the
DNA band indicates the low of DNA concentration. This is
due to that incomplete lysis in DNA extraction process, or
some supernatant containing DNA genomic was wasted
(Restu et al. 2012). In addition, all DNA bands were smear,
showing the poor DNA quality. This might be due to the
incomplete lysis process like the absence of RNase A and
proteinase K. The addition of RNase A in purification and
proteinase K after incubation resulted in the lower smear
intensity of the DNA (Utami 2012). According to Tiwari et
al. (2012), the CTAB extraction method could be modified, by
adding more concentrations of NaCl, Ethylene Diamine
Tetra Acetic acid (EDTA), and mercaptoethanol to enhance
the CTAB extraction and purification activity. Additional
quantities of NaCl and mercaptoethanol enhanced the DNA
extraction and proteins degradation respectively, while an
increased concentration of EDTA protected DNA. They
also increased the water bathing time and temperature for
effective extraction.
Amplification of the rbcL and matK genes
Amplification of the rbcL and matK genes was
performed to multiply DNA sequence from DNA genome
of Dipterocarpaceae by targeting the rbcL and matK genes.
The amplification stage consists of 35 PCR cycles with
amplification products 2n (n = 35) DNA strands. The result
of electrophoresis is presented in Figure 3 and Figure 4.
The DNA bands of the 15 samples were between the 500750bp (base pair) (Figure 3). All of the samples showed the
good quality with thick DNA bands indicating that the
processes of rbcL gene amplification of 15 samples were
successfully done. According to Kress and Erickson
(2007), a pair of primer is a universal primer for
recognizing regions in the rbcL gene of Angiospermae
plant and this primer show a high level of universality in
land plants.

M 1 2 3 4

5

6

7

8
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Figure 3. Electrophoresis of rbcL gene amplification. M =
Marker 1 kb DNA Ladder, 1 = Parashorea lucida 1, 2 =
Parashorea lucida 2, 3 = Parashorea lucida 3, 4 = Shorea
johorensis 1, 5 = Shorea johorensis 2, 6 = Shorea johorensis 3, 7
= Shorea lepidota 1, 8 = Shorea lepidota 2, 9 = Shorea lepidota 3,
10= Shorea parvifolia 1, 11= Shorea parvifolia 2, 12= Shorea
parvifolia 3, 13 = Hopea dryobalanoides 1, 14 = Hopea
dryobalanoides 2, 15 = Hopea dryobalanoides 3

M 1 2

3

4

5

6

7

8

9 10 11 12 13 14 15

Figure 4. Electrophoresis of matK gene amplification. M =
Marker 1 kb DNA Ladder, 1 = Parashorea lucida 1, 2 =
Parashorea lucida 2, 3 = Parashorea lucida 3, 4 = Shorea
johorensis 1, 5 = Shorea johorensis 2, 6 = Shorea johorensis 3, 7
= Shorea lepidota 1, 8 = Shorea lepidota 2, 9 = Shorea lepidota 3,
10= Shorea parvifolia 1, 11= Shorea parvifolia 2, 12= Shorea
parvifolia 3, 13 = Hopea dryobalanoides 1, 14 = Hopea
dryobalanoides 2, 15 = Hopea dryobalanoides 3

Amplification of the matK gene showed that from the
total of 15 samples, only 8 samples exhibited the existence
of DNA bands, i.e., samples 3, 4, 5, 6, 9, 10, 11, and 12
(Figure 4). It might be due to the low amplification and
sequencing rate of the matK sequence affecting the PCR
amplification results (Yu et al. 2011). In addition, the
universality of matK primers was reported to be low in
some studies (Sass et al. 2007; Fazekas et al. 2008; Ford et
al. 2009; Kress et al. 2009). The DNA sample sizes were
between 500-750 bp.
Phylogenetic tree reconstruction
Phylogenetic analysis of rbcL gene
The construction of phylogenetic tree was conducted
using MEGA 6 program with Neighbor-Joining (NJ)
method. The construction of phylogenetic tree aims to
determine
the
relationship
of
among
several
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Dipterocarpaceae species. In this study, the phylogenetic
tree was statistically tested using the bootstrap method of
1000 repetitions (Salemi and Vandame 2003). According to
Claverie and Notredame (2007), bootstrap method is a
randomization method of characters into new data sets with
the same number of characters as the initial data set and the
phylogenetic tree. In this study, only 11 amplicons were
successfully sequenced, while the rest showed poor
sequencing results.
The Dipterocarpaceae samples in this study were
divided into two groups (clade) (Figure 5). The first group
has bootstrap values 63, consisted of Shorea johorensis,
Shorea lepidota, and Hopea dryobalanoides, and the
second group has bootstrap values 95 consisted of
Parashorea lucida and Shorea parvifolia. Each group
formed a monophyletic group. A group of species is
monophyletic if all of the species present in the branches
come from one common ancestor (Campbel et al. 2003).
In this phylogenetic tree, S. johorensis has a closer
relationship with S. lepidota than S. parvifolia. This is in
accordance with the research by Cao et al. (2009), S.
johorensis formed a separate group with S. parvifolia. In
addition, chloroplast DNA analysis by Tsumura et al.
(2011), also explained that S. johorensis and S. parvifolia
each formed the monophyletic group.
Two samples of S. lepidota (sample 1 and 3) were in a
different branch with sample 2. However, the three samples
of S. lepidota were still in a monophyletic group.
According to Olivar et al. (2014), rbcL has low
interspecific but exceedingly high intraspecific divergence.
Hence, rbcL was not able to group similar species in these
samples. In addition, Li (2011) stated that plastid DNA
barcoding loci might not be able to discriminate between
closely related species within a genus. They posited that the
low performance of rbcL in this parameter is attributed to
the low mutation rate of bases in plastid DNA markers.
Shorea parvifolia showed the closer relationship with
P. lucida. This is in accordance with a study by Gamage et
al. (2006) and Indrioko (2005), chloroplast DNA analysis
explained that Parashorea is the same group with Shorea.
In addition, molecular data from Tsumura et al. (1996),
Kajita et al. (1998), and Kamiya et al. (2005) also
explained that Parashorea is relatively close to several
species of Shorea. It is clear in this study that Parashorea
is in the same group with Shorea not with Hopea. But, the
opposite result was reported by Kamiya et al. (2005), P.
lucida and S. parvifolia were separate and not belong to a
monophyletic group.
The interesting result in this study, H. dryobalanoides
was grouped with S. johorensis and S. lepidota. Molecular
analysis using trnL-trnF and ITS regions by Yulita et al.
(2005) observed that the molecular analysis has not been
able to separate Shorea from Hopea into different
monophyletic groups. Therefore, it is strongly suspected
that the Hopea group has the same common ancestor with
Shorea. Phylogenetic analysis based on the trnL-trnF, trnL,
and matK from some Dipterocarpoidea subfamily species
showed that Hopea formed a monophyletic group with
several genera of Shorea (Gamage et al. 2006). In addition,
PgiC (Kamiya et al. 2005) and rbcL (Dayanandan et al.

1999) tree topologies also showed that Hopea is in a
monophyletic with several species in the Shoreae tribe.
Flower morphology data from the Hopea genus and
several Shorea species showed similarities, i.e., the flower
has the corolla with urceolate shape and stamen with an
additional acicular linkage (Dayanandan et al. 1999). In
addition, They also have different unique morphological
characters (Kamiya et al. 2005). Therefore, it is assumed
that the Dipterocarpoidea species have not yet shown
differences in molecular genus levels even though they
have evolved into species with several different
morphological characters (Gamage et al. 2006).
Monotes katangensis (sequence from GeneBank
database) is an outgroup because it has a distant
relationship with Dipterocarpaceae research samples.
According to Hidayat and Pancoro (2008), in the analysis
of phylogenetics, outgroup lead to the polarization of
characters or characteristics, namely apomorphic and
plesiomorphic characters. Apomorphic characters are the
changed and derived characters which were found in the
ingroup (species which were studied), whereas the
plesiomorphic character is the primitive character was
found in the outgroup. The synapomorphic character is a
derived character in the monophyletic group.
Phylogenetic analysis of matK gene
The reconstruction of phylogenetic trees based on the
matK gene is presented in Figure 6. In this study, only 4
amplicons were successfully sequenced, while the rest
showed poor sequencing results. There were two
monophyletic groups namely group 1 and group 2 with the
support of a very large (100) bootstrap value. The high
bootstrap value indicates the more stable grouping in the
phylogenetic tree. S. johorensis and S. parvifolia each
formed a separate monophyletic group. This is in
accordance with rbcL gene analysis. In addition, Tsumura
et al. (2011) and Cao et al. (2009) explained that S.
johorensis and S. parvifolia were not in a monophyletic
group. Monotes madagascariensis (sequence from
GeneBank database) was an outgroup because it has a
distant relationship with Dipterocarpaceae research samples.
Shorea johorensis 1
Shorea johorensis 2
65

Shorea johorensis 3
Shorea lepidota 2

63

Clade 1

Hopea dryobalainoides 2
Shorea lepidota 3
Shorea lepidota 1
Parashorea lucida 3
Shorea parvifolia 1

95
65

Shorea parvifolia 2

Clade 2

Shorea parvifolia 3
Monotes katangensis

Figure 5. The phylogenetic tree of Dipterocarpaceae based on
rbcL gene using the neighbor-joining method
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Shorea johorensis 1
Shorea johorensis 2
Shorea parvifolia 1

100

Shorea parvifolia 2

Clade 1
Clade 2

Monotes madagascariensis

Figure 6. The phylogenetic tree of Dipterocarpaceae based on
matK gene using the neighbor-joining method

In conclusion, reconstruction of the phylogenetic tree
based on the rbcL gene showed that there were two
monophyletic groups, the first group consisted of S.
johorensis, lepidota Shorea, and H. dryobalanoides and the
second group consisted of S. parvifolia and P. lucida. In
addition, the reconstruction of the phylogenetic tree based
on the matK gene showed that S. johorensis and S.
parvifolia were separated in two different monophyletic
groups.
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Abstract. Puspitaningtyas DM. 2018. Orchid exploration in Mount Bintan Besar Protected Forest, Bintan Island, Riau Islands
Province, Sumatra, Indonesia. Biodiversitas 19: 1081-1088. Sumatra is one of the main islands in Indonesia. The biodiversity is higher
than Java, but still below compare to Borneo and New Guinea. About 1,118 species of orchids are found growing in Sumatra, which
41% of these are endemic to Sumatra. The exploration activities were conducted at Gunung Bintan Besar Protected Forest, Bintan
island-Sumatra. Orchid exploration was conducted in this area to collect living plants for ex situ conservation purpose. Orchid inventory
to record orchid diversity in this area, based on plant collection by purposive random sampling. The results of the study recorded
approximately 23 orchid collection numbers found in that area. These were representative of 15 genera and consist of 14 species of
epiphyte orchids and 9 species of terrestrial orchids. Most orchids found in this area are lowland orchid which are very common in
Sumatra. Dendrobium metachilinum Rchb.f., Dendrobium leonis (Lindl.) Rchb.f. and Plocoglottis lowii Rchb.f. are unique orchids
species found on this island.
Keywords: Bintan Island, exploration, inventory, orchid

INTRODUCTION
One-third of 7,500 plant species found in Peninsular
Malaysia region was recorded as the potential plants which
have economic value, such as woody plants, medicinal
plant, spice and herbal plants, ornamental plants etc., Most
of which are occurred in Sumatra (Burkill 1966). There is a
relationship of the geology between Sumatra and mainland
Southeast Asia in the past, therefore there is a phenomenon
that some species of flora and fauna in Sumatra have
similarities to those in mainland Southeast Asia.
Sumatra is an island with a high level of biodiversity
compared to Java, but its level is still below Borneo and
New Guinea (Meijer 1981). The location of the island of
Sumatra is very strategic, has a tropical climate with warm
temperature throughout the year, as well as relatively
constant rainfall, are the factors that create ideal conditions
for the growth of flora. A diverse number of plant species
is reflectance of how rich biological resources in Sumatra
and most of them have high economic value.
Indonesia has been recognized as one of megabiodiversity country after Brazil and Congo (Butler 2016).
Indonesia archipelago consists of more than 17,000 small
islands with enormous genetic plant's diversity, with many
different types of habitats and an extremely complicated
geological history (Bruyn et al. 2014). Some of them are
endemic species of the island. Due to limited distribution
and the species only found on small islands, causes them
vulnerable to extinction. Establishment and development of
conservation area such as botanic garden is one effort to
reduce the degradation of plant diversity in small islands.
Nowadays exploration activities, especially orchids are

considered very important, because many orchid's natural
habitats are degraded. Destruction of the orchid's natural
habitat has increased sharply and has been accelerated by
human activities such as housing, industry, plantation and
so on. WCMC (1995) states that 203 orchids species are
the highest threatened species (39%) compared to other
threatened species of Indonesia. It is even possible when a
lot of orchids are extinct before they have been described
or documented. In Java, many forest areas have been
converted into settlements, housing or plantations so that
the orchid population in the wild is threatened. In addition,
wild orchid traders illegally harvest in nature, this also
triggers the decline in the populations of wild orchid in
nature without any effort to cultivate the orchids.
Furthermore, natural disasters also become one of causes
the declining population in nature. Comber (1990) reported
that in Java there are approximately 731 orchids species,
which are estimated 248 species of endemic orchids in
West Java, 16 species endemic orchid in Central Java and
49 species endemic orchid in East Java. While in Sumatra
there are approximately identified 1118 orchid species,
41% of which are endemic orchid in Sumatra (Comber 2001).
In the effort to fulfill its mission of ex situ conservation,
botanic gardens in Indonesia carry out exploration
activities and plants inventory to study the plant diversity.
One of the points interest in Bogor Botanic Garden is the
research on orchid. WCMC (1995) states that 203 orchids
species are the highest threatened species (39%) compared
to other threatened species of Indonesia. The aim of the
research here was to inventory orchid diversity in Mount
Bintan Besar and also to enrich the orchid collection of
Bogor Botanic Gardens and Batam Botanic Gardens.
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MATERIALS AND METHODS
The research was conducted in the area of Mount
Bintan Besar Protected Forest, located in Kampung
Bekapur, Bintan Buyu Village, Bintan Bay Sub-district,
Bintan District, Riau Islands Province, Indonesia, from
April 19 to May 18, 2015.
The objective was to observe orchid diversity in Mount
Bintan Besar. The exploration activity was based on plant
collection by purposive random sampling (Partomihardjo
and Rahajoe 2005). The living material collected was
mostly planted out in Bogor Botanic Gardens and Batam
Botanic Gardens for ex-situ conservation purposes. For
orchids collected not in flower, it is usually only possible
for an initial identification to be made to genus level. To
identify to species level, it is usually necessary to observe
the flower morphology. Identification methods were used
by reference to herbarium specimens in the Herbarium
Bogoriense and or living collections in the Bogor Botanical
Gardens (Hidayat et al. 2017). Literature reviews (Comber
1990, 2001; Seidenfaden and Wood 1992; Gravendeel
2000) were also used to support identification. Valid names
were attributed based on the current listings in "The Plant
List, A Working List of All Plant Species"
(www.theplantlist.org). Plants were only sampled and
collected for those species that were abundant in the field,
so as to support in situ conservation of the species. Some

rare species were not sampled and were only recorded or
photographed for documentation.

RESULTS AND DISCUSSION
Bintan Island has only one mountain namely Gunung
Bintan Besar (Mount Bintan Besar). The mountain is
located in the middle of Bintan Island and is about 55 km
from the city of Tanjung Pinang (the capital city of Riau
Islands Province). It is a protected forest area of tropical
rainforest. Topography is hilly and the slopes are ramp to
steep. Mount Bintan Besar Protected Forest has an altitude
of 11-400 m above sea level. It is located in Kampung
Bekapur, Bintan Buyu Village, Bintan Bay District, Bintan
District, Riau Islands. Mount Bintan is a catchment area
and becomes a destination place for ecotourism. The
habitat in Mount Bintan Besar is described as primary
forest and secondary forest which disturbed by human
activities such as forest burning for planting horticulture
crops. Primary data is obtained through direct survey to the
field during exploration activities. Primary data of
environment was recorded using instrument thermohygrometer, altimeter, and soil pH-tester tools. Exploration
in this habitat was carried out at an altitude between 5-213
m above sea level (asl.).; temperature was about 24-31 °C;
the degree of soil acidity (soil pH) was 4.6-6.8 and
humidity (RH) was 78-83%.

Figure 1. The location of Mount Bintan Besar (red circle) in Bintan Island, Riau Islands, Indonesia
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Figure 2. Forest burning for planting horticulture crops around Mount Bintan Besar in Bintan Island, Riau Islands, Indonesia

Table 1. The list of orchid species found in Mount Bintan Besar
Protected Forest, Bintan Island, Riau Islands Province, Sumatra,
Indonesia
Orchid species
Terrestrial orchid
Arachnis sp.
Bromheadia finlaysoniana (Lindl.) Miq.
Corymborkis veratrifolia (Reinw.) Blume
Neuwiedia zollingeri Rchb.f. var. zollingeri
Plocoglottis lowii Rchb.f.
Plocoglottis plicata (Roxb.) Ormerod
Spathoglottis plicata Blume
Thrixspermum amplexicaule (Blume) Rchb.f.
Tropidia curculigoides Lindl.
Epiphyte orchid
Acriopsis liliifolia (J.Koenig) Seidenf.
Agrostophyllum stipulatum (Griff.) Schltr.
Appendicula anceps Blume
Bulbophyllum sp.
Bulbophyllum sp
Bulbophyllum sp.
Bulbophyllum sp.
Bulbophyllum vaginatum (Lindl.) Rchb.f.
Cymbidium finlaysonianum Lindl.
Dendrobium crumenatum Sw.
Dendrobium leonis (Lindl.) Rchb.f.
Dendrobium metachilinum Rchb.f.
Dendrobium salaccense (Blume) Lindl.
Polystachya concreta (Jacq.) Garay & H.R.Sweet

Sumatra Island is one of the 6th largest islands in the
world. Comber (2001) has identified 1118 species of
orchids found growing in Sumatra, possibly there are still
10% of other orchid species that have not been identified.
About 41% are expressed as endemic orchids of Sumatra.
The orchids that are inventoried in Bintan Besar Protected
Forest area are very low in diversity, only 23 species were
found in this area, compared to the diversity of orchids
found in Sumatra that about 1118 species (Comber
2001)..
Generally, the orchids were not found in flowering
condition, so species names could not be precisely
identified. Approximately10% are found in flowering
conditions. Based on the results of exploration activities in
Mount Bintan Besar Protected Forest Area, we obtained 26
numbers of orchid collections. After blooming, several
numbers of orchid collection produce same flowers. Hence
our exploration of orchids resulting in 23 species, 15
genera, 238 specimens. It is about 2.06% of all orchids in
Sumatra. This orchid grows at an altitude range of 11-161
m asl., 14 species of epiphytic orchids and 9 terrestrial
orchid species (Table 1.)
Comber (1990) reported that there are approximately
731 species of orchids in Java, and orchid species at high
altitude range between 500-1,500 m asl. are more diverse
compared to the lower altitude. In Meru Betiri National
Park with an altitude less than 100 m asl, only ± 25 orchids
species found (Puspitaningtyas 2007). Bali has more
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similar orchid with Java rather than to Lesser Sunda Island
(Comber 1990; Schuiteman 1999). Furthermore,
Schuiteman (1999) stated that not less than 70% of all
orchids known from the Lesser Sunda Islands occur in
Java, it means that Lesser Sunda has poor endemic orchid
(about 30%). Schuiteman et al. (2008) mentioned that
about 200 orchids species in 72 genera occur in Lesser
Sunda Island and 66 species of which occur in East Timor
(Silveira et al. 2008). Sulistiarini et al. (2016) have found
20 orchids species in Mount Mesehe and Mount Merbuk in
Bali with an altitude range between 200-1.600 m asl. While
Girmansyah et al. (2013) have listed 146 orchids species in
Bali.
The richness species that occupies in Borneo is the
orchid, (Lamb 1991) mentions that there are approximately
2,500-3,000 species (approximately 10% of the total
number of orchids in the world). Of this 30-40 % of the
species are endemic orchids to Borneo. Wood and Cribb
(1994) mentions more than 1,400 orchid species occur in
the Island.
A preliminary catalog on the inventory of orchids in
Sulawesi and Maluku, a total of 820 species were recorded
of which 60% (548 species) are found in Sulawesi and 369
species are found in Maluku (Thomas and Schuiteman
2002). Some orchid species which are found in Bintan
Besar Protected Forest area will be described in this paper.

Corymborkis veratrifolia (Reinw.) Blume
Corymborkis veratrifolia is a tough, evergreen,
terrestrial orchid without underground storage. It has a
hard, erect, unbranched and leafy stem, growing to 1.5-2 m
tall. Leaves are lanceolate, plicate and tough, with pointed
leaf tip; sessile, leaf position alternately around the stem,
about 35 x 10 cm. The inflorescence is axillary, arranged in
panicles, branched, each branch bears three pure white or
greenish-white flowers. Sepals are lanceolate, acute,
spreading; petals oblong, spreading wider, apices curled
back; lip is trilobed, entire, 3 cm long and 1.5 cm broad,
convex, the margins undulate (Comber 1990). This orchid
love growing in shady and moist habitats, especially in rich
humus soil. It mostly grows at an altitude of 0-2.000 m asl.
The distribution is from India, Southeast Asia to some parts
of the Pacific islands. In Indonesia, it spread from Sumatra,
Java, Borneo to Sulawesi.
Plocoglottis lowii Rchb.f. and Plocoglottis plicata
(Roxb.) Ormerod although both two species are not yet
flowering but both are easily distinguished from the color
of the leaves, P. lowii has a dark green leaf color, while P.
plicata has green leaf color. Meanwhile, Tropidia
curculigoides Lindl. is recorded as a new collection for
Batam BG, but for Bogor BG became a recollection from
Sumatra because the existing collection from Java and
Sumatra has died.

Terrestrial orchids
Arachnis sp.
There were about 9 terrestrial orchid species found in
this area. Arachnis sp. has been found in this area. It grows
on rock cliffs of the roadside under the full sunlight, as
lithophyte or semi-terrestrial orchids. However, it has been
not identified to the species level, because it has not
flowered yet. It is a new collection for Bogor and Batam
Botanic Gardens (BG). While Bromheadia finlaysoniana
and Spathoglottis plicata are also found in the open area as
terrestrial, on red clay soil not on rocky hill.

Plocoglottis lowii Rchb.f.
Plocoglottis lowii is a terrestrial orchid with conical,
olive, purple pseudobulbs. Pseudobulb about 7-8 cm tall by
1.5-2 cm thick at the base, covered with sheaths when
young, carrying a single leaf. Leaf is solitary lanceolate,
acute, plicate, glabrous, up to 28-30 cm long by 8-9 cm
wide, petiole 4-5 cm long, shiny greenish purple above and
deep purple beneath. Inflorescence is up to 70-100 cm tall,
erect, pubescent, with many flowers but only one flower
opening at a time. Flower is 3 cm in diameter, dorsal sepal
and petals are narrow, measured about 1.3-1.5 cm long and
3-5 mm wide, spreading, tip pointed, pale yellow. Lateral
sepals are red with yellow patch a half, curly and recurved
inside. Lip rectangular to square, 6 mm long by 7 mm
wide, thick, fleshy and red, with narrow tip and bent down.
These flowers have a moveable lip that triggers and shuts
tight when something touches it.
It is found in Thailand, Peninsular Malaysia, Borneo,
Sumatra, in lowland and hill forests at elevations of sealevel (0 m) to 1,000 m (Seidenfaden and Wood 1992; Teoh
2016).

Bromheadia finlaysoniana (Lindl.) Miq.
This terrestrial orchid is about 70-200 cm height,
sympodial with stiff leaves. The leaves are ellipticlanceolate, the tip is bilobed, asymmetrically, alternate, the
size is about 10-15 x 2-3 cm. Inflorescence arises from the
upper trunk segment, 15 cm long, rarely branching,
supporting 1-2 flower buds that bloom simultaneously. The
flowers are white with yellow interiors and red variations
on the lips. Flower is wide open, 5-6 cm in diameter, only a
half day blooming.
Bromheadia finlaysoniana (Lindl.) Miq. is a new
collection for Batam BG, but recollection for Bogor BG.
This terrestrial species is more common growing in poor
nutrients, on red clay soil or on the open bush, under full
sunlight and it needs moderate rainfall. Generally grown in
the lowlands at 0–200 meters altitude, but sometimes can
be found at an altitude of more than 1,100 m asl. Its
distribution is wide spreads ranging from Burma, Thailand,
Laos, Cambodia, Vietnam, Peninsular Malaysia, Sumatra,
Borneo, New Guinea to Australia (Comber 2001).

Plocoglottis plicata (Roxb.) Ormerod
Plocoglottis plicata is a terrestrial orchid, its pseudobulbs are succulent, elongated, about 9 x 1 cm, closed
together, supporting one leaf. Leaf is elliptic to oval, on a
stouts 7-15 cm long petiole, plicate, measuring 20-25 cm
long by 9-11 cm wide. Inflorescence one-two to a
pseudobulb, up to 45 cm long including 30 cm red
peduncle, rachis which is also red and short-hairy, bearing
10-15 well spaced-out flowers but only 2-4 buds that
bloom together. The flowers are small, ± 3 cm in diameter,
the petals colored pale yellow heavily spotted with reddish-

PUSPITANINGTYAS – Orchid exploration in Mount Bintan Besar, Riau Islands, Indonesia

brown around the base. The flower petals ± 2.5 cm x 9 mm,
the dorsal sepal curve forward and the lateral sepals turned
downwards, spreading out apically. Petals much narrower
and stretching upwards, not incurved. Lip is yellow, with
two red blotches near the base, more or less square, the
apex turned downwards. (Comber 1990; Comber 2001).
It is found in Java, Borneo, Sumatra, Sulawesi,
Moluccas, Peninsular Malaysia and the Philippines. It is
growing in lowland to highland, in mixed montane
rainforests, in deep shade, in alluvial soils with sandstone
or limestone, at elevations very close to sea level to 1,200
m asl.
Tropidia curculigoides Lindl.
Tropidia curculigoides is a terrestrial orchid with an
often branched, woody stem and basally clasping. The
leaves are thin but tough, plicate, narrowly lanceolate with
pointed tip. The leaves are held in a spiral around the stem.
Inflorescences both lateral and terminal, peduncle short, ±
1.5-2 cm, support 6-10 flowers. The flowers are creamywhite, the tips of petals and sepals are green, very small
flower size, not fully opening, ± 1 cm broad. Dorsal sepals
long-oblong, concave apical half, 1 cm long by 3.5 mm
broad; lateral sepals more acute, 1.37 cm long by 3.5 mm
broad. Petals lanceolate, more obtuse, very concave, 1 cm
long by 3.5 mm broad. This orchid can be found in Assam,
Bangladesh, eastern Himalayas, Sikkim, Lower India,
Andaman Islands, Myanmar, Thailand, Laos, Cambodia,
Yunnan China, Hong Kong, Vietnam, Malaysia, Borneo,
Java, Lesser Sunda Islands, Sumatra, Sulawesi, New
Guinea and New Caledonia at elevations of up to 1,300 m
asl. (Comber 1990; Comber 2001).
Spathoglottis plicata Blume
Spathoglottis plicata is a very common terrestrial
orchid in tropical areas. Pseudo-bulb is ovoid,
underground, covered with leaf sheaths, each carrying 4-7
leaves. Leaves narrowly lanceolate, up to 100 x 6 cm.
Inflorescence is longer than the leaves, can reach 1-2 m,
supporting about 10-30 flowers. The colors are bright
mauve, pale pink or pure white. The flowers are bloom
simultaneously with usually 5 or 6 open at any one time,
fully open, 3.5-4 cm in diameter. Sepals broadly lanceolate,
measuring 2 x 1.2 cm, petals ovate, broader than the sepals,
± 2 x 1.5 cm. Lip is trilobes, the mid-lobe is spathulate like
a spoon, pointed at the base and widened at the ends. This
orchid grows at an altitude of 0-1,600 m asl. Usually found
in grasslands or on the banks of rivers, in open area where
there is no competition with tree plants. It is widespread
throughout Bangladesh, East Himalayas, Assam, India, Sri
Lanka, the Andaman Islands, South-East Asia to New
Guinea, Australia and the Pacific Islands (Comber 2001,
Seidenfaden and Wood 1992).
Neuwiedia zollingeri Rchb.f.
Neuwiedia zollingeri is a terrestrial orchid without
underground bulb. Leaves are arising from the basal part of
the stem, placed close together, lanceolate, plicate,
acuminate, the lowest ones largest, measured about 50 x 7
cm including 6 cm petiole, upper ones much smaller,
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without petioles, sheathing the peduncle. Inflorescence
lengthening to 10 cm, bearing up to 80 flowers. Flowers are
golden yellow, not opening widely, with narrowly
lanceolate, acuminate floral bracts. Sepals and petals
lanceolate, 17x3.5 mm; petals wider, ±6 mm broad, the lip
oblong, all the tepals end in a cusp. It is found in Java and
Sumatra in hill forests at elevations around 700 to 1,300 m
asl. (Comber 1990).
Thrixspermum amplexicaule (Blume) Rchb.f.
Thrixspermum amplexicaule is a terrestrial orchid
which thrives in poor grassland or on rock under full sun.
Monopodial stem can reach 1-2 m tall, bearing leaves along
their length, placed about 4 cm apart alternately. Leaves 36 x 2-2.5 cm, thick fleshy, bases of leaves clasp the stem.
The peduncle of inflorescence is very long and stout, up to
26 cm, rachis gradually expanding to more than 10 cm
long. Flowers opening one or two at a time, pale mauve or
white, 3.5 cm broad. Sepals 17 x 11 mm and petal shorter
less than 15 mm, the pouch lip 6 mm deep, inside with a
small yellow callus and a band of orange hairs below it, the
mid lobe white, obtuse and fleshy, the side lobes small and
pointed. It is widespread in South East Asia (Comber
1990).
Epiphyte orchid
Among the epiphyte orchids growing in this area,
Bulbophyllum is the common orchid in this place,
especially Bulbophyllum vaginatum (Lindl.) Rchb.f. Other
common orchids found in this area are: Dendrobium leonis
(Lindl.) Rchb.f. and some other Bulbophyllum spp.
Dendrobium leonis (Lindl.) Rchb.f. is a new collection
for Batam BG, while Bogor BG already has this collection.
Polystachya concreta (Jacq.) Garay & H.R.Sweet is also a
new collection for Batam BG and this species has already
existed as Bogor BG's collections which are mainly
collected from Java.
Bulbophyllum spp.
There is 5 number of Bulbophyllum collections found.
Those species are epiphytes orchid with creeping
sympodial bulb. Only one species of them were flowering,
namely Bulbophyllum vaginatum (Lindl.) Rchb.f.
However, the others did not bloom, so they cannot be
identified for the species and cannot be specifically
described.
Bulbophyllum vaginatum (Lindl.) Rchb.f.
Bulbophyllum vaginatum is an epiphytes orchid with
sympodial bulb, creeping, 5 cm space between nodes. Bulb
ovoid, slightly rectangular when growing, size 2x1cm. The
leaves are single per bulb, elliptic-oblong, the tip obtuse
and slightly bilobed, 12x2.5 cm in size. Inflorescence
arising from the base of bulb, peduncle 9 cm long, and
rachis 1 cm, produces numerous umbel flowers, 12-15
flowers, bloom simultaneously, yellowish white or creamy
yellow. Dorsal sepal hood-shaped, margin hairy, pointed
tip, 8 mm long, lateral sepals 6.5 cm long, united at the
base, then spreading to the tip, loose like beard. Petal
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ellipse, margin hairy, 2.5 mm long. Lips like a tongue, 2
mm long, dark cream or pale yellow.
This species is commonly found in secondary forests,
mangroves, lowland swamp forests at an altitude of 0-600
m asl. It usually grows on the trunk of a tree forming a
large colony. This orchid is widespread in Thailand,
Malaysia, Sumatra, Java, and Borneo (Comber 1990;
O'Byrne 2001; Seidenfaden and Wood 1992).
Acriopsis liliifolia (Koen.) Ormerod
This epiphytic orchid has a sympodial habit, with ovoid
bulb, supports 2-4 leaves. Leaves are linear, and obtuse on
the tip, size is about 28-30 cm long and 2-2.5 cm wide.
Inflorescence branched; arranged in panicle, 60 cm long,
support many small flowers, ±1-1.25 cm broad. Petals are
white-pale yellow with reddish-brown variations in the
middle. Lips stretching wide, white on the base with
pinkish in the middle. It is commonly found growing
attached to the trunk or branching of trees on the roadside
and secondary forest disturbed. It grows well in the
lowlands (0 m asl.) to the mountain areas (1,100 m asl.). Its
spread includes Southeast Asia, Papua New Guinea,
Australia and the Solomon Islands (Comber 1990; O'Byrne
2001).
Agrostophyllum stipulatum (Griff.) Schltr.
This epiphytic orchid has cluster stems which emerge
from their rhizomes, the length can reach 100 cm. Leaves
almost overlap, obtuse and bi-lobe at the tip. The
inflorescence support one or two flowers in each set, which
are fully open, 11 mm wide, pale yellow. The petals are
slightly oval-shaped, measuring 5 mm in length. The sepals
are linear-shaped, 1.2 mm wide. Lip is white with red dots
near the base, divided into three lobes, both side lobes
widened to the side and the middle lobe protrudes forward.
It is commonly found at an altitude of 200 -1400 m asl, it
grows on the branch of small tree, formed large clumps.
This orchid is widespread in Southeast Asia to the Salomon
Islands (Comber 1990, 2001; Seidenfaden and Wood
1992).
Appendicula anceps Blume
This epiphyte orchid has long stem, up to ±45 cm long,
pendulous. Leaves flat, oblong-lanceolate, tip bilobed,
alternate, inter-nodes 2-3 cm. Inflorescence both lateral and
terminal, hanging down, branched, gradually elongated up
to 4 cm, with 3-4 flowers open at one time, flowers small,
±4 mm in diameter, sepals 2.5x1.5 mm, petals 2x1 mm,
white or pale translucent green, lips white with dark red at
the base centre, column and anthers are also dark red in
front. It grows in lowland area, moist and mossy forest to
mountain forests at an altitude of 400-2,500 meters asl. It
spreads to Thailand, Peninsular Malaysia, Philippines,
Sumatra, Java, Borneo, Lesser Sunda Island, and Sulawesi
(Comber 1990; O'Byrne 2001).
Dendrobium leonis (Lindl.) Reichb.f.
This epiphyte orchid has a sympodial habit, without
bulbs with multiple tufted stems. Stem is ±25 cm long,
supporting many sessile leaves. The leaves are triangle

shaped and arranged in alternating rows, thick and fleshy,
laterally flattened, the upper leaf surface is smooth and
very stiff, 1.5-2 cm long and ± 1 cm wide. Flowers are
emerged at the leafless stem apex and are single-flowered,
size is about 1.3 to 2.0cm in diameter. Dorsal sepal is ±6-7
mm long and ±3 mm wide, tip pointed, lateral sepals wider
and united to form a chin (mentum), petals are lanceolate, ±
5x3 mm. Lips oblong-oval, tip bi-lobed, recurved towards
the apex, warty upper surface, ± 1 cm long and 3-5 mm
wide. The flower tepals are pale green or yellow with the
lip being a very pale green and flushed with dark
purple. Flowers have sweet, vanilla-like fragrance. It was
found growing in lowland forest and epiphytes on the trunk
of rubber tree. The wide distribution is ranging from
Vietnam, Laos, Cambodia, Thailand, Indochina, Natuna
Islands, Peninsular Malaysia, Sumatra and Borneo
(Seidenfaden and Wood 1992; Comber 2001; O'Byrne
2001).
Dendrobium metachilinum Rchb.f.
This epiphyte orchid is growing on the stem of host tree
with stout rooting, erect to pendent, clustered, stems are
rounded slightly oval and deeply grooved when dry,
internodes clear, supporting 11 to 13 leaves which are
linear- to narrowly oblong, stiffly spreading, unequally
obtusely to acutely bi-lobed, glabrous leaves. The
inflorescence emerges axillary from nodes opposite the
leaves, arranged in cluster, 2-4 flower buds per segment,
blooming simultaneously, flower small, size are about 11.25 cm in diameter, light brown to orange. Sepals are oval
shape, the tip is pointed, while petals are lanceolate,
flowers bracts are ovate, acute, concave (Seidenfaden and
Wood 1992). This species distributed in Thailand and
Malaysia, Sumatra, Borneo, and Sarawak. This species is
commonly found in lowland forests near streams in the
tops of tall trees at elevations of 200 meters asl.
Dendrobium salaccense (Blume) Lindl.
These orchids are growing epiphytes on the trees or
lithophyte on rocks in forests and open places, Stems 50-70
cm long, slender, often pendulous, shiny, woody stems.
Leaves linear- narrowed shape, slender, distichous grasslike leaves, measuring ± 12x1 cm, obtuse and asymmetric
bilobe. Inflorescence is emerging from nodes opposite the
leaves, flowers are in a pair of each node. Flowers are pale
yellow, Sepals and petals are almost the same shape and
size, oval-triangular shape, slightly obtuse on the tip, fully
open with size is about ± 1-2 cm in diameter. Lips are not
distinctive trilobe, the center is narrowed, the shape of the
oblong with a prominent repeat. Bracts are brown, this
orchid is found growing in China, Myanmar, Thailand,
Malaysia, Laos, Vietnam, Java, Borneo and Sumatra in
riparian forests at elevations of 500 to 1,800 meters. It
generally grows on the main stem of a tree or branching,
likes an open place. Grows at an altitude of 0-1,800 m asl.
The distribution covers the regions of Thailand, Laos,
Vietnam, southern China, Peninsular Malaysia, Sumatra,
Java, and Borneo (Comber 1990; Seidenfaden and Wood
1992).
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Cymbidium finlaysonianum Lindl.
This epiphytic orchid has a sympodial habit, commonly
grow on the branch of the trees. Hidden flat and oval bulb,
covered by leaves, supports 4-7 strap-shaped leaves and
leathery, emerging erect but later arching as it lengthens,
semi terrete 36-85 cm long and 2.7-6 cm wide, the leaf tip
is unequally bilobed. A pendulous inflorescence is borne
from the base of the stem, length 60-120 cm, supporting 726 flower buds. The petals and sepals are spreading, 4-6 cm
in diameter, the sepals and petals are yellow with or
without dark red streaks running along the middle, softly
scented. The lip is three-lobed; the tip of the lip is recurved
and white with red markings. The flower column is dark
red and curved. It generally is growing on the branching of
shady trees, in a rather open place, an altitude of 0-1,200 m
asl. Its distribution is from Vietnam, Cambodia, Thailand,
Philippines, Peninsular Malaysia, Sumatra, Java, Borneo
and Sulawesi (Comber 1990; Seidenfaden and Wood
1992).
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Polystachya concreta (Jacq.) Garay & H.R.Sweet
It is an epiphyte orchid, with sympodial growth habit,
pseudobulb small and closes together, flat oval, about 6x2
cm, supports 2-6 leaves. Leaves with long sheaths at their
base, a lanceolate-oblanceolate shape, acute, the largest
ones about 25x5 cm. Inflorescence emerging from the top
of pseudo-bulbs, paniculate, the peduncle 4-30 cm long,
supporting several branches of inflorescence (1-4), each
branch (1-2 cm) supports 3-8 buds so that in one flower
there are 15-25 small flowers with 5 mm broad. Flowers
are pale green, yellow or light brown sepals are acute,
about 4 mm long, lateral sepals broader than the dorsal
sepals, petals are linear, only 0.75 mm broad. Lip tri-lobed,
the mid-lobe is rounded and recurved, most of the inner
surface of the lip is covered with short hairs.
It can grow from lowland near sea level to mountains
up to a height of 1,650 m above sea level. It has a
worldwide distribution in moist tropical climates (Comber
1990).
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Figure 3. Orchids of Gunung Bintan Besar Protected Forest, Bintan Island, Riau Islands Province, Sumatra, Indonesia. A. Bromheadia

finlaysoniana (Lindl.) Miq., B. Appendicula anceps Blume, C. Bulbophyllum vaginatum (Lindl.) Rchb.f., D. Cymbidium
finlaysonianum Lindl., E. Dendrobium metachilinum Rchb.f., F. Dendrobium leonis (Lindl.) Rchb.f.
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Dendrobium crumenatum Sw.
It is an epiphyte orchid, with sympodial growth habit,
pseudo-bulb is spindle-shaped, swollen basally for a few
nodes, ridged, measuring about 4x1 cm, the rest of the stem
is stiff and usually erect, the whole stems can be more a
meter long, are frequently branched, carrying, 4 to 19,
thick, leathery, eventually deciduous leaves. Leaves
oblong, lanceolate, tough and leathery, 9x2 cm. Single
flower emerges from the leafless nodes of the apical part of
the stem, 5 cm across the sepals, fragrant, flowers are fully
open for only one day, partially closing ion the afternoon.
Sepals and petals are about 2.5 x 0.6 cm, acute, sepals are
long-triangular and petals lanceolate. Lip is trilobed,
sidelobes rounded and erect, the midlobe with irregular
margins and a pointed apex with five yellow ribs in the
center.
It grows at an altitude of sea level (0 m) to 500 m asl.,
sometimes can be found in up to 1.000 m asl. It has a
widespread distribution in India, China, New Guinea,
Christmas Islands and all over South-East Asia including
Malaysia, Cambodia, Laos, Vietnam, Lesser Sunda Islands,
Moluccas, Sulawesi, Sumatra and the Philippines (Comber
1990).
In conclusion, the results of the study recorded
approximately 23 orchid collection numbers found in that
area. These were representative of 15 genera, which
consisted of 14 species of epiphyte orchids and 9 species of
terrestrial orchids. Mostly orchids found in this area are
lowland orchid which is very common growing in Sumatra.
The unique orchid species found in this island are
Dendrobium metachilinum Rchb.f., Dendrobium leonis
(Lindl.) Rchb.f and Plocoglottis lowii Rchb.f. Those
orchids have to be conserved, both in situ and ex situ
conservation. Botanic gardens are one of the solutions to
save plants diversity by ex situ conservation. Whereas in
situ conservation is primarily rescue the plant habitat in
nature. Therefore forest degradation must be prevented to
avoid biodiversity loss of flora and fauna, especially in
small islands including Batam Island and Bintan Island.
Mount Bintan Besar is a protected forest area in which
there is a typical ecosystem of tropical rainforest which has
to be saved. As a tropical rainforest, Mount Bintan also
keeps the biodiversity of flora and fauna. So, it is necessary
to keep the remaining forest area as a source of oxygen and
other environmental services.
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Abstract. Lelloltery H, Pudyatmoko S, Fandelli C, Baiquni M. 2018. Study of coral reef for marine ecotourism development based on
region suitability and carrying capacity in Marsegu Island Nature Tourism Park, Maluku, Indonesia. Biodiversitas 19: 1089-1096. The
objectives of the research were to identify the potential of marine natural resources as the object and attraction of marine ecotourism,
and to compile the development plan at Marsegu Island Nature Tourism Park (NTP) based on the Tourism Suitability Index (TSI) and
carrying capacity. Data collection included coral reef and fish type using the Line Intercept Transect (LIT) method. Data were analyzed
using the tourism suitability index and analysis of physical carrying capacity of the area. The results showed the potential of marine
resources covering the coral reefs including 45 species within 23 genera from 14 families with 12 coral lifeforms. A high diversity of
reef fish was found, documenting 129 species of fish within 60 genera from 22 families. The analysis result of the tourism suitability
index (TSI) in the snorkeling category was 74.79% with a carrying capacity of 4,092 person(s)/day and the TSI of diving was 67.32%
with a physical carrying capacity of 1,855 person(s)/day. The analysis showed that the area around Marsegu Island NTP is "suitable" for
ecotourism activities and does not exceed the carrying capacity of the area. The strategy for marine ecotourism management needs to be
completed, including elements such as determining the number of tourists that can be supported per day (based on limiting the number
of divers/snorkelers per day), implementing boat moorings so coral is not damaged by anchors, making sure tourism operators brief
divers/snorkelers not to touch, stand on or break the coral, and ensuring the tour operator is the organization responsible for the
continuous monitoring of marine ecotourism activities and protection of dive sites.
Keywords: Carrying capacity, coral reefs, marine ecotourism, nature tourism park, reef fish, tourist suitability index

INTRODUCTION
Marsegu Island Nature Tourism Park is located in West
Seram District of Maluku Province with an area of 9,023
Ha (NRCC 2010). This area is a Marine Conservation Area
that has coastal resources in the form of coral reefs, coral
fish, mangrove, seagrass and various other marine biotas.
This area is located between Marsegu Island and Osi
Island, and is surrounded by several small islands such as
Buntal Island, Bird Island and Tatumba Island, all with
beautiful and interesting sea-scapes. However, the potential
of these marine resources is still under threat due to both
natural and human factors. Human factors are most
associated with fishing activities, which are being
conducted in an environmentally unsustainable manner by
the surrounding communities. This condition is common in
almost all coastal communities because the majority of
coastal communities have a high dependence on and
consumption of the surrounding natural resources (Dahuri
2003). To minimize the impact of coastal resource damage,
one of the preventive measures is through the utilization of
environmental services based on marine ecotourism. This is
supported by the potential for diversity in the natural
resources of small islands that are abundant and ideal for

development as ecotourism destinations (Baiquni 2013).
Walters and Samways (2001), asserted that marine
ecotourism contributes to the protection of coastal and
marine ecosystems and has an impact in supporting the
economy of local communities. In line with this, research
conducted by Honey (2006) and Rhormens et al. (2017),
asserted that ecotourism has the potential to serve as a
means of education in enhancing the conservation action of
sustainable biodiversity and cultural conservation that can
improve the livelihoods of surrounding communities.
Currently, Marsegu Island NTP has become one of the
marine ecotourism destinations in Maluku. This is
indicated by the presence of domestic and foreign tourists
in a limited quantity and with activities more focused on
enjoying the natural scenery, coastal nature tourism, and
snorkeling and diving (Tourism Office of Maluku 2015).
However, Marsegu Island NTP is not yet under optimal
management as a marine ecotourism destination.
This is due to the lack of supporting facilities in the
form of human resources and government support.
Additionally, there is yet to be any comprehensive
management of the area at potential points where resources
are concentrated. The arrangement of areas is important so
that it becomes a guide for managers and tourists to
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perform various activities. To determine the best plan, we
need to further study the suitability of the region and its
carrying capacity as the foundation of policy development
for sustainable marine ecotourism.
The objectives of this research are (i) to identify the
potential of marine resources in the form of coral reefs and
reef fish as the object and attraction of marine ecotourism,
and (ii) Prepare the design of marine ecotourism
development at Marsegu Island NTP based on the tourism
suitability index and the carrying capacity of the area.
MATERIALS AND METHODS
Location and time of research
This research was conducted in an area of Marsegu
Island Nature Tourism Park (NTP), Western Seram
District, Maluku, Indonesia, specifically Marsegu Islands
for six months from June to December 2016. Location map
of the study sample area is presented in Figure 1.
Tools and materials
Tools and materials used in this study are Map of
Marsegu Island NTP area, GPS, Coral reef and coral fish
manuals, SCUBA equipment, meter roll, underwater
stationery (paper, pencil and baseboard), underwater

camera, current meter, thermometer, refractometer, Secchi
disk, and aquatic resources including coral reefs and coral
fish.
Data collections technique
The data was collected in the form of primary and
secondary data. Primary data was obtained directly from
the location through observation, survey and interview. The
secondary data was obtained from literature study and
related institutions.
Coral reefs and fish data collection was conducted
around Marsegu Island, with consideration that the area
was a utilization zone of Marsegu Island NTP. To get coral
reefs data and coral reef ecosystem components a line
intercept transect (LIT) method was utilized at 6
observation stations. The shape of coral growth (lifeform)
and percentage of coral cover (English et al. 1997) was
determined. The observation stations were determined prior
to field observations by looking at the width of the reef
using satellite images. The observation stations were
located around Marsegu Island and consisted of 50 meters
long transects, with the distance between stations varying
along the boundary line of the coral reef and sea level.
Coral observations recorded all forms of coral growth and
coral species.

Figure 1. Study site in Marsegu Island NTP, Western Seram District, Maluku, Indonesia
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Coral fish data were collected using the Underwater
Visual Census (UVC) method (English et al. 1997). The
UVC method is done simultaneously with the LIT method,
and consisted of a transect length of 50 meters, and a
transect width of 2.5 meters on the left side and on the right
side of the transect. During observations, the total, types,
genus and family of the fish was recorded.
Measurements of environmental variables were carried
out at each observation station including waters
transparency, current velocity, temperature, and salinity.
The coral flat width was measured based on Landsat ETM
7+ 2006. The result of environmental parameter
measurements was then included in the maritime
ecotourism suitability matrix to determine the value of the
snorkeling tour suitability index based on Yulianda (2007).
Data analysis
Analysis of coral reef and coral fish
Data on coral reef closure conditions were analyzed
using Lifeform analysis of the following equation: (English
et al. 1997):

After the percentage of coral cover was calculated, the
coral reef condition was determined based on Gomez and
Yap (1988) criteria of the Coral Reef Damage Standard,
which consists of four categories: excellent (75-100%),
good (50-74.9%), medium (25-49.9%), bad (0-24.9%).
Reef fish data from observations was classified as fish
diversity data. Fish diversity data were then analyzed
descriptively to determine the species, the number of
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species, the family and the classification of the fish species
based on the fish species protection status (IUCN red list).
Analysis of tourism suitability matrix
Analysis of the tourism suitability matrix for snorkeling
and diving utilized the manual of tour suitability index
measurements developed by Yulianda (2007).
The suitability of snorkeling tours utilized 7 parameters
and was grouped into 4 categories (Table 1). The suitability
of diving tours utilzied 6 parameters and was grouped into
4 categories (Table 2).
Suitability analysis was conducted to determine the
suitability of the area for the development of tourism. This
was done to determine the ability of the area to support the
various activities that would be undertaken in the area. The
parameters used for the suitability of marine tourism by
Yulianda (2007) were as follows:

Where:
TSI : Tourism suitability index
Ni
: The-i parameter value (weight x score)
Nmax : The maximum value of a category (snorkeling
and diving)
The suitability class for diving and snorkeling were as
follows:
S1 : very suitable, by TSI 83-100%;
S2 : suitable, by TSI 50-<83%;
S3 : conditional suitable, by TSI 17-<50% and
N : not suitable, by TSI <17%.

Table 1. Matrix of land suitability for snorkeling tourism (Yulianda 2007)
Category
(S1)
Water transparency (m)
5
100
Coral cover (%)
5
>75
Lifeform number
5
>12
Coral fish species
3
>50
Current velocity (cm/sec.)
1
0-15
Reef depth (m)
1
1-3
Reef width (m)
1
>500
Note: Number N Max = 57; N = score x weight
Parameter

Weight

Score
3
3
3
3
3
3
3

Category
(S2)
80-<100
>50-75
<7-12
30-50
>15-30
>3-6
>100-500

Score
2
2
2
2
2
2
2

Category
(S3)
20-< 50
25-50
4-7
10-< 30
>30-50
>6-10
20-100

Score
1
1
1
1
1
1
1

Category
(N)
<20
<25
<4
<10
>50
>10-<1
<20

Score
0
0
0
0
0
0
0

Table 2. Matrix of suitability for diving tourism (Yulianda 2007)
Category
(S1)
Water transparency (m)
5
>80
Coral cover (%)
5
>75
Lifeform number
3
>12
Coral fish species
3
>100
Current velocity (cm/sec.)
1
6-15
Reef depth (m)
1
0-15
Note: Number N Max = 57; N = score x weight
Parameter

Weight

Score
3
3
3
3
3
3

Category
(S2)
50-80
>50-75
<7-12
50-100
15-20
15-30

Score
2
2
2
2
2
2

Category
(S3)
20-<50
25-50
4-7
20-50
>20-30
>30-50

Score
1
1
1
1
1
1

Category
(N)
<20
<25
<4
<20
>30
>50

Score
0
0
0
0
0
0
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Analysis of area carrying capacity
The physical carrying capacity can be analyzed with the
equation (Douglas 1975):

Where:
PCC : Physical carrying capacity (person/m2/day)
A : Area used for tourism (m2)
V / a : Number of visitors / m2 (person/m2)
Rf : Rotation factor (magnitude Rf : duration of
opening time for area ecotourism/time of average visit
time) visits (Fandeli, 2002)
RESULTS AND DISCUSSION
Potential of marine resources in Marsegu Island Nature
Tourism Park
Condition and potential of coral reefs
Based on the data of Citra analysis, the extent of coral
reefs in Marsegu Island NTP was 1,557.68 Ha while the
coral reef area within the utilization zone was 432.52 Ha.
The observation of coral reefs in the utilization zone
around Marsegu Island found 45 species belonging to 23
genera and 14 families. Coral cover was found in the form
of hard coral covering Acropora and non-Acropora, dead
coral algae, algae, sponge, soft coral, other biotas (OT) and
abiotic (sand and coral fracture).
The species of coral reefs and the percentage of benthic
component coverings in the waters around Marsegu Island
are presented in Figure 2. Based on Figure 2, hard coral
cover consisting of Acropora and non-Acropora occupied
the highest percentage at 69.86% and was categorized as
"Good". The results of this study are comparable with
Sitanala Research (2016) in the Kasa Island Marine Nature
Tourism Park which showed that the coral cover
percentage of 77.56% was categorized as "Good". This is
comparable to the research on Marsegu Island because
these two islands are still in a similar ecological region.

Figure 2. Benthic covering component at Marsegu Island Nature
Tourism Park, Western Seram District, Maluku, Indonesia

Live reefs dominated coral benthic cover, where
Acropora was widely dispersed, occupied large areas
spread over 2 to 20 meter deep, and had various colors.
Acropora live corals with branched growth forms (ACB)
occupy large areas and have attractive colors. Tabulate
Acropora (ACT) had large colonies and non-Acropora
species like Coral Submassive (CS) live on the reef wall
and have attractive colors like red which give a beautiful
impression. Based on the assessment of live coral cover, it
was found that the condition and health of the coral
ecosystem were in the “Good” category. Overall a total
number of 12 lifeforms were found.
Potential and condition reef fish
Results of observation of the species of fish found 146
species, 64 genera, and 21 families. When classified based
on the function and role of the fish (major, target, or
indicator), 81 species of major fish were found (55.48%),
49 species of target fish were found (33.56%) and 16
species of indicator fish were found (10.95%). Species of
major fish (ornamental fish) were generally dominated by
the family Pomacentridae, the target fish (fish consumption)
was dominated by the Caesionidae, Lutjanidae, and
Serranidae families. Indicator fish generally have a striking
and attractive shape and color, and become an attraction for
tourists. The species of indicator fish found in this aquatic
ecosystem indicated that the coral reefs are in good
condition. The most common indicator fish came from the
Chaetodontidae family, such as Chaetodon sp. and H.
varius. A species of Napoleon fish (C. undulates) is a
protected species due to its threatened status (IUCN), and
was found within the Marsegu Island NTP. The existence
of this increasingly scarce fish, can be an attraction for
tourists who want to see it directly in its habitat.
Marine conditions around Marsegu Island Nature
Tourism Park
The physical and chemical water conditions around
Marsegu Island were normal and the average velocity was
0.16 m/s. Water temperature averaged 28,66oC. This
temperature was very good for tropical marine organisms
and suitable for tourism activity. Nontji (2005) asserted
that Indonesian sea surface temperatures generally range
from 26-29°C and affect the growth of marine biological
resources such as coral reefs and fish. The waters around
Marsegu Island was within that temperature range.
Water transparency is closely related to marine
ecotourism activities as it relates to the convenience of
snorkeling and diving activities for tourists. The average
water transparency is 12 meters. According to the Decree
of the Minister of Environment No. 51 of 2004 on Water
Quality Standard, the water transparency for marine
tourism is > 6 m. Thus the high water transparency around
Marsegu Island can support marine tourism activities
because visitors can enjoy a farther underwater viewing
distance.
Salinity, or dissolved salt content in waters, is an
environmental parameter that affects marine biological
processes such as growth rate, quantity of food consumed,
and survival of organisms. The results of salinity
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measurements from the surface to a depth of 39 meters
ranged from 34.00 to 34.15‰, averaging 34.10‰, which is
very good for marine organisms. This is in accordance with
the opinion of Bengen (2002), which stated that the salinity
value is good for marine biota life ranged from 30 to 36‰.
In general, the condition of waters around Marsegu Island
is still in good condition and there is no pollution or visible
garbage or waste from community activities in the waters,
therefore it is suitable for marine tourism activities.
Marine tourism suitability
Suitability of snorkeling and diving ecotourism
The results of the snorkeling and diving ecotourism
suitability analysis are presented in Table 3 and Table 4
and Figure 3. Based on Table 3, the tourism suitability
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index (TSI) for the snorkeling category at all observation
stations was "appropriate" with an average TSI value of
74.79% with an area of 102.3 ha. As seen in Table 4, the
ecotourism suitability index for the category of "diving" at
all observation stations was "appropriate" with an average
TSI value of 67.32%, with a utilization area of 46.37 ha.
Snorkeling and diving activity maps are shown in Figure 3.
Physical carrying capacity
The results showed that the area used for snorkeling
activities was 1,023 ha with a carrying capacity of 4,092
people/ha. Diving activity used an area of 46.37 ha and has
a carrying capacity of 1,855 persons/day. The calculation
of the carrying capacity of the region is presented in Table
5.

Figure 3. Map of snorkeling and diving activity location in Marsegu Island Nature Tourism Park, Western Seram District, Maluku,
Indonesia
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Table 3. Suitability of snorkeling ecotourism at each observation
station of Marsegu Island Nature Tourism Park, Western Seram
District, Maluku, Indonesia
Observation
Station
1
2
3
4
5
6
Average

Suitability
Index (%)
73.68
84.20
70.18
72.00
68.00
80.70
74.79

Category
Suitability
S2
S2
S2
S2
S2
S2

Description
Area of
acreage =
102.30 Ha

Table 4. Suitability of diving ecotourism at each observation
station of Marsegu Island Nature Tourism Park, Western Seram
District, Maluku, Indonesia
Observation
Station
1
2
3
4
5
6
Average

Suitability
Index (%)
59.30
75.90
66.70
72.20
55.60
74.10
67.32

Category
Suitability
S2
S2
S2
S2
S2
S2

Description
Area of
acreage =
46.37 Ha

Table 5. Carrying capacity of snorkeling and diving areas
Type of
activity

Wide area
(hectare)

Snorkeling
Diving

1,023
46.37

Space needs
(V/a)
person/m2
1/500 = 0.002
1/1,000 = 0.001

Rf
2
4

PCC
(person/
day)
4,092
1,855

Discussion
Potential of coral reef and reef fish
Generally, coral reefs in Indonesia are categorized coral
reefs (fringing reef) i.e. coral reefs that exist along the
coast, growing on the surface to the sea not more than 40
meters from shore (Djunaedi, 2011). Generally, coral reefs
in the waters around Marsegu island include this type of
fringing reef, from the shore to sea form reef flats (NRCC,
2010). The results of this research showed that live coral
cover occupied the highest percentage (69.86%) of the
reefs and was categorized as "good". The existence of coral
species with various forms of growth such as branching
Acropora (ACB), Tabulate Acropora (ACT), encrusting
Acropora (ACE), submassive Acropora (ACS), and
digitate Acropora (ACD) with attractive colors gives a very
beautiful and attractive impression to tourists. These coral
formations will be an attraction for tourists, especially
those who will be snorkeling and diving. Burke et al.
(2011) confirmed that coral reefs were vital to tourism

interests because their beauty was an important tourist
attraction for water sports, such as scuba diving.
Surpriharyono (2007) added that coral reefs have
undoubted value because the mainstay of marine tourism
was the beauty and uniqueness of the coral reefs.
Brander et al. (2007), asserted many tourist activities in
coastal areas depend on the quality of coral reefs. Marine
tourism activities such as swimming, snorkeling, diving,
and enjoying the coastal seascapes may be disrupted in the
event of a decline in coral reefs (Principe et al., 2012).
Based on the assessment of live coral cover, the condition
and health of the coral ecosystem are in the "good"
category. This is evident from the different coral shapes
that form complex habitat structures for reef fish and
invertebrates. The more complex the habitat, a more
extensive range of species can be supported and the
healthier the coral reefs will be.
A total number of 12 coral lifeforms were identified.
The abundance of lifeforms will provide an attraction for
tourists. This is in line with Planthong et al. (2000) which
stated that for marine tourism, a variation in type of coral
lifeform is needed to maximize enjoyment by tourists.
Others abiotic coral cover components such as sand,
dead coral covered Algae (DCA) and coral
fragments/rubble (R) can still be found on the western side
of Marsegu Island. This indicates that there were
disruptions to the coral reefs. Disruptions to coral reefs
generally come from community activities such as fishing.
Disturbances were seen from coral fractures at two
observation stations (station 4 and station 5). However, it
can be seen that the damaged coral reefs have begun to
recover, with the emergence of young coral colonies in
several locations.
The main conservation measures within the living
habitat and coral reef development are preventive actions
against structured environmental damage (UNEP-WCMC,
2006). In addition, preventive action in the management of
marine conservation areas needs to be protected against
observation stations, especially in the development of
marine ecotourism for diving and snorkeling activities.
The existence of coral reefs with a high diversity of
coral fish species, especially those with a variety of colors
and forms, is of interest to marine tourism attraction.
Napoleon fish (C. undulates) is a species of Endangered
fish (Endangered/EN). Due to the low numbers of this
species found in natural habitats, it is protected by the
government and not widely traded (Appendix II). The
existence of this increasingly scarce fish can be an
attraction for tourists who want to see it directly in nature.
Based on the potential of reef fish, it is necessary to protect
the area through the limiting of fishing activities. Currently,
the area is still open access for fishing by the surrounding
community. Wabnitz et al. (2018), asserted that protection
of an area can minimize the loss of endemic fish species in
nature.
This requires intensive supervision through periodic
monitoring, increasing the number of personnel, involving
the surrounding community, and establishing regulations
related to the utilization of the area. Walters and Samways
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(2001) report that monitoring the impact of human
activities on coral reefs was needed to protect coral reef
ecosystems with a sustainable management approach.
Rhormens et al. (2017), asserted that continuous
environmental monitoring between partnerships and
stakeholders is essential in the management of marine
ecotourism.
Development of marine ecotourism based on suitability of
tourism and carrying capacity
To optimize the benefits of the area, we conducted a
tourism suitability analysis, especially for snorkeling and
diving (Table 4 and Table 5). The results indicated the area
was classified as 'Suitable' (S2), meaning that the
utilization zone can support snorkeling and diving
ecotourism activities. The results of the TSI on Marsegu
Island of Maluku were comparable to the results found by
Arif et al. (2013), which showed that the TSI of snorkeling
and diving in Lara Island in Southeast Sulawesi ranged
from 60 to 80%, and was classified in the "Suitable"
category (S2).
The recommended location for snorkeling and diving is
the northeast side of Marsegu Island, at station 1, station 2
and station 3. The highest coral cover percentage was at
station 2 with 80.12% and was dominated by hard coral
with coral reefs of 500-800 m in width. A total of 12
lifeforms and an average velocity of 16.7 m/sec further
support snorkeling and diving activities The low current
velocity is an ideal requirement for diving tours because
this directly relates to the comfort and safety of tourists
(Arifin et al. 2002). The physical condition of these waters
supports snorkeling and diving activities, so it can be done
in the west season (December to March) and the east
season (May to October).
On the western side to the south of Marsegu Island
(station 4, station 5 and station 6), the water transparency
was around 12 m and the coral reef range from 700 to 900
meters, but the high current velocity (averaging 25.23
m/sec) and presence of a rip current on the south side
indicate seasonal patterns need to be accounted for when
snorkeling and diving. Based on the results of this research,
all observation stations are suitable locations for marine
ecotourism activities, but must be well managed to prevent
damage to the coral reefs at the dive stations. Tratalos and
Austin (2001) asserted that excessive dive activity will
have an impact on coral damage, therefore the dive spots
need to be well managed. Wabnitz et al. (2018), asserted
that to keep the coral reef ecosystems sustainable, tourists
need to reduce direct contact with coral reefs and reef fish
consumption must be reduced by both tourists and local
communities.
Tourism area management needs to calculate the
carrying capacity of the area to prevent environmental
damage and environmental quality degradation. The
carrying capacity of the area is related to the ability of the
area to accommodate various tourist activities. Brander et
al. (2007), asserted that marine ecotourism should be
conducted within the limits of power, as it does not directly
correlate positively with coral reefs.

Figure 4. Comparison of number of tourist and area carrying
capacity for snorkeling and diving at Marsegu Island Nature
Tourism Park, Western Seram District, Maluku, Indonesia

Based on the tourist data from the last 2 years (20142015), it can be seen that the number of tourists visiting
Marsegu Island Nature Tourism Park averaged as many as
96 people per year. If based on the assumption of an
increase in the number of tourists as much as 7% for 10
years to come, the carrying capacity of snorkeling and
diving areas or the carrying capacity of the area will not be
exceeded, as presented in Figure 4.
Based on the graph in Figure 4, it can be seen that the
current number of active tourists has not exceeded its
carrying capacity, but to prevent over capacity and
degradation of marine environmental quality, a strategy for
marine ecotourism management needs to be completed and
implemented; including limiting the number of
divers/snorkelers per day, implementing boat moorings so
coral is not damaged by anchors, making sure tourism
operators brief divers/snorkellers not to touch, stand on, or
break the coral, ensuring the tour operator is the
organization responsible for the continuous monitoring of
marine ecotourism activities and protection of dive sites.
Currently, for marine ecotourism activities, the number of
tourists is still limited so there is no garbage or plastic
waste around the activity area, but the provision for places
of waste in the tourist locations must be implemented.
Overall, Marsegu Island Nature Tourism Park is suitable
for marine ecotourism, maintaining the sustainability of
coral reef and coral fish resources, and the conservation of
aquatic ecosystems.
In conclusion, potential coral reefs in Marsegu Island
consist of 45 species, 13 genera, and 14 families with coral
cover of 69.86%, classified under "Good" condition, and
including 12 coral lifeforms. There is an abundance of fish
species consisting of 146 species, 64 genera, and 21
families with 16 indicator fish species (these serve as an
indicator of the condition of coral reefs). The tourism
suitability index (TSI) for snorkeling and diving was
74.79% and 67.32% respectively. The carrying capacity of
snorkeling and diving was calculated as 4,092 persons/day
and 1,855 persons/day respectively. This demonstrates that
Marsegu Island Nature Tourism Park is "appropriate" for
marine ecotourism activities without exceeding the
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carrying capacity. A strategy for marine ecotourism
management needs to be completed, including elements
such as limiting the number of divers/snorkelers per day,
implementing boat moorings so coral is not damaged by
anchors, making sure tourism operators brief
divers/snorkellers not to touch, stand on, or break the coral,
and ensuring the tour operator is the organization
responsible for the continuous monitoring of marine
ecotourism activities and protection of dive sites.
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Abstract. Fathin AN, Ratnaningrum YWN. 2018. The differences in floral structures of three sandalwood variants in one of Gunung
Sewu (Indonesia) population, and their consequences on visitor diversity and visitation rate. Biodiversitas 19: 1097-1101. Sandalwood,
one of the most economically valuable endangered species, is native to the southeastern Indonesian islands, but it has recently occurred
as new landraces in Gunung Sewu, Java island. Our previous findings found three floral variants (YBF, refers to “yellow big flower”;
RBF, “red big flower”; and RSF, “red small flower”, respectively) of sandalwood landraces in Gunung Sewu. The differences in floral
structures among variants were also reported. In this study, we further analyzed these variant differences and their consequences on
visitor diversity and visitation rate in the Bleberan population, one of the most genetically diverse populations in Gunung Sewu
Geopark, in the 2016 flowering period. Floral visitor diversity, visitation rate, and pollination behavior were observed in each floral
variant. Visitor preference to a certain variant might be attributed to the differences in floral color and size. YBF was visited more by
coleopterans and hemipterans, while both RBF and RSF were visited more by hymenopterans. The dipterans and lepidopterans visited
both yellow and red flowers at a similar rate. The bigger flowers of RBF and YBF received more visits than RSF.
Keywords: Bleberan population, sandalwood floral variants, visitor diversity, visitation rate

INTRODUCTION
The components of floral traits, such as plant size, plant
age (Torres et al. 2002), floral structures (Herlihy and
Eckert 2005; Arroyo et al. 2006; da Cruz et al. 2006) and
the arrangement of sexual organs (da Cruz et al. 2006;
Ortigoza and Gomez 2009; Tamla et al. 2012), altogether
determine floral display within population. The differences
in this floral display components may have considerable
effects on the species of pollinators and pollinator
behavior, which in turn affect mating systems (Barrett et al.
2006), genetic diversity (Arroyo et al. 2006), reproductive
outputs (Wolf et al. 2001; Fernandez et al. 2009) and the
fitness of individuals (da Cruz et al. 2006) within a
population. Furthermore, these internal traits may exhibit
different responses to the environmental triggers (da Cruz
et al. 2006; Bertin 2008; del Cacho et al. 2013; Richardson
et al. 2013; Agullo et al. 2015).
A long term researches showed strong evidence that the
Outer Arc of Banda Islands, now the southeastern
Indonesian archipelago, is the center of origin of
sandalwood worldwide (Angadi et al. 1993; Harbaugh and
Baldwin 2007; Rao et al. 2007; da Silva et al. 2016). An
economically-important species, Santalum album Linn
(Santalaceae), herein after referred to as sandalwood,
produces heartwood containing 1.5 to 5% of β-santalol, a
strong, specific fragrance of oil, which has been widely
used for wood carving, art, religious and medicinal

purposes. Its oil is the material of cosmetics, prime source
for perfumes and aroma-therapy, and is thought to contain
anti-melanoma compounds (Rao et al. 2007; da Silva et al.
2016). Australia, India, and Indonesia were previously
among the main exporters of sandalwood's wood and oil
(Angadi 1993; Rao et al. 2007), but the population of this
species has declined rapidly within the last three decades
(Angadi et al. 1993; Suma and Balasundaran 2003;
Rughkla et al. 2006; Rao et al. 2007; Dani et al. 2011;
Indrioko and Ratnaningrum 2015; da Silva et al. 2016), and
since 2004, Indonesia no longer participates in the worlds’
trade of sandalwood (MoF 2012). Considering the
significant habitat degradation and loss, this species was
first listed as vulnerable in the IUCN Red List of
Endangered Species in 1994 (IUCN 1994); in addition, it is
protected by national law (MoF 2012; Indrioko and
Ratnaningrum 2015). Since the habitat loss has
dramatically increased within less than a decade, the
vulnerable status might be raised to endangered or even
critically endangered (IUCN 2009). It is even considered
extinct in the wild in most of its native habitat in
southeastern Indonesian islands (MoF 2012; Indrioko and
Ratnaningrum 2015).
While a significant population decline is happening in
their native habitat in the southeastern Indonesian islands,
new landraces of sandalwood have emerged in Gunung
Sewu Geopark, a 1300 km2 mountainous limestone zones
in the central part of Java island (Ratnaningrum et al. 2015,
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2017). Considering the rapid population decline in their
origin, the occurrence of these new landraces sounds
promising for any reintroduction and rehabilitation efforts.
Sandalwood in Gunung Sewu spreads along geographical
gradients under various types of landscapes. Out of nine
populations observed, Bleberan possesses the highest
genetic diversity, and therefore put under consideration for
the center of germplasms in the future (Ratnaningrum et al.
2015). Our preliminary studies reported that each
population in Gunung Sewu consisted of at least three
sandal variants (YBF, refers to “yellow big flower”; RBF,
“red big flower”; and RSF, “red small flower”,
respectively) distinguished by floral structures and
longevity. These variant differences were considered to be
under genetic controls (Ratnaningrum et al. 2017). Our
previous studies also found evidence of mating constraints,
since some populations failed to produce mature fruits
(Indrioko and Ratnaningrum 2015). Many other studies in
sandalwood showed evidence that differences in floral
structures affect the mating systems, which in turn result in
different pollination success (Sindhu-Vereendra and
Anantha-Padmanabha 1996; Suma and Balasundaran 2003;
Rughkla et al. 2006; Tamla et al. 2012; Ratnaningrum and
Indrioko 2015). Furthermore, such differences in floral
sexual organs may affect pollination processes which in
turn result in mating incompatibility, as reported for S.
album in India (Rughkla et al. 2006; Suma and
Balasundaran 2003), S. album, S. lanceolatum and S.
spicatum in Western Australia (Tamla et al. 2012) and S.
lanceolatum in Victoria Australia (Warburton et al. 2000).
This study compared floral variants of sandalwood and
their effects on pollination activities, in Bleberan
population of Gunung Sewu Geopark, in the 2016
flowering period.
MATERIALS AND METHODS
Study site
Bleberan (150-170 m asl.) is a part of Wonosari Basin
Formation in the Middle Zone of Gunung Sewu, Southern
part of Java Island, Indonesia. Recently it exists as the
catchment area of the ancient subterranean Oya River at the
lowland basin landscapes, represents the tropical lowland
ecosystems, in the intermediate between Aw and Am types.
The population of sandalwood is located in a basin area
that receives abundant rainfall (2346 mm annually in 2 to 6
rainy months). Therefore, it possesses the intermediate of
Am and Aw climatic types with high temperature (34.37°C)
and light intensity, having relatively high soil moisture
(27.33%) and relative humidity (58.36%). The soils are the
association of red mediterrans and black grumusols with
limestone rocks, mostly with the deep solum. Sandalwood
was first documented in the 1970s along the riparian area
of the ancient subterranean Oya River, at the lowland basin
of middle zone. Recently, sandalwood occupies more than
52 ha land, along with the riparian area and nearby, in
association with the tropical lowland forest which is
composed of diverse species, including teak, mahogany,
Gliricidia sp, Schleichera sp, cajuput and acacia. The

population is surrounded by several ex situ conservation
areas which share the same river.
Study species
Our preliminary study divided sandalwood in Gunung
Sewu into three variants (YBF, refers to “yellow big
flower”; RBF, “red big flower”; and RSF, “red small
flower”, respectively), distinguished by their floral traits,
with regard to the floral color, structures, arrangements and
the longevity of sexual organs (Figure 1). The RSF and
RBF are dominated by red and maroon colors, while YBF
is more yellowish to orange. The RBF and YBF have
bigger perigonium, longer size of sexual organs with
similar/lower position of stylus to the stamens, and possess
shorter longevity. RSF flowers are smaller, stylus is
similar/higher than the anthers, and have greater longevity.
In our preliminary study, sandalwood flowered twice a year
in all of sites and variants, however the onset and duration
varied. YBF flowered earliest while RBF was the latest.
RSF possessed the longest flowering period. Flowering and
floral structure differences among variants were considered
to be under genetic controls, while the variation among
sites was affected more by environmental differences.
Flowering varied among sites due to the altitude, edaphic
and climatic differences. Sandalwood in lower altitude,
drier and warmer sites flowered earlier and shorter (more
detailed data on floral structures, sexual organs longevity
and flowering phenology of these three variants are
available at Ratnaningrum et al. 2017).
Pollinators and pollination observation
Observation was carried out over 60 hours, spread
across a peak flowering period in the dry season of 2016.
Pollinator activities were quantified, whereby independent
observers simultaneously monitored visitation at nine
points, with three flowering trees per point (total N = 3
points x 3 variants x 3 flowering trees = 27 trees), for a
period of 12 hours per day (started from 05: 00 am to 05:
00 pm), over a total of five days of the peak flowering
period (Machado and Sazima 2008; Borges et al. 2009).
For this pollinator observation purpose, the total number of
single flowers referred to the sum of all flowers produced
by the nine sampled trees of each variant at each site. The
type and abundance of flower visitors were recorded.
Visitation rate, which referred to the number of visits per
given time period (da Cruz et al. 2006), was measured for
each type of flower visitors. The visiting insects were
captured for pollen load observation and dry mounted for
identification in the Entomological Laboratory, Faculty of
Agriculture, Universitas Gadjah Mada.
RESULTS AND DISCUSSION
Results
Visitor preference varied with floral variants, which
might be attributed to the differences in floral color and
size. Visitation in the yellow flowers of YBF variant was
dominated by coleopterans and hemipterans, while the red
flowers of both RBF and RSF were visited more by
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(Papillionidae, Nymphalidae, and Pieridae) preferred to
visit the red flowers of RBF and RSF. All six families of
Hymenopterans (Figure 2.D) preferred to visit the red
flowers with bigger size, RBF. In contrast, all four families
of Coleopterans (Figure 2.E), as well as the four families of
Hemipterans (Figure 2.F), preferred the yellow flowers of
YBF. All four families of Dipterans made similar visits to
both RBF and YBF, but the visitation was less in RSF
(Figure 2.B).

hymenopterans. The dipterans and lepidopterans visited
both yellow and red flowers in a similar visitation rate. The
bigger flowers of RBF and YBF received more visits than
RSF, the smaller ones (Figure 2.A).
Visitor preference was thought to be determined by the
floral structures and colors. The yellow flowers of YBF
variant were visited more by Lepidopterans belonging to
the moth groups: Arctiidae, Hesperiidae, and Noctuiidae. In
contrast, Lepidopterans belonging to the butterflies groups

A
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Figure 1. Three sandalwood floral variants in Gunung Sewu, Midden Java, Indonesia: A. YBF, refers to “yellow big flower”; B. RBF,
“red big flower”; C. RSF, “red small flower”
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F

Figure 2. The visitor diversity at the Order (A) level, and at the family levels within the Order of Dipterans (B), Lepidopterans (C),
Hymenopterans (D), Coleopterans (E) and Hemipterans (F), respectively, in three sandalwood variants in Bleberan population, Gunung
Sewu, Southern Java, Indonesia
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Discussion
Visitor preference to certain floral variants might be
attributed to the differences in floral color and size.
Visitation in the yellow flowers of YBF variant was
dominated by coleopterans and hemipterans, while the red
flowers of both RBF and RSF were visited more by
hymenopterans.
Meanwhile,
the
dipterans
and
lepidopterans visited both yellow and red flowers in a
similar visitation rate. The bigger flowers of RBF and YBF
received more visits than RSF, the smaller ones. Many
similar works also consider that the visitation of different
visitors within the same plant species is related to their
preference to visit a certain floral color. The bees are
attracted by the white and blue colors and prefer to visit the
flowers with the "fresh and not-very-strong odor”; while
most of Lepidopterans prefer the brighter color such as red
and bright-yellow (Jones and Little 1983; Griffin and
Sedgley 1989; Ghazoul 1997). Purple flowers are widely
thought to be a feature of the bee-pollination, while the
paler color, such as yellow and white, attract the dipterans
(Ortigoza and Gomez 2009). The visitor selection of
flowers may be determined by sight, but the decision to
visit is determined more by odor. These color and odor are
used by insects as a cue to the availability of rewards
(Jones and Little 1983).
As was reported in this study, many types of research
also found different floral colors in the same plant species,
which consequentially result in the different pollinator
diversity and abundance. A very similar finding to this
study was reported with Erysimum species in Sierra
Nevada, Spain, in which the bees preferred the purple
flowers, and ignored the yellow ones which were visited
more by flies (Ortigoza and Gomez 2009). The purple
flowers of Cirsium palustre were visited by bumblebee
Bombus lapponicus, while white flowers were visited more
by moths and flies. Same findings were also reported with
Raphanus raphanistrum whose yellowish purple flowers
were visited by Bombus spp, while flies and moths
preferred the white ones (Jones and Little 1983).
Several researchers compiled observation results on the
differences of visitors among the different floral color and
rewards availability (Jones and Little 1983). The
Hymenopteran Anthophora pilipes (Anthophoridae)
intensively visit the pink flowers of Pulmonaria officinalis
(Boraginaceae) but ignores the blue ones. The blue flowers
are visited more often in Mertensia (Boraginaceae) and
Oxytropis (Fabaceae). The bumblebees (Bombus sp) ignore
the
red
flowers
of
Aesculus
hipocastanum
(Hippocastanaceae) and prefer the bright-yellow ones. The
Dipteran Eristalis tenax prefers pale off-white Senecio
jacobaea flowers and avoids the dark brown ones. In
Solidago spathulata, visitation of Dipterans is mostly
occurred when the corolla is purple, indicating the
availability of nectars and pollen. In Lantana spp in
Brazilia and Calcutta, Lepidopterans prefer to visit yellow
and orange flowers providing abundant nectars, and
completely ignore the dark purple ones. In Leavenworthia
crassa, honeybees favor yellow flowers while flies prefer
only the off-white ones.

As was also reported in this study, sandal flowers have
evolved both spatial-and temporal-separation of sexes, such
a mechanism to separate reproductive structures in order to
prevent inbreeding. Temporal separation of sexes is
exhibited by dichogamous-protandrous mechanism which
separates the timing of sexual organs maturity (SindhuVereendra and Anantha-Padmanabha 1996; Suma and
Balasundaran 2003; Rughkla et al. 2006; Tamla et al. 2012;
Ratnaningrum and Indrioko 2014; Ratnaningrum et al.
2016, 2017). In addition, spatial separation of sexes is
possessed by heterostylous and heteranthery type of
flowers, such a positional difference of anthers relative to
the stigmatic level. In case of S. album flowers, some
individuals produce flowers with style at, or slightly below,
the level of the top of the anthers, while some other
individuals possess higher style than the anthers (SindhuVereendra and Anantha-Padmanabha 1996; Rughkla et al.
2006; Tamla et al. 2012; Ratnaningrum and Indrioko 2014;
Ratnaningrum et al. 2017).
Size of corolla, length of filament and anthers position
are positively correlated with the intensity of pollen
transferred. Hence the heterostylous and heteranthery
flowers tend to be more outcrosser. The differences in the
size of reproductive structures on twenty-five biotically
pollinated plants of the Chaco Serrano Forest, Argentina,
resulted in the differences of reproductive outputs; in which
the smaller and heterostylous flowers tended to produce
more seeds (Fernandez et al. 2009). The mating systems of
narrow endemic Anthirrhinum microphyllum are also
strongly related to the characters of sexual organs, in which
smaller and heterostylous flowers are more outcrosser
(Torres et al. 2002). Other studies reported reproductive
failure in Ipomea aggregata, which could be attributed
more to the mechanical barrier of pollination due to the
difference in stylus length (Wolf et al. 2001). More studies
are needed to reveal the differences in reproductive outputs
in sandalwood as a result of the differences in size and
structures of sexual organs.
In conclusion, visitor preference varied with the floral
variants, which might be attributed to the differences in
floral color and size. Visitation in the yellow flowers of
YBF was dominated by coleopterans and hemipterans,
while the red flowers of both RBF and RSF were visited
more by hymenopterans. Meanwhile, the dipterans and
lepidopterans visited both yellow and red flowers in a
similar visitation rate. The bigger flowers of RBF and YBF
received more visits than RSF, the smaller ones.
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Abstract. Wulandari C, Bintoro A, Rusita, Santoso T, Duryat, Kaskoyo H, Erwin, Budiono P. 2018. Community forestry adoption based
on multipurpose tree species diversity towards to sustainable forest management in ICEF of University of Lampung, Indonesia.
Biodiversitas 19: 1102-1109. Integrated Conservation Education Forest (ICEF) of University of Lampung (Unila) at Wan Abdul
Rachman (WAR) Forest Park is a conservation forest which should be free from any kinds of human activities. In fact, more than 75%
the area has been managed by community hence there is a need for management strategy through Community Forestry (CF). It is known
that there are a lot of Multipurpose Tree Species (MPTS) that can be utilized for the community’s daily life. The research’s objectives
are to analyze the ability of the community to adopt CF scheme, to calculate the diversity index of MPTS and level of Skill Knowledge
Attitude (SKA) and to determine the correlation variables to sustainable CF. This study used Shannon-Wiener diversity index, analysis
of SKA level and regression analysis for adoption level. The results of this study noted that at the research site has diversity index 0.115
and 74.29% of plants are MPTS. Based on the data analysis, 168 respondents [89%] agree to adopt CF scheme and level of their SKA is
moderate therefore needs to increase this level towards to forest sustainability. There are three variables of community forestry adoption
toward to sustainable forest management at ICEF: number of trees species, the volume of forest products that would be sold, and roles
of extension education.
Keywords: Adoption, community forestry, multipurpose, skill knowledge, tree species

INTRODUCTION
Three countries in Southeast Asia namely Malaysia,
Philippines, and Indonesia are the megadiversity countries.
The biodiversity in the region has been severely threatened
due to deforestation, forest conversion, climate change, and
invasive species. This condition would be the driving force
behind the ecological, social and economic changes in a
landscape and then become the problems that the world has
to face. As the cause of losing biodiversity is blamed on the
forest dwellers due to their continuous dependence on the
availability of forest resources for the fulfillment of daily
needs (Baliton et al. 2017). In Indonesia, biodiversity is lots
found in including Forest Park that has the biodiversity
value must be maintained its existence, one of which is
Wan Abdul Rachman (WAR) Forest Park, Lampung,
Indonesia. According to Wulandari et al. (2014), the
condition of WAR Forest Park is now changing from the
original characteristics because 52.2% land is managed by
surrounding communities even though only 49% are
classified as agricultural areas. That area of 1,143 ha of the
total area 22,249.43 ha of WAR Forest Park is the
Integrated Conservation Education Forest (ICEF) mandated
to University of Lampung (Unila).

Based on the national policies, i.e. Laws Number 41 the
Year 1999 about Forestry and Laws Number 5 the Year
1990 about Biodiversity and Its Ecosystem, it is forbidden
to let any area of conservation forest being interrupted.
Nonetheless, it turns out that factually over 75% of 1,143
Ha this location has been managed by the community. This
situation occurs because 7 villages with a population
density surround ICEF is high due to population rate 2.12.5% per year (Wulandari et al. 2014). Since the
community has managed more than 50% of the forest in
ICEF, there is the urgency to prepare a proper strategy
hence the forest destruction can be minimized (Wulandari
et al. 2014).
Unila who is responsible for the management must also
consider the existence of these communities, especially
their daily needs to be fulfilled. In general, Multipurpose
Tree Species (MPTS) can be found in the field and it can
be used to fulfill the local people’s daily needs. Wulandari
et al. (2014) stated that WAR Forest Park were occupied
for daily needs community planted MPTS which have good
economic value. In Bangladesh, agrobiodiversity in
protection and conservation forests is essential not only for
environmental sustainability but it also as supplements the
local livelihood (Baul et al. 2015). In Indonesia, although
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the surrounding communities need forest products of
conservation areas, they are only allowed to consume NonTimber Forest Products (NTFP). Approached by CF
program method means that the community is given the
rights to manage the forest, but not including cutting down
the timber. During this time, the local community
maintains the forest based on their SKA which means that
they nurse various kinds of MPTS plants in ICEF forest.
Skill, knowledge, and attitudes are formed as a part of
individuals or communities perceptions and experiences
that can change their values and thoughts and improve their
overall welfare including through the management and
conservation of forest resources (Farouque et al. 2017).
Integrated of those skills, knowledge, and attitude can be
called as competence, and assumed to be prerequisite for
adequate function in the succeeding of such a program or
job (Baartman and de Bruijn 2011).
However, the real condition in the field remains
unknown. There is no determine the real motives yet from
communities in adopting the CF program, whether it is
purely because of their willingness or because of the
existing law under Ministry of Environment and Forestry
Decree Number P.83/2016 on Social Forestry or others
reason. Therefore variables that may affect the CF program
in ICEF are also necessary to be discovered to unfold the
unanswered questions and towards to sustainable forest
management. Based on these reasons, then this research in
ICEF is conducted: (i) to determine the diversity of MPTS,
(ii) to analyze adoption level of community to joint CF
based on their skill, knowledge, and attitude, and (iii) to
examine significant variables on CF that implemented in
ICEF.
MATERIALS AND METHODS
Study area
The study was conducted in the Utilization Block of
Wan Abdul Rachman Forest Park, Gunung Betung,
Pesawaran District, Lampung Province, Indonesia (Figure
1.) from November 2015 to February 2016 and August
2017.
Procedures
Tools and Materials. The tools were used in the
research is Garmin Global Positioning System (GPS), tally
sheet, camera, tape measure, plastic rope, stationery and
questionnaires. While the object of the research is the
vegetation found in the Education Forest utilization block
of Tahura Wan Abdul Rachman.
Data collection. The type of data collection consists of
primary data. Primary data is data derived from the original
or first source, not in the form of files but through the
interviewees that used as a means of obtaining information
or data or through direct measurement in the field
(Sugiyono 2012). Primary data species diversity has taken
through pivot line method. The other primary data are data
from the respondents to know the SKA as the basis to
analyzes adoption level through questionnaires. Secondary
Data. Secondary data is data source which indirectly
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provides data to the data collector (Sugiyono 2012).
Secondary data taken include the general condition of
research location, the physical condition of the
environment, and socioeconomic condition of the
community in general. Sources of the secondary data are
from previous research and Badan Pusat Statistik (BPS) of
Lampung Province year 2016. Figure 2 described that
research framework.
Method of data retrieval
Data to support the CF adoption level analysis
Respondents gathered. Initial step to find out the
adoption level is select respondents. To better understand a
population’s behavior, the Slovin formula was occupied to
determine appropriate sample size. The number obtained
from the sample in this research was 198HH. This is
computed (Wulandari and Inoue 2018) as: n = N / (1+Ne2),
where: n = no. of samples, N = total population and e =
error tolerance. Based on the calculation of the total
number of community living surrounding the education
forest then the number of respondents to be taken is 198
peoples. Sample determination in field done by random
sampling.
Questionnaires validity. Data processing in this study
started with validity test and reliability test of research
instrument or the questionnaire used (Sugiyono 2012).
Validity test in this research is assisted by data processing
program SPSS version 16 for windows using Product
Moment Correlation formula (Pearson) and Corrected Item
Total Correlation, while the reliability test is using
Cronbach's Alpha formula (Tavakol and Dennick 2011). It
is known that all questions in the questionnaire have the
greater value than the r table value, it means that all
questions in the questionnaire are valid to use in this study.
This research has the Cronbach's Alpha value (correlation
index = r) of 0.693, means that it has a high-reliability
value because it lies between 0.600-0.799. Noted that the
classification of reliabilities is as follows: 0.800 to 1,000 =
very high, 0.600 to 0.799 = high, 0.400 to 0.599 = high
enough, 0.200 to 0.399 = low, and 0.000 to 0.199 = very
Low (not reliable).
Analysis of adoption and SKA levels. There are five
questions to reveal the motives of local people in adopting
CF program. For the local people’s SKA, the
questionnaires consist of 10 items for each S, K, and A.
Each item has three options of the answer. Meanwhile, for
revealing the local people motive questionnaire, it starts
with general inquiries-such as whether they are willing to
join CF or not, the background of their decision, and how
they can suggest implementing the related policies about
CF program. After that, the questions ask more specific
issues regarding SKA, such as the level of preference of
local people about MPTS plant species, the way they want
to nurture the MPTS plants in their surroundings, their
knowledge about a suitable place to grow the plants, and
production of the MPTS plants.
When the questionnaires are filled, the data were
processed. The results of adoption level are obtained by
calculating the data descriptively and the results are shown
in a percentage format. Then, for the SKA level, the
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obtained results are categorized into several groups (Amir
2016): 1-30 as low, 31-60 as medium, and 61-90 as high.
The understanding that SKA level can impact to the
adopting degree of land or forest management is also used
by Ebifa-Othieno et al. (2017) and Nordlund and Westin
(2011) when they did a study in Eastern Uganda and Sweden.
Shanon-Weiner diversity index analysis
The direct observation technique to know the species
diversity begins with the plotting of rectangles using the
method of pivot line (Erwin et al. 2016). The determination
of plot starting point is done randomly (random sampling),

and the next plot is done systematically. Area of utilization
block education forest of WAR Forest Park is 549,76 ha;
with standard deviation 27.1 t c/ha, obtained sample area of
21,9904 ha so that the number of sample plot is 19 plots.
The distance between lines is 100 meter and the distance
between plots is 50 meter. In the square plots, the data
taken is the stands at the tree level in the 20x20 m2 plot, at
the pole level in the 10x10 m2 plot, the sapling in 5x5 m2
plot and the regeneration or seedling, herb, shrub, liana or
epiphytes in the 2 x 2m2 plot size (Condit 2008). Figure 3.
The design of pivot line method used for research.

Figure 1. Location of Integrated Conservation Education Forest of the University of Lampung (Unila) of Wan Abdul Rachman Forest
Park, Gunung Betung, Pesawaran District, Lampung Province, Indonesia
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Integrated Conservation Education
Forest (ICEF) University of Lampung

Protection block
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Correlated variables
to ICEF sustainability

Social forestry block

Description and
regression analysis

Occupied by community

Multi Purpose Tree
Species (MPTS)

Level of SKA &
CBFM adoption

Diversity index

Figure 2. Research framework on CF Adoption and SKA levels in ICEF WAR Forest Park

Direction

Direction

50 m

50 m

this regression analysis, i.e., Y = a +bX where X is the
explanatory variable/s and Y is the dependent
variable. There are tested variables namely number of trees
(X1), the volume of forest products to be sold (X2),
providing economic motivations by managers for forest’s
community (X3), using of courses result (X4), management
experiences (X5) and extension role (X6) in creating
positive attitudes.
Diversity Index of MPTS
The measures of biodiversity were obtained using the
Shannon-Wiener Diversity Index (H) (Kimaro and
Lulandala 2013) calculated using formula as follows:

100 m
Figure 3. Design of pivot line

Data analysis
Analysis of SKA level
From each question group of S, K, A, 10 comes up with
the lowest score, which resulting 30 as the lowest total
score (Amir 2016). If all respondents answered the
questions with ‘3’ as the score, the total score would be 90.
Therefore, 10-30 will be categorized as low, 31-60:
moderate and 61-90: high. In this research, the
questionnaire results yield 53 as a score for Skill, 45 for
Knowledge, and 55 for Attitudes. Thus, it can be calculated
that the SKA total score is 153 and the average is 51
(moderate).
Regression analysis of adoption variables
The regression analysis is used to discover which
variables that are related to sustainable CF. The equation of

S

H = ∑-(Pi * ln Pi)
I=1

The Pielou’s Evenness Index (J) was calculated using
formula (Baliton et al. 2017):
H
J = ---------ln S
Note: The power to which the base e (e = 2.718281828
..) must be raised to obtain a number is called the natural
logarithm (ln) of the number.
The index was calculated by dividing the number of
individuals of each species found in the sample by the total
number of all species (represented by P), multiplied by the
fraction of its natural log (P1 * ln P1). This procedure was
repeated for all of the different species. The sum of all the
(P1 * ln P1) represents the value of H. Physical evidence of

B I O DI VE RS I T A S 19 (3): 1102-1109, May 2018

1106

the movement of wildlife in the agroforestry matrix were
noted in terms of frequency, duration, and kind of species.
Where:
H : Shannon-Wiener diversity index
J : Pielou’s Evenness Index
Pi : Fraction of the entire population made up of
species i
S : Total numbers of species encountered
∑ : Sum from species 1 to species S
Diversity index (H’) as follows:
H’<1 : Low
1<H’≤3 : Moderate
H’>3 : High
RESULTS AND DISCUSSION
Characteristic of respondents
Based on the respondent characteristics throughout the
research, it is known that the majority respondents’ age
ranges from 31-45 years old (58%) and their primary job is
farming (96%)(Figure 4). Based on this data, it is logical to
think that the local people in the research field have the
willingness to adopt the CF program because the majority
of their professions are farmers. From most of the
respondents who are farmers shows that they need forest
sustainability since they depend their lives on the forest
products. The similar condition also occurs in Sarawak,
Malaysia where the majority of its people lives to depend
on the forest product hence their forest remains sustain
(Nelson et al. 2015). According to Wiernik et al. (2013), a
high percentage of young respondents is predicted to
guarantee the existence of SFM more because they have an

> US$ 500, 29.29%
US$200-500, 65.15%

ideal on environmental values, concern, and awareness,
also have positive pro-environmental behaviors.
Diversity index
The diversity of vegetation in the social forestry block
of ICEF can be determined by looking at the stands
composition that is the species and number of vegetation
that built stands in the forest. Based on the results of the
research, it is known that there are 35 species consists of
understories plants, seedling phase, sapling, poles, and
trees. Based on Shanon Diversity Index analysis found that
in the social forestry block in ICEF there are 1010 plants
consists of 258 trees, 138 poles, 203 sapling, 103 seedlings
and 318 understories plants. This result indicates that there
are differences in the structure and composition of certain
species that are missing or dead and there are also new
species appears in the social forestry block area of ICEF.
Out of 35 species, majority or 26 species have known as
MPTS (Table 1.). Avocado (Persea americana), dadap
(Erythrina variegata), cashew (Anacardium occidentale),
jengkol (Archidendron pauciflorum), kemiri (Aleurites
moluccana), harp (Sandoricum koetjape), walnut (Junglas
regia), petai (Parkia speciosa), and forest rambutan
(Nephelium lappaceum) are the species that have decreased
in number in their growth phase. Those species are not
found in the sapling and seedling phase, so it is suspected
that these species are lost or exhausted. In contrast, species
found in both sapling and seedling phase are thought to
grow and form new communities, such as durian (Durio
zibethinus), cocoa (Theobroma cacao), rubber (Hevea
brasiliensis), and coffee (Coffea canephora) species. The
occurrence of differences in structure and composition of
vegetation in a forest area such as in national park in a
certain period are caused by natural factors or human
destruction (Kimaro and Lulandala 2013).

Male, 59.60%
Female, 40.40%

< US$ 200, 5.56%

Married, 88.89%
Single, 11.11%

Non Farming, 4.04%
Farming, 95.96%

> 6 members, 0.00%
4-6 members, 46.46%
1-3 members, 53.54%

16-30 years old, 11.11%
31-45 years old, 58.08%
46-60 years old, 29.29%
> 60 years old, 1.52%

Figure 4. Respondents characteristic for community forestry adoption research
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Table 1. Number of plants and its location in research plots
Name
Avocado
Areca
Arenga
Banana
Bamboo
Bratanila
Canarium
Candlenut
Kapok
Cinnamomum
Clove
Cocoa
Coffee Robusta
Dadap
Durian
Gnemon
Harp
Indonesia rosewood
Jampangan
Jengkol
Mantangan
Mango
Mangosteen
Michelia
Nutmeg
Pakis
Pepper
Petai
Rambutan hutan
Rose apple
Rubber
Rumput jagungan
Taro
Vanilla
Walnut
Total

Scientific name
Persea americana Mill.
Areca catechu L.
Arenga pinnata (Wurmb) Merr.
Musa paradisiaca Linn.
Bambuseae spp. Kunth ex Dumort.
Brachiaria decumbens Stapf.
Canarium vulgare Leenh.
Aleurites moluccana Wild.
Ceiba petandra (L.) Gaertn.
Cinnamomum burmanii Ness.
Syzygium aromaticum L. Perry
Theobroma cacao L.
Coffee canephora Pierre.
Erythrina variegata L.
Durio zibethinus Murr.
Gnetum gnemon L.
Sandoricum koetjape Merr.
Dalbergia latifolia Roxb.
Eleusine indica (L.) Gaertn.
Pithecellobium lobatum Benth.
Borreria alata L.
Mangifera indica L.
Garcinia mangostana L.
Michelia champaca L.
Myristica fragrans Houtt.
Polypodiopsida spp. Chris.
Piper nigrum L.
Parkia speciosa Hassk.
Nephelium juglandifolium Bl.
Eugenia aquea Burm.F
Hevea bracilliaencis Muell Arg.
Cynodon esculenta L.
Colocasia esculenta (L) Schott.
Vanilla planifolia Andrew.
Junglas regia L.

Founded at plot number
Amount
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
8
12
29
47
8
48
7
4
27
5
13
74
81
43
56
23
26
11
76
13
17
7
27
5
4
49
7
15
7
3
169
58
9
4
18
1010

Understorey plants species are the most common
species in the research sites, because these species are
species of wild plants that can live quickly in various
conditions of growing place. Besides, it also caused by old
trees which fall and die in the social forestry block, so that
the canopy is open and allows the sunlight to touch down
the bottom layer and turns the depressed seedling to be
growing well (Erwin et al. 2017). According to Yang et al.
(2014) changes in a plants population always occur due to
competition and mastery in the growing place. Any change
in the social forestry block will have a process that turns
out to a state of equilibrium of plants population.
Therefore, it is necessary to involve the community in
preserving the forest, which can be done with CF joint
program. The CF program allows the community for using
the non-timber forest products, and enrichment species by
planting the wood trees.
In ICEF, the changes are due to human factor
(Wulandari et al. 2014) because the community has been
cultivating the land since the year of 1990’ as revealed by

74% or 147 respondents such as mentioned by one of the
respondents as follows: Our grandmother came from West
Java and has been living here since the forest is still quite
dense around 70's and many MPTS plants that can be
harnessed to fulfill people’s daily needs.
According to Yang et al. (2014), changes in vegetation
that occur continuously due to the missing or dead of
certain species and there are new species appear, and then
the old population will be replaced by the new population.
Its hoped species diversity of MPTS will not decrease and
all community’s need will be fulfilled. The calculation
result of total vegetation diversity value in Social Forestry
block is 0.115. It means that it has a moderate diversity so
that the species enrichment still needs to be done.
The SKA level
Based on the observation, noted that 26 species of total
35 species dominated in the social forestry block is MPTS
that cultivated by community due to economic value (17
species) and 9 species of them has high demand by market,
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i.e., avocado, durian, jengkol, cocoa, petai, rubber, kemiri,
cashew and, coffee. This result supports Wulandari et al.
(2014) which states that farmers selecting the plants species
for agroforestry land they manage based on the economic
value of the plant and the commercial capability.
Rubber is a common and dominant species as MPTS .
This is assumed because the area has a reasonable level of
conformity to the rubber growing place. The area planted
with rubber species is the cultivated land of the community.
Wulandari et al. (2014) stated that the dominant species
in ICEF is rubber. This plant is selected by the community
because it is considered economically more profitable and
suitable to be planted at various altitudes. Therefore, rubber
species dominate and become competitors for other
species. As Chalmandrier et al. (2015) points out, the
dominant species have a higher level of conformity to
growing places (adaptability) and better competition power
compared to other species in the land. The similarity is in
Niger, it can be seen in the field that the majority of
existing plants is MPTS and can be utilized by the
community to meet their daily needs (Luedeling et al.
2016). Under these conditions then it would be possible to
develop CF in Indonesia as it happens in Niger.
Community usually eliminates tree species that has no
economic value. Farmers will replace with tree species that
have commercial value for non-timber forest products
(NTFPs). It is expected that the species diversity will not
be decreased, as well as kinds/types of MPTS so that the
community needs will always be fulfilled.
The community’s knowledge about the economic value
of a species usually based on their SKA. According to
Firdaus (2017), understanding of economic theory will
influence knowledge and skill of community’
entrepreneurship. Nordlund and Westin (2011) and EbifaOthieno et al. (2017), SKA also affects their mindset about
how to nurse and manage a species, including its products
and how to sell them in the market. In this research, the
result analysis shows a medium level with 153 and 51 as
the SKA total score and average consecutively. This result
resembles a situation in Jember (East Java), Eastern
Uganda and Sweden where the SKA level of the
community in managing MPTS based on the plant
diversity.
The adoption level and correlated variables of CF
Based on the government regulation of Ministry of
Forestry and Environment no. 83/2016 on PS then CF
scheme that can be developed in the ICEF is Conservation
Partnership program. If the government would implement
this scheme, there are 89% of respondents agree, and rest
of them (11%) do not have land tillage inside forest,
therefore, they said abstain. The respondents also had some
suggestions on the implementation of conservation
partnerships, of which 72% said they were allowed to make
regeneration of coffee and cacao crops, and 63% asked for
an explicit benefit sharing, 90% requested an agreement
agreed upon by both parties, and as many as 77% decided
if in the implementation of conservation partnership also
carry out environmental services scheme of water
utilization and ecotourism development. The high rate of

agreement from the community to adopt CF program in
maintaining their forest (89%) makes it feasible to
implement this scheme.
A forest community is very essential for the community
because it is an area of water system regulatory and soil
fertility, life support, germ plasma resources, and as a food
provider/contributor. Therefore, in forest management
always pay attention to the preservation of its function.
This condition is very important in supporting life and
welfare of the community. Utilization of forest that has
been managed and inhabited by the community must be
done by utilizing the land in CF by planting multipurpose
trees or MPTS that have economic value (Luedeling et al.
2016)). While the species suggested are rubber which is the
most dominant species, and durian, candlenut, cocoa,
clove, and coffee.
Based on this condition, then it is required an accurate
implementation strategy in ICEF. Accuracy is necessary
because there is a tendency that this forest will become
homogeneous or monoculture because the diversity at
various growth phases is moderate and adoption level to
CF is also moderate. After that, the regression analysis was
done to variables that affect the strategy-making of
developing sustainable forest. According to Dehyouri et al.
(2011) and Wulandari and Inoue (2018), it is known that
economic motivation, understanding of conservation,
training result usage, and experience of forest management
and extension roles are related to SFM. This research also
has the similar results, where some variables are associated
with the condition of a sustainable forest after being
analyzed with regression. Result of regression analysis as
follows: Y=101.025 + 89.910X1+ 93.322 X2 + 80.060 X3 +
69.347 X4 + 83.692 X5 + 87.497 X6 (F value = 85.075).
Those variables are the number of trees (X1), the volume of
forest products that will be sold (X2), providing economic
motivations by managers for forest’s community (X3),
using of courses result (X4), management experiences (X5)
and extension role in creating positive attitudes (X6). All
variables that obtained from regression analysis show
positive. Its meant that X1 to X6 variables are all influential
and can make the sustainability of forest more guaranteed.
According to Dehyouri et al. (2011), all of those positive
variables will have the positive impact on the improvement
of sustainable forest management. Specifically for this
research, the significant variables to SFM that have to be
considered properly in CF work plan development are the
number of trees species, the volume of forest products that
would be sold, and roles of extension education. Based on
those three significant variables, there should be, at least
89.910 ~ 90 trees, 93.322 tonnes of forest products can be
harvested and 87.497 ~ 87 person of extension education
staff to manage WAR forest park toward to guarantee 1
hectare of SFM will be achieved.
Majority plant species are 26 species of 35 total existing
species is MPTS and used by the community who can
support the implementation of conservation partnership
scheme as one of the CF schemes by following the
prevailing policies. The success of CF program could be
achieved because 89% of respondents agreed to adopted
the CF and conserved the forest. They have moderate levels
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of MPTS diversity and SKA for managing the MPTS
diversity. Those two substances should be considered on
managing the ICEF. Based on regression analysis, the
attempts to improve the levels can be made based on three
correlated variables towards to sustainable forest
management, i.e., the number of trees species, the volume
of forest products that would be sold and roles of extension
education. Sustainable forest management through CF
programs will bring positive impacts to ICEF functions to
environment and prosperity of the community.
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Abstract. Darmawati IAP, Rai IN, Dwiyani R, Astarini IA. 2018. The diversity of wild Dendrobium (Orchidaceae) in Central Bali,
Indonesia. Biodiversitas 19: 1110-1116. Dendrobium is the largest orchid genus of the Orchidaceae family. The research aimed to
explore the species diversity of Dendrobium, dominance, and species similarity in some forest of Bali. The explored locations were
grouped to lowland about 0-700 m asl. (Tejakula, Bukit Silangjana, Sepang Kelod, Mekori, and Busungbiu), transition land about 7001100 m asl. (Sepang Kaje and Jatiluwih) and lower montane 1100-1500 m asl. (Natural Reserves of Lake Buyan-Tamblingan, Puncak
Landep, and Lemukih). There were 24 species of Dendrobium in Central Bali, 2 spesies of which were not identified. The dominant
species were D. acuminatissimum, D. crumenatum and D. linearifolium. The highest species diversity index of wild Dendrobium was
present in lowland (16 species, 66.66%) followed by those in transition land and lower montane (12 species, 50.00% and 6 species,
20.83%, respectively). The pattern is also similar either for the species prosperity (3.875; 3.094, and 0.699, respectively). Uniformity of
wild Dendrobium on transition land was 0.922, followed by those in lowland and lower montane (0.864 and 0.794). There were 6
similar species of Dendrobium found in lowlands and lower montane (42.857% equality index) and 2 similar species in lowlands and
lower montane (19.047% equality index) and also 2 similar species in transition land and lower montane (23.359% equality index). D.
macrophylum, D. heterocarpum and D.secundum, their presence are pronely threatened with extinction so conservation is necessary.
Keywords: exploration, diversity, Dendrobium, Central Bali

INTRODUCTION
Bali is geographically located at 8°3'40"-8°50'48" South
and 114°25'53"-115°42'40" East. Central Bali Forest is a
group of tropical rainforest areas covering of 14,651.32 ha
including 4 districts in Bali, i.e., Badung, Bangli, Buleleng,
and Tabanan managed by the Forest Management Unit
(KPH) of the state forestry enterprise, Perhutani. In terms
of the function of all forest areas in Central Bali is
protected forest (Wibowo et al. 2015b). The tropical forest
is having a high biodiversity of both fauna and flora, one of
which is Orchidaceae. A total of one hundred and fifty-nine
species of orchids are found in Bali (Tirta 2004; Paramitha
et al. 2012; Wibowo et al. 2015a). The existence of orchids
in the wild continues to decline, caused by the destruction
of habitat and excessive exploitation.
Dendrobium is one of the orchid genera with wide
distribution, from Southeast Asia to Australia and it
consists of approximately 1.600 species (De et al. 2015).
According to Gandawidjaya and Sastrapradja (1980), of
about 275 species were found in Indonesia, including Bali.
The genetic resources of wild Dendrobium have not been
optimally utilized, although it has a wide possibility as
parental in crosses to produce hybrid orchids that have
characteristics as desired by consumers (Widiastoety et al.
2010).

Orchid exploration has been conducted in some areas in
Bali, such as: (i) the natural forest in Eka Karya Bali
Botanic Gardens, in which successfully identified 41
species of orchids, belonging to 18 genera, and 2 species of
which are Dendrobium (Tirta 2004); (ii) the area of Lake
Buyan-Tamblingan Nature Reserve with 30 species of
orchids were identified, belonging to 17 genera, and 3
species of them are Dendrobium (Paramitha et al. 2012);
(iii) Mount Batukaru Nature Reserve, in which 81 species
of orchids were found, and 6 spesies of which are
Dendrobium (Wibowo et al. 2015a).
Based on data of wild orchids in Bali, there is still the
wide area of Bali where orchids are naturally growing has
not been explored, particularly for the genus of
Dendrobium. The genus exploration in Bali was conducted
at different altitudes with the assumption that Dendrobium
has a wide range of habitats and each altitude has its own
diversity. The purpose of this study is to explore the types
of natural Dendrobium and to know the dominance,
diversity, and similarity of the species.
MATERIALS AND METHODS
Area of study
Exploration activities were conducted on several forest
areas in Bali, grouped into 3 habitats according to their
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altitude, i.e.: lowland (0-700 m asl.) of Tejakula, Bukit
Silangjana, Sepang Kelod, Mekori, and Busungbiu;
transition land (700-1100 m asl.) of Sepang Kaje and
Jatiluwih; and lower montane (1100-1500 m asl) of Nature
Reserve Park of Lake Buyan-Tamblingan, Landep Forest,
and Lemukih (Nakashizuka et al. 1992). The location of the
exploration is presented in Figure 1. The research was
conduction from November 2016 to May 2017.
Materials
Materials used in this research include plastic bags,
sacks, field books, descriptor books, label paper,
newspapers, and ethanol 70%. While the tools used are
meter, ruler, GPS (Global Positioning System), Canon Ixus
220 digital cameras, scissors, sliding, hook, and tool
herbarium.
Collection methods
The diversity data of Dendrobium was conducted by
exploring the plots that have been made on each side of the
forest paths. The size of each plot was 20x20 m, with the
distance of 2 m from the edge of the forest path, and 100 m
apart between plots (Rugayah et al. 2005). Total plots from
12 locations are 96 plot. The number of plots of each

location varies depends on field conditions from 5 to16
plots. All Dendrobium found were recorded and
documented.
The collection of orchids was done following Rugayah
et al. (2005), by which of taking each different suspected
species of Dendrobium, a species that has been discovered
and taken in the previous plot were not recollected, but
recorded for its distribution. Observations in situ were
included species names, number of species, number of
individuals, ordinate points, and their ecology. Some of the
orchid’s flower which found were collected as wet
herbarium in ethanol 70%. The orchid specimen collected
as living plant and were kept in the collection garden in
Eka Karya Bali Botanic Gardens, personal collection, and
Dhika Bali orchids.
Species were identified through morphological
characters and matched with reference books of Flora of
Bali: An Annotated Checklist (Girmansyah et al. 2013),
The Dendrobium (Howard 2006), Fundamentals of Orchids
Biology (Arditti 1992). Those explored specimens (as wet
herbarium) that could not be identified by those books were
then identified by comparing them with the collection of
Dendrobium orchids species grown in the “Eka Karya”
Botanic Gardens Bali.

Danau Buyan & Tamblingan

Figure 1. The sampling locations of the wild Dendrobium orchid (
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) in Bali, Indonesia
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Data analysis
The data collected were analyzed to obtain the values of
dominance, diversity, uniformity, prosperity, and similarity
of species calculated on the basis of the following
equations:
Index of dominance
ni
Di = -------- X 100
N

(1)

Di = index of the dominance of a species, ni = number
of individuals species I, N = total of the individual. The
range of dominance index value used is > 5% for
dominant type, 2-5% for subdominant type, and < 2% for
non-dominant type (Odum 1971).
Index of diversity
∑ path with the species (a)
Fa = -----------------------------------X 100%
∑ all paths

(2)

(3)

H’ = The Diversity Species Index, the Shannon-Wiener
diversity index is defined as follows: if H' > 3 (high
diversity of species), when H' 1 ≤ H'≤ 3 (moderate diversity
of species) and when H' < 1 (low diversity of species)
(Fachrul 2007).
Index of uniformity
H’
e = -----------Log S

(4)

Similirity Index (e) According to Krebs (1989) in
Gundo (2010); the similiraty index of species ranges from
the value of 0 – 1; which is then classified into, e < 1 (high
uniformity of species); 0,4 < e < 0,6 (medium
uniformity of species) and e < 0.4 (low uniformity of
species).
Index of prosperity
(S – 1)
Da = ----------ln N

Diversity of Dendrobium
The wild Dendrobium that has been found throughout
12 locations were 131 individuals, comprised of 24 species
(Figure 2), 22 species of which were identified, while 2
species were not identified yet in Eka Karya Botanic
Gardens by comparing the collected specimen and
reference book and not reported elsewhere.
Identification key of Dendrobium
1.a. Pseudobulb persistent …………………................………… 2
b. No pseudobulb ………………….............………………… 3

3.a. Leaf triangular …………...............… Dendrobium aloifolium
b. Leaf not triangular ….........................................………… 5
4. a. Inflorescence terminal ……….......…… Dendrobium plicatile
b. Inflorescence subterminal
…................................……… 7
5. a. Sepals oblong …............………… Dendrobium linearifolium
b. Sepals ligulate ……...……… Dendrobium acuminatissimum
c. Sepals oval ….......................………… Dendrobium inflatum
d. Sepals slightly round …........………… Dendrobium rugosum
6. a. Petals and sepals grooved inward ….. Dendrobium arcuatum
b. Petals and sepals grooved outward .. Dendrobium truncatum
c. Petals and sepals stretched …...…… Dendrobium fimbriatum
7. a. Sepals dorsal striped …….......……… Dendrobium aphyllum
b. Sepals dorsal pattern is not striped …..................………… 8
8. a. Petals obovate …........…....……… Dendrobium spathilingue
b. Petals ligulate …........…….......…… Dendrobium salacsense
c. Petals hastate …........……..…… Dendrobium macrophylum
9. a. Labellum ovoid …..........………… Dendrobium conspicuum
b. Labellum not ovoid
…........….........…...................…… 10

(5)

Prosperity Index of Species (Da), S = number of species
observed (Fachrul 2007).
Index of Similarity
2c
IS = ---------- X 100
A+B

RESULTS AND DISCUSSION

2. a. Pseudobulb oval ………..........…… Dendrobium cruminatum
b. Pseudobulb not oval
…........................................……… 4

Fa = Frequency of species a
H’ = -∑ { (ni/N log (ni/N)}

present in first habitat, B = number of species present in the
second habitat. IS has a range of values from 0%-100%, if
IS < 25% the orchid diversity at two sites is less similar, if
25% < IS < 50% the diversity of orchids in two locations
has similarities and if IS > 50%, the orchid diversity in two
the location has a high similarity (Fachrul 2007).

(6)

IS = Sorensen type similarity index, c = number of
species present in both locations, A = number of species

10. a. Labellum side triangular …........ Dendrobium heterocarpum
b. Labellum side tot triangular …....................................… 11
11. a. Middle labellum rhomboid ….......… Dendrobium secundum
b. Middle labellum reniforme …………… Dendrobium spurium
c. Middle labellum not both …...……………….....………… 12
12. a. Flowers with smell good ……..……… Dendrobium stuartii
b. Flower not flavorful
.................................................… 13
13. a. Flower light greenish yellow …...… Dendrobium stuposum
b. Flower yellowish white .................… Dendrobium subulatum
c. Flower pale yellowish pink .............… Dendrobium tetraedre
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Figure 2. The Dendrobium in Central Bali, Indonesia. A. D. cruminatum, B. D. fimbriatum, C. D. heterocarpum, D. D. macrophylum,
E. D. plicatile, F. D. secundum, G. D. spathilingue, H. D. lineariforium, I. D. acuminatissimum, J. D. aloifolium, K. D. aphyllum, L. D.
arcuatum, M. D. conspicuum, N. D. inflatum, O. D. rugosum, P. D. salaccense, Q. Dendrobium sp. Sepang, P. D. spurium, S. D.
stuartii, T. D. stuposum, U. D. subulatum, V. D. tetraedre, W. Dendrobium sp. Wanagiri, Q. D. truncatum.

Dendrobium acuminatissimum, D. cruminatun and D.
linearifolium were known as dominant species. Those
species were found throughout the exploration area (Di >
5%) (Table 1). In lowland area (0-700 m asl.) 16 species of
Dendrobium were found with the abundance of 48
individuals (Table 3), where D. acuminatissimum, D.
cruminatum, D. lineariforium, D. rugosum and D.
salaccense were dominant. The highest dominancy index
(18.750%) were D. acuminatissimum, D. cruminatum,
(Table 2). In the transition area (700-1100 m asl.), 12
species of Dendrobium were found with the abundance of

20 individuals and all species were dominant (Table 3).
The species of Dendrobium found in lower montane
exploration areas were 6 species with the abundance of 14
individuals, all species were dominant (Table 4). The
presence of dominant Dendrobium species in a community
and ecosystem indicates that the Dendrobium type has a
higher adaptation capability to the environment. According
to Saharjo and Cornelio (2011), a species may be dominant
in a community if it succeeds in placing most of the
available resources over other species.
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Table 1. List of Dendrobium species with type of habitat, number of individuals and dominance
Species name

Ni

Di (%)

Dendrobium acuminatissimum (Blume) Lindl.
12
9.16
Dendrobium aloifolium (Blume) Rchb.f.
2
1.53
Dendrobium aphyllum (Roxb.) C.E.C. Fisch.
2
1.53
Dendrobium arcuatum J.J. Sm.
2
1.00
Dendrobium conspicuum Bakh.f.
3
2.29
Dendrobium crumenatum Sw.
18
13.74
Dendrobium fimbriatum Hook.
2
1.00
Dendrobium heterocarpum Wall.ex Lindl.
1
0.76
Dendrobium inflatum Rolfe
7
5.34
Dendrobium linearifolium Teijsm. & Binn.
45
34.35
Dendrobium macrophyllum A. Rich.
1
1.00
Dendrobium plicatile Lindl.
5
3.82
Dendrobium rugosum (Blume) Lindl.
4
3.05
Dendrobium salaccense (Blume) Lindl.
4
3.00
Dendrobium secundum (Blume) Lindl. ex Wall.
1
1.00
Dendrobium sp. Sepang
1
1.00
Dendrobium sp. Wanagiri
1
1.00
Dendrobium spathilingue J.J. Sm.
4
3.05
Dendrobium spurium (Blume) J.J.Sm.
1
1.00
Dendrobium stuartii F. M. Bail.
2
1.00
Dendrobium stuposum Lindl.
5
4.00
Dendrobium subulatum (Blume) Lindl.
2
1.00
Dendrobium tetraedre (Blume) Lindl.
1
1.00
Dendrobium truncatum Lindl.
5
4.00
Total
131
100.00
Note: Ni = number of individuals species, Di = index of dominance of a species

Table 2. Species dominance and relative frequency of the wild
Dendrobium in lowland areas (0-700 m asl.)
FR
Di (%) Dominance
(%)
Dendrobium acuminatissimum 9 2.00 7.407 18.750 Dominant
Dendrobium aphyllum
2 1.00 3.704 4.167 Subdominant
Dendrobium arcuatum
1 1.00 3.704 2.083 Subdominant
Dendrobium conspicuum 2 2.00 7.407 4.167 Dominant
Dendrobium cruminatum 9 4.00 14.815 18.750 Dominant
Dendrobium heterocarpum 1 1.00 3.704 2.083 Subdominant
Dendrobium lineariforium 8 4.00 14.815 16.667 Dominant
Dendrobium macrophylum 1 1.00 3.704 2.083 Subdominant
Dendrobium rugosum
4 3.00 11.111 8.333 Dominant
Dendrobium salaccense
3 1.00 3.704 6.250 Dominant
Dendrobium secundum
1 1.00 3.704 2.083 Subdominant
Dendrobium sp. sepang
1 1.00 3.704 2.083 Subdominant
Dendrobium spathilingue 2 2.00 7.407 4.167 Subdominant
Dendrobium subulatum
2 1.00 3.704 4.167 Subdominant
Dendrobium stuartii
1 1.00 3.704 2.083 Subdominant
Dendrobium truncatum
1 1.00 3.704 2.083 Subdominant
Total
48 27 100.000 77.083
Note: N = total of individual, F = frequency, FR = relative
frequency, Di = Index of dominance
Species name

N

F

Diversity, prosperity, uniformity, and similarity index
of Dendrobium at different altitudes
The index of diversity, prosperity, and uniformity of
species in the exploration area in different altitudes was
analyzed by combining all data obtained at each altitude,
and the result was shown in Table 5.

Dominance

Type of habitat

Dominant
Not dominant
Not dominant
Not dominant
Subdominant
Dominant
Not dominant
Not dominant
Subdominant
Dominant
Not dominant
Subdominant
Subdominant
Subdominant
Not dominant
Not dominant
Not dominant
Subdominant
Not dominant
Not dominant
Subdominant
Not dominant
Not dominant
Subdominant

Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte
Epiphyte

Table 3. Species dominance and relative frequency of the wild
Dendrobium in transition Area (700-1100 m asl.)
Species name
Dendrobium acuminatissimum
Dendrobium aloifolium
Dendrobium arcuatum
Dendrobium cruminatum
Dendrobium fimbriatum
Dendrobium inflatum
Dendrobiumlinearifolium
Dendrobium plicatile
Dendrobium rugosum
Dendrobium salaccense
Dendrobium spathilingue
Dendrobium tetraedre
Total

N

F FR (%)

3 3
2 1
1 1
1 1
1 1
1 1
5 2
1 1
1 1
2 2
1 1
1 1
20 16

12.000
4.000
4.000
8.000
12.000
4.000
20.000
3.125
3.125
16.000
3.125
95.625
100.00

Di
Dominance
(%)
15.000 Dominant
10.000 Dominant
5.000 Dominant
5.000 Dominant
5.000 Dominant
5.000 Dominant
25.000 Dominant
5.000 Dominant
5.000 Dominant
10.000 Dominant
5.000 Dominant
5.000 Dominant

Table 4. Species dominance and relative frequency of the wild
Dendrobium in lower montane areas (1100-1500 m asl)
Species name
Dendrobium fimbriatum
Dendrobium inflatum
Dendrobium
Dendrobium sp. Wanagiri
Dendrobium stuposum
Dendrobium spurium
Total

N
1
2
8
1
1
1
14

F FR (%)
1 10.000
2 20.000
4 40.000
1 10.000
1 10.000
1 10.000
10 100.000

Di (%) Dominance
7.143 Dominant
14.286 Dominant
57.143 Dominant
7.143 Dominant
7.143 Dominant
7.143 Dominant
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Table 5. The index of diversity, prosperity, and uniformity of
Dendrobium at different altitudes
Index
Species diversity (H`)
Species prosperity (Da)
Species uniformity (e)

Lowland Transition
(%)
land (%)
1.040
0.991
3.875
3.094
0.864
0.922

Lower
montane (%)
0.555
1.559
0.713

Table 6. Sorensen Similarity Index (SI) at different altitudes of
exploration sites
Habitat
Lowland
Transitionland
Lower montane

Lowland
(%)
－
42.857
19.047

Transition
land (%)

Lower montane
(%)

42.857
－

19.047
23.359
－

23.359

The diversity of Dendrobium found in the lowlands was
considered as moderate (H '= 1.040), while those in
transition and lower montane were categorized as low (H' =
0.991 and 0.555, respectively). The similar pattern also
occurs in species prosperity index, where the species
prosperity index lowland Dendrobium was higher (Da =
3,875) than those both in transition land (Da = 3.094) and
lower montane (Da = 1,559). This was due to the amount
of Dendrobium species found in lowland was higher (16
species), as much as 48 individuals compared with
transition land and lower montane. These results are
consistent with the findings of Paramitha (2012), diversity
and prosperity of Dendrobium found in lower montane are
low (H = 0.0086 and Da = 0.868). Van Steenis (1972)
mentioned that generally, orchids grow well in mountain
areas with altitude ranging from 500 to1500 m asl, and
their variation decreases in out site of this range (below 500
m asl or above 2000 m asl) but Waston (2004) states that
the genus Dendrobium grows well at an altitude of 0-500 m
asl with moisture of 60-80%. These results in study
indicate that genus Dendrobium is a trend more suited to
live in lowland environmental conditions.
The highest species uniformity index was found in
transition land areas (0.922), but slightly different from the
low and high altitudes. Overall, based on the uniformity
indexes of the founding species were not uniform at each
elevation of exploration site. The index value of species
uniformity (e) ranges from 0.713 to 0.922, which indicated
that the uniformity index was close to the value of one,
meaning that the spread of individuals numbers of each
species is equal and there is no tendency to dominate by
one species and can be assumed that Dendrobium orchid is
categorized as having medium level of uniformity.
The similarity index values were obtained by
comparing species composition and individuals at each
area of exploration. The value of Dendrobium similarity
index in the three exploration areas is presented in Table 6.
In lowland and transition land areas, 6 similar species
of Dendrobium (D. acuminatissimum, D. conspicuum, D.
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cruminatum, D linearifolium, D. salacsense and D.
spathilingue) were found, with IS value of 42.857%. This
means that the two comparable sites have quite different
plant species. In lowland and lower montane exploration
areas, there were 2 types of Dendrobium was found, with
IS of 19.047%. In transition land and lower montane, also 2
similar species of Dendrobium (D. fimbriatum and D
linearifolium) were found, with IS value 23.359%.
According to Odum (1971), if the value of the samespecies index is between 25% and 50%, the two comparing
sites have quite different plant species, this is because the
vegetation and the microclimate are also different.
Potential of Bali natural Dendrobium orchid as a source
of germplasm
The development of the last five years orchid (20102015) has increased with an average growth of 5.19%, Bali
contributes 6.62% from96.73% to the Indonesian orchid
production. While the development of Indonesian orchid
exports during the period of 2000-2014, mostly in the form
of orchid plants with an average contribution of 70.94%,
while in the form of orchid seedlings of 29.06% (PDSIP
2015). Export of orchids is mostly hybrid orchid and
Dendrobium genus occupy the first position, but the
potential of wild Dendrobium Indonesia has not been
optimally used to produce hybrid orchids and up to now
only 2 sections of 20 section of Dendrobium are used as
broodstock (Widiastoety et al. 2010). Therefore
Dendrobium orchid diversity found in the exploration site
is a great potential as a source of Bali's germplasm for the
development of Indonesian orchids. One potential that can
be done is the selection of broodstock breed crossings, to
produce a new hybrid with the certain uniqueness. Several
species of Dendrobium which can be selected as
broodstock based on the character of the flowers possessed
(unique shape, color and size) are Dendrobium species
which includes; D. macrophylum (Emerald orchid), D.
secundum (brush orchid), D. heterocarpum (fountain
orchid), D. cruminatum, D. fimbriatum, D. lineariforium,
D. spathilingue, and D. plicatile. (Figure 2). However, the
seven potential Dendrobium species, D. macrophylum, D.
secundum and D. heterocarpum are vulnerable, due to the
very low population caused by poaching, habitat
destruction, and forest conversion. Therefore, in addition to
exploiting its potential as a parent crosses, conservation
actions through in vitro propagation is needed to produce
large amounts of the orchid seedling.
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Abstract. Lubis MZ, Anurogo W, Hanafi A, Kausarian H, Taki HM, Antoni S. 2018. Distribution of benthic habitat using Landsat-7
Imagery in shallow waters of Sekupang, Batam Island, Indonesia. Biodiversitas 19: 1117-1122. Shallow sea waters are one region that
has high dynamics and an important role both economically and ecologically. Batam Island one of the islands in Indonesia is rich in the
ocean in Riau Islands Province, Indonesia, and surrounded by small islands.We conducted classification and correction of water column
using Lyzenga formula, to see benthic habitat in Sekupang waters, Batam Island, Indonesia. This research uses remote sensing method with
Landsat-7 image data, on data recording that is dated December 16, 2016. The purpose of this study is to obtain information on the
distribution and extent of sand, dark sea, and coral reefs on Batam Island shallow waters of Sekupang. By using the formula of Lyzenga
algorithm, the value of ki/kj is 0.404, by looking at the color change corresponding to the channel. Research result of classification in the
shallow coastal waters of the island of Batam in Sekupang with the area is sand with 27.64 % (3.443 ha), cloudy sea with an area of 30.94%
(3.854 ha), and coral reefs with an area of 41.43% (5.161 ha).
Keywords: Benthic habitat, Landsat-7, Lyzenga

INTRODUCTION
Batam City is the island closest to Singapore, separated
by a 15 km wide strait, and a free trade zone area (FTZ),
part of the SIJORI region (Singapore, Johor (Malaysia) and
Riau Islands (Indonesia). Shallow sea waters are one region
that has high dynamics and an important role both
economically and ecologically. Coral reefs and seagrass a
significant component of the ecosystem constituents serve
as a fish habitat, a place of tourism, coastal protection from
wave hitting and stirring suspended material. The science
and art that will produce information about an object and
phenomenon with the analysis of data derived from various
kinds of satellite images, without direct contact with the
object or the observed (Lillesand et al. 2014).
Shallow water is an area of water that directly adjacent
to the coastline that supports the growth of rooted plants
such as seagrass beds. Clear shallow water areas are
capable of accepting the penetration of sunlight to the
bottom of the waters that make various ecosystems welldeveloped seagrass and coral reefs (Bates et al. 2010). The
ecosystems in shallow water are potential ecosystems in the
coastal area because they have high primary productivity
(Dando 2010). Benthic habitat mapping using remote
sensing technology to date continues to grow as it is
supported by the availability of high-resolution images that
are increasingly easy to obtain (Purkis and Pasterkamp
2004; Antoni et al 2018). In addition, these ecosystems
play a role in absorbing carbon in the atmosphere

(Kennedy et al. 2010).
The importance of the role of the ecosystem is needed
to examine one of the basics, especially in the island of
Batam, Indonesia which has a vast ocean area. Remote
sensing technology in the monitoring of benthic habitats
has an important role, primarily to monitor conditions such
as coral loss due to human intervention as well as natural
factors. Intensive monitoring requires substantial funds and
long periods of time. By using remote sensing technology,
coral reef monitoring activities are expected to provide
reliable results with minimal funding and time (Schultz and
Engman 2012). Remote sensing of passive systems for
shallow water research utilizes many visible waves (400750 nm) divided into blue, green, and red channels. The
ability to penetrate electromagnetic waves in the water
column is strongly influenced by the characteristics of
these waters. Setyawan et al. (2014) add that the more
turbid seawater then the penetrating power of both spectra
(green and blue bands) will decrease.
With remote sensing commonly known as benthic
habitat mapping more complex can be studied which not
only can result in the division of any benthic habitat cover
that is a shallow ecosystem of view and also parameter
parameters such as depth, base shape, and geomorphology
of coral reef zonation. The area along the coastline is
dominated by the sand and mud substrate from the land.
The further away from the shoreline, the base material can
be hard material that is a growing medium for coral reefs
(Cinner et al. 2012). Based on the different environmental

1118

B I O DI VE RS I T A S 19 (3): 1117-1122, May 2018

and spatial characteristics of each benthic habitat class, the
image mapping can be more easily done by adding the
coral reefs coronary zonation element because each
zonation class has depth information and the distance of
each zone to the shoreline.
The utilization of these images can not only produce
benthic habitat coverage information but also
physiographic information of shallow waters such as the
basic shapes of waters or morphology and depth of waters
(Hedley et al. 2012; Kobryn et al. 2013). Further depth
information can be used to create coral reef geomorphology
zoning (Leon et al., 2012) that serves as environmental
parameters that become constrained in the mapping of
benthic habitats. Environmental parameter information can
facilitate mapping of benthic habitats to recognize aquatic
base objects. Remote sensing is currently the recommended
technology to be a member of coral reef ecosystems and
shallow habitats with prior research done by space for
research (Selgrath e al. 2016; Lucas and Goodman 2014).
In a previous study, mapping of benthic habitats using
Lyzenga was an excellent formulation for correcting water
columns using satellite imagery using Landsat-8 (Wahidin
et al. 2015). The habitat of shallow water is the main factor
of fish presence on the reef. Abundance, diversity, and
distribution of fish are highly dependent on the complexity
of their habitats (Feary et al. 2014; MacNeil et al. 2015).
The advantages of remote sensing images obtained
from satellites will produce an object image, and symptoms
on the surface of the earth as the original object (Lubis, et
al. 2017). Characteristics of the objects are that it does not
appear in the form of images so that it is possible to
recognize the object using remote sensing method (Sutanto
1992). Identification of benthic habitat consists of sand,
sea, and coral reefs. A coral reef is a form of the submarine
land of shallow sea waters that are often found on the
beaches in the tropics. This form of land was built by coral
organisms and lime-producing algae (Nurdin et al. 2015;
Miller et al. 2012). Information on basin habitats is
generally obtained through direct observation (field survey)
and also with remote sensing technology in the form of
satellite images (Phinn et al. 2012). Meanwhile, studies
related to the detection of shallow water habitats in
Indonesia using satellite imagery and combining it with
field observations are still insufficient to date. In the recent
years, very many sensory satellite sensors can detect
objects in shallow water ecosystems such as coral
community (Knudby et al. 2014), live coral cover
(Goodman et al. 2013, Roelfsema and Phinn 2010), even
benthic species and coral health. Distribution of shallow
waters and the identification of benthic habitats can be
done by utilizing remote sensing technology (Lyzenga
1978). In the remote sensing method having 6 basic
components is a uniform energy source, the atmosphere,
the unique interaction between powers with objects on
earth, has a perfect sensor, the existence of efficient data
processing system (Volpe et al. 2011; Giardino et al. 2010).
The purpose of this study was to obtain information on the
distribution and extent of benthic habitat (sand, coral reef,
and deep sea), using remote sensing method in Batam
Island in Sekupang waters, Indonesia.

MATERIALS AND METHODS
Study area
This research is done by utilizing Landsat-7 image in
Batam Island area, Sekupang waters. Landsat-7 recording
image data was downloaded in December 16, 2016. In this
study Landsat-7 image data to highlight more objects in
shallow water, Zhu and Woodcock (2012) suggest that by
combining the natural logarithms of three visible light
channels (Band (Band 2: 30 m, green, 0.525-0.605 μm) and
(Band 1: Band 1 (30 m, Blue, 0.450-0.515 μm), it gets the
picture which will reveal the results of informative image
processing in benthic habitats in shallow water
Procedure
The processing of satellite imagery to obtain a shallow
baseline habitat map was undertaken with the following
steps: masking the study area, geometric correction,
atmospheric correction, and correction of the water
column. Channels used for this correction are the blue
channel (Band 2) and green channel (Band 3). Furthermore,
the image is classified as supervised based on field
observation data with maximum likelihood algorithm. The
classification of satellite imagery in this way has been
widely used to produce a basic shallow waters habitat map
(Lyzenga 1978). In this study, we mapped the shallow basal
habitats with classification schemes: marine, coral reefs, and sand.

The Landsat-7 image combined by using several bands or
channels, i.e., 421 band composites (Band 4 near-infrared
(NIR) channel, Band 2 green channel, and Band 1 blue
channel). Satellite imagery used in advance is preprocessing consisting of radiometric correction, sunlight
correction, and geometric correction.
The occurrence of sunlight and water waves is a
common problem in high-resolution satellite imagery.
Sunlight effect phenomenon occurs due to the reflection of
sunlight that concerns the object (usually waters) in the
direction of the satellite sensor recording angle. The
removal of the sunlight effect is done by using a near
infrared channel following an already developed algorithm.
Removal of sunlight effect disturbance, at the same time,
was able to eliminate water wave disruption. In the satellite
image view, it will look like a glass reflection so that it
interferes with the processing and analysis. Separation of
land and sea is done to remove objects that are not the
subject area of study (in this case mainland) by masking on
satellite imagery. Furthermore, the analysis is done by
composite satellite images with 8 channels, adapted to the
object of study. In composite, the original color display
(true color) is done by combining red, green, and blue
channels. Classification based on shallow water habitat is
done by the unsupervised method, and further validation is
done with field results and re-classing. The results are
tested to determine the accuracy of the level of accuracy of
classification stages or flow diagrams in this study are
started with literature study and ended in the distribution of
benthic habitat in Sekupang waters (Figure 2).

LUBIS et al. – Benthic habitat in shallow waters of Sekupang, Batam, Indonesia

1119

Figure 1. Research location in shallow waters of Sekupang, Batam Island, Riau Islands Province, Indonesia (black color square)

Landsat-7 imagery data (recording
December 16, 2016)

Image cropping

Radiometric correction and
geometry correction

Lyzenga
transformation

Superposition between
bands 421

Visual analysis

Pre-processing performed on Landsat-7 satellite
images. In this study consists of two stages: correction of
radiometry and geometry correction. Radiometric
correction aims to improve the visual quality of images and
simultaneously correct unsuitable pixel values. Geometry
correction aims to position the object in the image
according to the actual position in the field, and the
accuracy study refers to the method of Hamel and
Andréfouët (2010). In this study, we used the Lyzenga
method algorithm for the classification of benthic habitats
in shallow waters of Sekupang waters, particularly to see
coral distribution, sand, and sea (Lyzenga 1978). As the
equation by developing an algorithm approach to formulas
as in Equation 1, this formula can be applied to image
processing program using Landsat-7 imagery.
Y= [ln(TM1)] +[(ki/kj)( ln (TM2))]

Verification
and overlay

Distribution benthic habitat

Figure 2. Research flow diagram of distribution benthic habitat

(1)

Where:
Y
: The results of the classification of the Lyzenga
algorithm
TM1 : Landsat image channel;
TM2 : Channel 2 Landsat image
Measure In-situ by applying an exponential reduction
model
Calculate ki/kj
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The algorithm of equation 2 transformed from the
negative sign (-) becomes positive (+) which is useful to
get an introduction to the variation of benthic and shallow
water habitat, which becomes:
Y = [ln(TM1)] +[(ki/kj)( ln (TM2))]

(2)

RESULTS AND DISCUSSION
Distribution of habitat benthic
The spectral characteristics of coral reef habitat objects
can be obtained from the average bands in the imagery for
each class observed. At the visible wavelength range,
which consists of blue light (0.45-0.5 μm), green (0.5-0.55
μm), and red (0.65-0.7 μm), each class has a reflectance
value (indicated by the value of digital number/DN)
(especially in blue light), as shown in (Table 1). Decreased
reflectance occurs at the visible border of light toward the
NIR (Near-Infrared) and SWIR (Short Wave Infra-Red).
Digital analysis performs the access process, which
consists of spectral value analysis of each data of Landsat
image that is with 421 band composite done several times
according to the result that in accordance with requirement
and process of the algorithm of Lyzenga result ratio
existing in the area is shallow Sekupang, Batam. As the
results of the variant versions, covariance, and water
column attenuation ratios of the variance value can be seen
in Table 2, while the value on the processing yield is seen
in Table 1.
In Table 1 can be seen, for each region is calculated the
value of variance. Where the minimum value and
maximum value for shallow waters band-1 is 116.417,
126.286) and band-2 is 82.625, 104.524. So the value ki/kj
of the formula

the result is 0.404515.
From these results can be classified directly by the colors,
which is the absolute value obtained from the formula.
Table 2 shows the results of calculations using the Lyzenga
algorithm by searching for variant values or variations of
Band 1 and Band 2, they can find the covariance value of
the band 1 and band 2 variants. To determine the value of a
can also get from the formula (VarB1-VarB2)/(2 *
CovB1B2).
Distribution of benthic habitat in shallow waters,
Sekupang waters, Batam resulted from the extraction
process of Landsat image 7, on 16 December 2016, with
the process of extraction of the image is done to get benthic
habitat, the image is then classified using unsupervised to
distinguish shallow water habitat is sand, coral reefs, and
cloudy sea. The result of the area in each classification is
done by using calculate geometry. The results of this study
indicate that the method is a good method because
classification using the Lyzenga method based on the
object of Landsat 7 image significantly improves the
accuracy for benthic habitat mapping classification, as
compared to pixel-based classification techniques with

Landsat, and affects the accuracy value on the map. Figure
3 shows the existence of color difference, with 3 classes of
object division conducted in this study. The result of
classification of benthic habitat in the form of area data is
still planimetric in 2 dimensions. Figure 3 shows the green
color is a coral reef, the yellow color shows the sand and
blue color is a turbid sea. result of classification in the
shallow coastal waters of the Batam island, with the area:
sand with 3.443 ha, cloudy sea with an area of 3.854 ha,
and coral reefs with an area of 5.161 ha, this shows the
classification process with class division of 3 classes, then
the highest area is on coral reef area (Figure 3).
From this classification result (Figure 3) there is a close
association between geo-morphological zones with the
existence of certain benthic habitat, so this research applies
multiscale classification (reef level, geomorphic zone, and
benthic habitat). The results obtained show the
geomorphology and ecology of the coral reef area which is
divided into three levels: reef level, geomorphic zones,
benthic community zones, but the results are identified
only to outline which can be seen in (Figure 3). Mapping of
benthic habitat in Batam island cluster (Sekupang shallow
waters) has been done with the different method of
classification and result of accuracy. The most common
classification used so far is the pixel-based classification
method, while object-based classification methods have
never been done in this region. Classification results
indicate that the dominant abiotic is scattered throughout
the coastal areas, but most are on the southern part of the
cape. The boundary between land and sea is still dominant
abiotic (sand).

Table 1. Band classification value 1-7
Class/
region
1
2
3
4
5
6
7
All

Band 1 Band 2 Band 4 Band 5 Band 6 Band 7
123.484
126.286
119.358
120.462
116.417
116.564
120.768
126.291

96.435
104.524
93.321
95.462
82.625
85.141
88.244
91.875

49.903
63.429
43.566
44.846
30.992
40.641
26.341
44.402

43.048
67.619
36.113
50.462
22.458
31.436
19.378
51.408

152.226
155.119
152.66
152.923
136.408
136.846
146.646
147.795

23.903
36.81
21.283
29.154
14.733
19.756
14.085
34.655

Table 1. Variation value on channel B1 and B2
Varian

12.65313

Covariance B1 and B2 value
a
ki/kj

21.19523
-1.03379
0.404515
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Figure 3. Map of shallow water classification of Sekupang, Batam Island, Riau Islands Province, Indonesia

Figure 4. Percentage of benthic habitat area in the waters of
Sekupang, Batam Island, Riau Islands Province, Indonesia

Percentage of habitat benthic distribution
Physical conditions in shallow waters are important for
the survival of coral reef ecosystems, and especially in
shallow water habitats. Examples are salinity, sea surface

temperature, tidal currents, and meteorological factors will
affect the condition of marine waters and coral reef
ecosystems (Li et al. 2013). The area of object
identification is sand with 27.64% (3.443 ha), cloudy sea
with 30.94% (3854 ha), and coral reef with 41.43% (5.161
ha). The percentage of the area in which the research is
described in the pie diagram, the largest area is the coral
reef object with a percentage of area 41.42%, while the
area with the lowest percentage is located on the sand
object in the yellow colour on the diagram pie with a
percentage of 27.64% (Figure 4).
Based on the results of this study it can be concluded
that correction of water column can be applied to the
Landsat-7 image by using channel (band) 421, which build
the coefficient ratio of attenuation in image data (Ki/Kj).
The application of correction results using the Lyzenga
algorithm on Landsat-7 imagery affects the visual
appearance of the image and the accuracy of the map. The
percentage of benthic cluster classification (ocean, coral
reefs, and sand) in Sekupang waters, Batam Island, has the
largest extent on coral reef objects, and the smallest is in
sand objects.
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Abstract. Sahidin A, Zahidah, Herawati H, Wardiatno Y, Setyobudiandi I, Partasasmita R. 2018. Macrozoobenthos as bioindicator of
ecological status in Tanjung Pasir Coastal, Tangerang District, Banten Province, Indonesia. Biodiversitas 19: 1123-1129. The
existence of macrozoobenthos organism allow for bioindicator of ecological status and detected water pollution in coastal environment
with observing the response, diversity, and abundance. The one of biological method for water quality analysis is AZTI Marine Biotic
Index (AMBI). This research aims to determine water quality status in Tanjung Pasir water coastal Tangerang, Banten. The research was
conducted in April - August 2014 in Tanjung Pasir Coastal, Tanggerang, Banten with purposive sampling method and be forwarded with
water pollution analysis with AZTI Marine Biotic Index (AMBI) model. The research showed 4.552 individual of macrozoobenthos
found divided into 52 species with the average of diversity amount 634 ind./m2 with dominated by bivalve species Nuculana bicuspidate
22.89%, it is a bivalve an extreme species that can live in waters with very low oxygen concentrations and hight pollution. The result of
AMBI (4.01 to 5.02) indicates water pollution in Tanjung Pasir Coastal classified in medium-heavy pollution and concentred in coastal
zone. Polychaeta is a key bioindicator in the determination of water pollution and ecological status in Tanjung Pasir coastal.
Keywords: Bioindicator, ecological status, macrozoobenthos, pollution

INTRODUCTION
Macrozoobenthos is an organism that lives on the
surface or in water sediment. Macrozoobenthos is the one
of the most important organism in coastal and sea
ecosystem (Dean 2008; Junardi and Wardoyo 2008; Shokat
et al. 2010; Tabatabaie and Amiri 2010; Sharma et al.
2018), because it has a direct function in the nutrient cycle,
pollutant metabolism and secondary productivity in water
sediment (Kroncke and Reiss 2010; Tabatabaie and Amiri
2010, 2011). Macrozoobenthos also become one of the
most important parts of water ecosystem food chain as food
for demersal fish and some sea mammals (Sahidin and
Yusli 2016). The existence of macrozoobenthos is
widespread, each area has their community, depend on
waters characteristic. Spatial distribution difference of
macrozoobenthos is affected by depth, temperature,
salinity, and substrate type (Shou et al. 2009; Gholizadeh et
al. 2012).
Macrozoobenthos movement is very limited, and
relative settle on a particular substrate, make macrozoobenthos more sensitive to environmental pressure as like
water quality declamation and sediment (Manoharan et al.
2011; van Loon et al. 2015; Wardiatno et al. 2017).
Physical, chemical and biological changes are the indicator
of coastal water quality declamation (Sharma et al. 2018).

The changed of a physical compound and chemical
compound also generate sediment quality declamation.
Seawater biota which impacted by water and sediment
quality declamation directly in coastal is macrozoobenthos.
Declamation of species composition in coastal waters
particularly infauna is a response from pollutant mater in
sediment from anthropogenic activity. According to
Gholizadeh et al. (2012), the spatial changed of
macrozoobenthos community is dependent on the shape of
sediment particle, organic matter, and dept. So that,
macrozoobenthos always used to be a bioindicator for
monitoring coastal water pollution (Dean 2008; Shokat et
al. 2010; Subida et al. 2012; Sundaravaman et al. 2012;
Wibowo et al. 2017; Sharma et al. 2018).
Approachment to determine water condition would be
conducted with two methods, using biota response to
environmental pressure, describe the water quality and
environment condition and known as bioindicator (Prato et
al. 2009; Ritter et al. 2009; Sundaravaman et al. 2012).
Determining waters condition with a biological method is
better than use physical-chemical methods because physicchemical methods only describe waters condition in shortterm (Junshum et al. 2008). The biological method could
describe waters condition in long-term because this method
will analyze biota response in pressure water (Carretero
and Dauvin 2010; George et al. 2010).
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There are many researchers who study about estuarine
or sea with macrozoobenthos as bioindicator with
(richness, diversity, similarity, and domination) index
(Junshum et al. 2018; Gandomy et al. 2011; Reizopoulou et
al. 2014). One of the biological methods for water quality
analysis is AZTI Marine Biotic Index (AMBI) which
introduced by Bojan et al. (2012). AMBI is index
calculation to determine waters status, pressure and
pollution status based on biota response particularly for
tolerance benthos, intolerance, and the diversity (Borja and
Tunberg 2011), and also fully equipped by software to
make calculation easier (Borja et al. 2012). AMBI method
always used for some researcher in the world such as
researcher from Atlantic Ocean and Mediterania (Carretero
dan Dauvin 2010), eastern Florida coastal (Borja and
Tunberg 2011), Brazil coastal (Valenca dan Santos 2012),
Baltik ocean (Zettler et al. 2009), Atlantic ocean in North
America (Riera and Carretero 2014), Caspia sea (Gandomy
et al. 2011), Hindia ocean in North West (Bigot et al. 2008;
Martin et al. 2011) and Asia (Sahidin et al. 2014).
Tanjung Pasir coastal belongs to the Tangerang coastal
area of northern Banten province with various community
activities around it (industry, fishery, housing and tourism)
that have negative effects such as coastal erosion, pollution,
and organic waste. So that, Tanjung Pasir coastal belongs
to the one of the coasts of Indonesia with high level of
vulnerability. Overflow that goes to Tanjung Pasir coastal
not only organic material rich in nutrients also contains
toxic materials (toxins) are harmful to aquatic biota. Based
on the topography of the western coast of Tanjung Pasir
bordering the eastern coast of Jakarta. Riyadi et al. (2012)
declare that Jakarta coastal has a high level of pollution, so
that on the West Tanjung Pasir coastal will get pollutant
contamination from Jakarta coastal. In addition, the
Tanjung Pasir coastal into the mouth of several major
rivers like Cisadane river and Dadap river. The rivers flow
will bring nutrient and pollutant into the coastal (Riyadi et
al. 2012). There are many of research about ecology status
and pollution in Jakarta bay since 1970-1990 which focus
on seawater quality with physicochemical parameter, and
be continued in 1990-2000, developing to biota and
sediment, and in 2000- now focus on biomass and heavy
metal (Wibowo et al. 2017).
However, in the coastal areas of Tanjung Pasir, areas
adjacent to Jakarta still lack research directed to ecological
status and pollution. Therefore, the determination of
ecological status and contamination that is compared
between instantaneous pollution (physical-chemical waters)
and long-term pollution (biota response) becomes the basis
for coastal resource management in Tanjung Pasir coastal.
MATERIALS AND METHODS
The research was conducted in Tanjung Pasir Coastal
Waters, Tangerang District, Banten Province, Indonesia.
Sample was taken from 22 stations (Table 1) and each
location divided into three zonations (shore, middle, and
sea) (Figure 1). Each station was taken three times of
replication for macrozoobenthos and one replication for

sediment analysis using Van Veen grab with wide aperture
tool 0.04 m2. Sample filtered with modification filter for
macrozoobenthos with mesh size 0.5 mm to separate
between benthos and mud (substrate). Result of filtered put
into sample bottle which stuck by label. Sample preserved
with formalin 5% and put into the cool box and identified
in laboratory.
In the laboratory, macrobenthos samples were observed
using binocular microscopes for small size and magnifying
glass (lup) for larger ones (Lizarralde and Pittaluga 2010).
Identifying macrobenthos morphologically to the species
level was conducted by using standard macrobenthos
identification books (Fauchald 1977; Dharma 2005) and
nomenclature writing following World Register of Marine
Species (WoRMS: http://www.marinespecies.org/index.php).
Organic carbon and sediment particle size (sand, mud, and
clay) were analyzed using the "wet sieving" method
(Reizopoulou et al. 2014). Water temperature measurements
using standard thermometer and brightness are measured
with a Secchi disk. Salinity was measured by using a
refractometer, and the pH was measured by pH meters.
Measurement of depth of waters with the aid of scaled
ropes and suspended solids was measured by filtration
method. Dissolved oxygen (DO) is estimated by
modification of the winkler method. The water nutrients
are first put into a polyethylene bottle and collected in the
icebox to be brought to the laboratory. The water sample
was filtered using a Millipore strainer to analyze the
nitrates, nitrites, soluble phosphates with the aid of the
spectrophotometer. While water used to measure biological
oxygen demand (BOD5) was inputted into dark glass
bottles and analyzed by a modification of the Winkler
method (Lizarralde and Pittaluga 2010; Reizopoulou et al.
2014).
Ecological and pollution status analysis based on
macrozoobenthos using AZTI Marine Biotic Index (AMBI)
(Borja et al. 2012; Carretero dan Dauvin 2010). AMBI
analysis was started with the calculation of diversity for
each species in each station. The species were divided by
five Ecological Group (EG) there as (i) EGI:
Macrozoobenthos species with very sensitive to organic
matter composition. (ii) EGII: Macrozoobenthos species
with not affected by organic matter composition with low
concentration. (iii) EGIII: Macrozoobenthos species with
tolerant from more organic matter composition. (iv) EGIV:
Opportunistic macrozoobenthos species grade II. (v) EGV:
Opportunistic macrozoobenthos species grade I.

Based on the divided group, AMBI formula calculated
and classified based on AMBI (biotic coefficient) in Table 2.
Table 1. Station in different zonation
Zonation

Station

Coastal zone (cz)
T1, T2, T3, T10, T11, T12, T16, T17, T18
Middle zone (mz)
T4, T5, T6, T13, T14, T15, T19, T20
Sea zone (sz)
T7, T8, T9, T21, T22
Note: T= Tanjung Pasir Coastal station
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Figure 1. GIS location of sampling sites in Tanjung Pasir Coastal Waters, Tangerang District, Banten Province, Indonesia

Table 2. Ecological group classification of macrozoobenthos on analysis value of AMBI and BI (Biotic Index) based on Borja et al.
(2012) and Carretero dan Dauvin (2010)
AMBI

Biotic index Domination EG

0.0 < BC≤ 0.2
0
Egi
0.2 < BC≤ 1.2
1
Egi
1.2 < BC≤ 3.3
2
Egiii
3.3 < BC≤ 4.3
3
Egiii
4.3 < BC≤ 5.0
4
Egiv-V
5.0 < BC≤ 5.5
5
Egiv-V
5.5 < BC≤ 6.0
6
Egv
Azoic
7
Azoic
Note: BC: biotic coefficient, EG: ecological group

Pollution status

Health of benthos community

Ecology status

Not polluted
Not polluted
Easy polluted
Medium polluted
Medium polluted
Heavy polluted
Heavy polluted
Very heavy polluted

Normal
Increase
Not balance
Transition to polluted
Polluted
Transition to heavy polluted
Heavy polluted
Azoic

Very good
Very good
Good
Medium
Bad
Bad
Very bad
Very bad

RESULTS AND DISCUSSION
Water and sediment quality parameters
The result of water quality in every sample zonation are
presented in Table 3. Water quality as temperature
parameters, pH, biochemical oxygen demand (BOD) and
salinity found between zonation with values was not
significantly different. As for parameter dissolved oxygen
(DO) and turbidity seen significant difference between

coastal zonation with two other zonation's. Dissolved
oxygen in coastal zonation was found with a very low
value of 0.5 mg/L, while the turbidity in coastal zonation
was found with the highest value of 7.2 mg/L. Seen from
sediment size composition, sand presentation decreased
toward sea (sand presentation at cz = 44.28%, mz =
27.23% and sz = 17.97%), vice versa increasing muddy
(mud presentation at cz = 55.6%, mz = 72% and sz =
82.20%).
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Table 3. Physical quality and chemical coastal waters of Tanjung Pasir Coastal Waters, Tangerang District, Banten Province, Indonesia
Parameters
Water quality
Temperature
pH
Dissolved Oxygen
Biochemical Oxygen Demand
Salinity
Turbidity
Sediment quality
Sand
Mud
C-Organic
Note: x: average, r: range

Unit

0

C

Coastal zone
x

r

Middle zone
x

r

Sea zone
x

r

mg/L
mg/L
‰
NTU

31.0
8.2
7.1
3.6
27.4
7.2

30.4-31.8
7.1-8.7
0.5-10.1
0.7-6.9
12.2-30.3
0.5-21.6

30.8
8.4
8.3
2.8
29.2
2.2

30.3-31.4
7.1-8.4
7.6-9.1
1.0-6.4
24.7-30.3
0.4-11.4

30.9
8.3
9.0
2.2
29.5
1,6

30.1-31.5
7.9-8.5
6.8-10.6
1.5-3.0
28.5-30.3
0.5-2.9

%
%
%

44.28
55.58
1.78

37.6-53.7
46.3-63.6
1,31-2,50

27.23
72.72
1.65

18.1-54,5
58.1-90,1
1.52-2.50

17.97
82.20
1.65

7.9-28.1
72.3-92.1
1.54-1.76

Composition and abundance of macrozoobenthos
The composition and abundance of macrozoobenthos
are one of the characteristics of the community structure.
Based on the results of research, macrozoobenthos found as
many as 52 species were divided into 14 classes. The
highest species composition was found in 17 Polychaeta
classes followed by Bivalvia class of 10 species, 4 species
of gastropods, 6 species of crustaceans, and other classes.
The total number of macrozoobenthos total specimens were
4552 specimens dominated by bivalve class followed by
Polychaeta. The highest number of specimens found in the
bivalve class reached 71% of the total number of
macrozoobenthos found, followed by the Polychaeta class
and clitellate class (Figure 2). The bivalve class was
dominated by Nuculana bicuspidata 22.89% of the total
number of bivalve individuals found. Nuculana bicuspidata
were found in T12, T16 and T17 stations. The stations
adjacent to the mouth of the river (Figure 3) were T2, T12,
T16, T18 stations found high density of macrozoobenthos
and high deviation values, which means that
macrozoobenthos at the station was very dynamic or
volatile in a short span of time.
Discussion
Total species of macrozoobenthos were found in 52
species divided into 14 classes. The Polychaeta class (17
species) was found with the largest number of species
Polychaeta deposit feeder (20 species), followed by
Bivalvia classes and other classes (Table 4). Shou et al.
(2009) state that Polychaeta dominates the community of
infauna benthos and the amount in nature reaches 80% of
the total macrozoobenthos community. The research
location is dominated by mud substrate. The muddy bottom
of the waters is the preferred habitat for polychaete to grow
and reproduce (Sundaravarman et al. 2012), since the
organic matter as the main food polychaete deposit feeder
is easily settled and binds to the mud substrate (Golizhadeh
et al. 2012; Junardi and Wardoyo 2008). But in this study,
the highest total density was not occupied by the
Polychaeta class but Bivalvia namely Codakia puncata,
Tellina palatum and Tellina timorensis. These three biotas
are small-sized bivalves and reproduce with external

fertilization with very high egg fecundity and are
concentrated in one place.

Figure 2. Macrobenthos composition in Tanjung Pasir Coastal
Waters, Tangerang District, Banten Province, Indonesia

Figure 3. Abundance and taxa of macrozoobenthos in Tanjung
Pasir Coastal Waters, Tangerang District, Banten Province,
Indonesia
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Table 4. Composition ecological group of macrozoobenthos in
Tanjung Pasir Coastal Waters, Tangerang District, Banten
Province, Indonesia
Taxa

Tangerang coastal
cz
mz
sz

Ecol.
group*

Polychaeta
Aphrodate aculeata
I
+
Arenicola marina
III
+
Capitella capitata
V
+
Exogone naidina
II
+
Glycera capitata
II
+
+
+
Melinna cristata
III
+
Nephtys caeca
II
+
Nereis fucata
III
+
+
+
Ophryotrocha puerilis
IV
+
+
+
Orbinia sp.
I
+
Petta pusilla
I
+
Platynereis dumerilii
III
+
Polyphysia crassa
III
+
Rhodine loveni
II
+
Scalibregma inflatum
III
+
Sternaspis scutata
III
+
Syllis gracilis
II
+
Bivalvia
Brachidontes granulatus
II
+
Cardium sp.
III
+
Codakia punctata
I
+
+
+
Ensis ensis
I
+
Perna viridis
+
Pharella javanica
I
+
Tellina palatum
I
+
+
+
Tellina sp.
I
+
Tellina timorensis
I
+
+
+
Nuculana bicuspidata
II
+
+
+
Gastropoda
Nassarius liversen
II
+
Nassarius stolatus
II
+
Tetraphora princeps
+
Turicula javana
+
Crustacea
Apseudes coriolis
III
+
Cancer pagurus
III
+
+
+
Leucosia sp.
+
Pasiphaea sp.
II
+
Pontophilus aracilis
I
+
Xantho pilipes
I
+
+
+
Anopla
Cerebratulus fuscus
III
+
Micrura purpurea
I
+
Psammamphiporus elongatus
II
+
Tubulanus annulatus
II
+
+
Enopla
Oerstedia dorsalis
III
+
+
Tetrastemma melanocephalum
III
+
+
Echinoidea
Brissopsis pasifica
I
+
Clitellata
Clitellio arenarius
V
+
+
+
Pontobdella muricata
+
+
Sipunculidea
Phascolion strombus
I
+
Asteroidea
Astropecten indicus
I
+
Ophiuroidea
Amphiura chiajei
II
+
+
+
Echiuroidea
Echiura sp.
II
+
Anthozoa
Metridium senile
+
I
Brachiopoda
Linguila unguis
+
+
I
Note: + : present, - : not present, cz:coastal zone, mz: middle
zone, sz: sea zone. * Borja et al. (2000, 2012).
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Bray Curtis similarity analysis results from 22 stations
formed four different groups. T2, T12, T17 and T19 stations
each station form one group, the other stations form one
other group (Figure 4). T2 station found Melinna cristata
with the highest density, followed by Ophryotrocha puerilis,
Syllis gracilis and Travesia forbesii also dominated the
station. T17 stations found Tellina timorensis and
Nuculana bicuspidata with the highest density compared to
other stations, while Perna viridis and Tellina palatum
were found to be concentrated at T19 stations. This
grouping difference is possibly due to differences in
pollution levels and substrate texture differences that will
decrease or increase the number of types and densities of
macrozoobenthos. The type of intolerant and facultative
group will disappear as the Polychaeta class is not resistant
to the low DO, and the dominant tolerant group appears to
be the type of Nuculana bicuspidata bivalvia class that is
tolerant to the low DO (Sahidin et al. 2014).
Coastal waters analysis can be seen vertically
(perpendicular from the coast towards the sea) and
horizontal (along with the coast). Tanjung Pasir, which
borders the Bay of Jakarta, is heavily influenced by the
pollution inputs of the Cisadane River and the overflowing
of the bay of Jakarta carrying a current range of AMBI
values (4.01-5.02) with moderate to severe pollution levels
and moderately-categorized ecological status (Table 5).
Riyadi et al. (2012) state that Coastal Jakarta has a high
level of pollution, so that on the eastern coast of Tanjung
Pasir will get pollutant contamination from Jakarta Coastal.
Overflow that goes to the Coastal Tangerang not only
organic material rich in nutrients also contains toxic
materials (toxins) that are harmful to aquatic biota.
The coastal waters status of Tanjung Pasir was
vertically seen towards the sea the smaller the AMBI value.
This means that the lower the sea level the disturbance is
smaller and the water status based on the benthic biota the
better. It is possible that there are organic materials and
macrozoobenthic food sources. Spatial distribution of
benthic organisms is influenced by aquatic organic matter
(Golizhadeh et al. 2012; Martin et al. 2011; George et al.
2010). In addition, the dominance of the sand substrate will
decrease the content of organic matter in the sediments,
thereby decreasing the presence of macrozoobenthic biota
in both abundance and type and will ultimately affect
ecological status (Zetler et al. 2009). Organic materials are
sedimented into the substrate, the farther away from coastal
zonation the less organic matter is sedimented (Ansari et al.
2014), so the macrozoobenthos food is reduced and has an
effect on decreasing the number of types and densities of
macrozoobenthos. This decrease of macrozoobenthos is
possible because the decreasing of marine status at sea
zonation based on AMBI value.
Nuculana bicuspidate Determination of water quality
status based on AMBI result (4.01 - 5.02), increasingly the
water quality with avoiding of shore with heavy pollution in
the coastal zone (cz), medium in middle zone (cz), and middle
in sea zone (sz). Bivalve species (Nuculana bicuspidate)
was dominated by 22.89% from all bivalve in result.
Nuculana bicuspidate is an extreme species that can live in
waters with very low oxygen concentrations and high pollution.
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Station
Figure 4. Similarity analysis of macrobenthos in Tanjung Pasir Coastal Waters, Tangerang District, Banten Province, Indonesia

Table 5. Presentation ecological group, AMBI value and pollution status in Tanjungg Pasir Coastal Waters, Tangerang District, Banten
Province, Indonesia
Group ecology (GE) (%)
Pollution status
I
II
III
IV
V
AMBI
Status
cz
2.6
4.7
8.2
24.7
59.8
5.02
Heavy polluted
mz
8.7
5
41
16.3
29
4.15
Medium polluted
sz
12.7
6.4
33.6
31.8
15.6
4.01
Medium polluted
Note: cz:coastal zone, mz:middle zone, sz:sea zone, BI: Biotic index
Zone
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Abstract. Rujehan, Matius P. 2018. Potential and management strategy of floral biodiversity in the coastal areas in East Kalimantan,
Indonesia. Biodiversitas 19: 1130-1137. Some issues such as land clearing and mining activities often arise in the coastal areas of Bukit
Soeharto Forest Park, East Kalimantan, Indonesia that serves as a water catchment area. The latest land cover in this area was dominated
by bush or shrub and forest cover was reduced. This research was conducted in Tanah Merah Coast and around Samboja Reservoir in
the coastal area of Bukit Soeharto Forest. The purposes of this study were to determine the potential diversity of flora in the two regions
and to develop management strategies in order to maintain or even to improve the diversity of flora. The method used in this research
was a survey using vegetation analysis and SWOT analysis. The results showed that the species of saplings and trees dominating the
forest area of Tanah Merah Coast was Nauclea orientalis, while Cratoxylum arborescens was the most prominent species of seedlings.
On the other side, the forest around Samboja Reservoir was dominated by Campnosperma auriculata for trees or adult communities,
Ficus retusa for saplings and Dyera costulata for seedlings. Both species diversity (H') and evenness index (E) of these areas were
categorized as medium. Management strategies needed to maintain and improve the diversity and evenness of existed flora consist of S-O
strategy that aims to improve the ecological functions of the area that can provide economic benefits, S-T strategy proposes cooperation
with local communities to develop alternative economic activities, W-O strategy utilize the funding opportunities from donor agencies
for forest management and W-T strategy includes efforts to improve human resources through training in collaboration with donor agencies.
Keywords: Bukit Soeharto Forest Park, coastal areas, the potential of flora diversity, management strategies

INTRODUCTION
Bukit Soeharto Forest Park in East Kalimantan,
Indonesia has an area of 67,766 hectares designated as a
conservation area. Most of its area is a coastline which is
the transitional area of land and freshwater ecosystems with
marine ecosystems which have the potential of rich and
diverse natural resources. Odum and Barrett (2005) state
that coastal ecosystem includes beaches, river mouths
(estuaries), coastal forests, seagrass, swamp area and
mangrove. In Indonesia, coastal area is the center of a wide
range of development activities, because this area has both
renewable and nonrenewable natural resources. In addition,
this area also has a very good accessibility to a wide range of
economic activities from several sectors, such as transportation, ports, industries, residential areas and tourism.
Utilization and management of natural resources in the
coastal ecosystem need to be carried out cautiously by
implementing the principles of sustainable development.
However, the increase in population and intensive
development may endanger and damage the capacity of
coastal ecosystem in providing all the natural resources and
environmental services, whereas all aspects of local
communities' livelihood depend on this ecosystem. The
local communities use the coastal areas for socio-economic
activities and those activities might affect the existing
biodiversity, so the management of natural resources needs
to be taken seriously by the government. Besides,
Nyurumana (2016) states that flora biodiversity is a

strategic resource, as it acts as one of the determinants of
the quality of human life. However, less environmentally
sustainable utilization could lead to a high rate of
degradation, thus threatening global biodiversity (Butchart
et al. 2010; Houdet et al. 2012), especially in tropical
forests with the level of degradation between 2-11% per
decade (Koopowitz et al. 1994).
Regarding the issues above, there has been a disruption
of Bukit Soeharto Forest Park ecosystems, both at Samboja
Reservoir and Tanah Merah Coast. Damages in Samboja
Reservoir, as the area of water catchment, were indicated
by the practice of land clearing for agriculture and coal
mining activities surrounding the area. Even the current
land cover was dominated by bushes, shrubs, weeds and
the forest cover was reduced; as a result, the hydrological
system in this area was disturbed (Maharani 2012).
Tanah Merah Coast is one type of coastal forest
ecosystems in Bukit Soeharto Forest Park. Lately, Tanah
Merah Coast has become a destination of ecotourism and is
frequently visited by local tourists especially on holidays.
Besides having quite beautiful scenery, Tanah Merah Coast
is also a habitat for many species of coastal plants
(Mukhlisi and Sidiyasa 2011). Pressures derived from
technology development and increasing population growth
threaten the coastal ecosystem even though conservation
area contributes to various aspects, including aspects of
ecology, economy and science and technology (Dominggus
1999). In accordance with the characteristics of the coastal
area of Bukit Soeharto Forest Park, one of the efforts to
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preserve this conservation area can be done through
ecotourism activities involving local communities. In
general, ecotourism not only provides ecological benefits
but also economic benefits. Ecotourism activities in Forest
Park are regulated in the Government Regulation No. 36,
Year of 2010 concerning the management of nature tourism.
Therefore, vegetation analysis needs to be carried out to
determine the components of the ecosystem, namely the
species composition and structure of vegetation so that the
potential of the area to be utilized and managed on an
ongoing basis is in accordance with the characteristics of
the area can be discovered. Nyurumana (2016) states
combination between conservation-ecological benefits,
social-culture-religion, and economic-earnings of flora
biodiversity are the determinants of the success of its
management.
SWOT analysis (Strengths, Weaknesses, Opportunities,
Threats) was carried out in order to maintain or even
enhance the potential values of the area that can be utilized
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and managed optimally. From this analysis, it can be seen
what kind of strategies that must be applied to develop the
coastal areas as ecotourism. Therefore, the purposes of this
study were to describe the potential diversity of flora in
Bukit Soeharto Forest Park, especially in the coastal areas,
and to determine the development strategy of the areas to
support the conservation of biodiversity, especially the
existing flora.
MATERIALS AND METHODS
Study site and its status history
The research was conducted in Tanah Merah Coast
Forest and Samboja Reservoir Forest of the coastal areas of
Tahura Bukit Soeharto (Bukit Soeharto Forest Park), Block
of Samboja, East Kalimantan Province, Indonesia. The
study lasted for 5 (five) months, from January 2016 until
May 2016.

Figure 1. Map of research site in Bukit Soeharto Forest Park, Block of Samboja, East Kalimantan Province, Indonesia

B I O DI VE RS I T A S 19 (3): 1130-1137, May 2018

1132

The history of Bukit Soeharto Forest Park began with
the proposal of the Governor of East Kalimantan in 1976 to
make this area as an environmental preservation zone
(Ruyadi 2009). In its development, the forest has
experienced several changes of status and function. Lastly,
the Decree of the Minister of Forestry no SK.577 / MenhutII / 2009 established the area of Bukit Soeharto Forest Park
covers an area of 67,766 hectares. Most of its areas are
located in the coastal zone of which there is Samboja Block
covering 8,212 hectares.
Data collection was carried out by a direct survey
method that included primary data and secondary data.
Primary data were collected through direct observation of
the existing vegetation and interviews with local
communities, community leaders and the forest
management agency, while secondary data were gathered
through the study of literature and documentation. The
collected data were processed and analyzed through
vegetation analysis and SWOT analysis. Vegetation
analysis began by identifying the species, and calculating
the number of individuals and frequency of each species
and all species found in research area. Furthermore, to
determine the diversity of species in the forest area, then
the measurement of species diversity index (H') as
proposed by Shannon-Wiener (Krebs 1985; Magurran
1988; Ludwig and Reynolds 1998; Wijana 2014) was
conducted. The diversity index (H’) is formulated as below.
S

H '   Pi  lnPi 
i 1

Where, H' is the species diversity index and Pi equals to
ni / N in which ni is the number of individuals of species ith
and N is the total number of individuals of all species in the
dataset. By referring to the Shannon-Wiener Index criteria,
a species diversity index can be said to be high when H' >
3, medium when 1 ≤ H' ≤ 3 and low when H' < 1 (Odum
and Barrett 2005).
To determine whether the number of individuals among
species was evenly distributed at a certain level of growth,
an evenness index (E) was used. To get the value of E,
Pielou (1966) in Odum and Barrett (2005) applied the
following formula:

E

H'
ln(S )

Where, H' is the species diversity index and S is the
total number of species. Higher evenness index from a
certain level of growth shows that the number of
individuals among species is more evenly distributed.
Evenness index ranges from 0 to 1. Hill (1973) in
Nurdahlanti (2008) classified evenness index (E) into five
classes, namely: 1) distributed unevenly when the value of
E is 0.00 to 0.25, 2) less evenly when E is 0.26 to 0.50, 3)
fairly evenly when E is 0.51 to 0.75, 4) almost evenly when
E is 0.76 to 0.95, and 5) evenly when E is 0.96 to 1.00.
SWOT analysis provides numerous formulation of
strategies to maintain or even increase the values of flora

diversity and ecology in the coastal area of Bukit Soeharto
Forest Park. There are three processes in making a SWOT
analysis so that the decision obtained can be more precise.
The first process is data collection that includes evaluation
of internal and external factors. The second process is
developing the matrix of evaluation of internal and external
factors as well as the SWOT matrix. The last process is
decision-making. At this stage, a variety of alternative
strategies that can be used to make decision appears.
According to Hidayat et al. (2012), S-O strategy has a
tendency to be aggressive, meaning that it optimizes the
potential and opportunities, while the S-T strategy enables
self-improvement and is made to overcome weaknesses.
W-O strategy includes diversification, in which it uses
strengths to minimize threats, while W-T strategy allows
defensive actions, namely reducing weaknesses and
avoiding threats.
RESULTS AND DISCUSSION
The potential flora in the region
The forest in Tanah Merah Coast and around Samboja
Reservoir is included in the type of moderate heath forest.
Hatta (2007) states that moderate heath forest is a group of
forest in which its soil texture has a balanced proportion of
sand and clay or with more clay proportion than sand.
According to Ashton (1958) in Riswan (1987), moderate
heath forest has a general characteristic of short trees with a
small circumference of the trunk and a few species. There
are few lianas and a lot of epiphytes with leaves that are
hard and stiff as leather (schlerophyllous) on the forest
floor and it shows similarities with peat swamp forests.
The soil has a low content of bases and is highly acidic,
usually coarse textured and free drainage, in which the soil
is often covered in a layer of peat or humus material that
quickly disappear once the natural vegetation is cleared
(Goeltenboth et al. 2012).
Species composition
From the results of observation, the floristic
composition of vegetation at seedling stage in Tanah Merah
Coast and around Samboja Reservoir is presented in Table
1. Table 1 shows that the total number of species of
seedlings at Tanah Merah Coast area was higher (9 species)
than that of Samboja Reservoir. This indicates that the
species present at Tanah Merah Coast were better in
competing with other species. Facts on the field showed
that the habitats of Tanah Merah Coast were drier and more
open than in Samboja Reservoir region where the habitats
were closed and most of them were waterlogged. In a
closed habitat, it is generally difficult for vegetation
particularly seedlings to grow evenly and they tend to
prefer certain locations that are not flooded. Fatem and
Sykora (2012) mention plants common in open to closed
forest have a wide amplitude concerning light conditions
and can grow both in open forests and below the canopy of
tall trees. Some have their optimum growth in shade while
other species grow better in the presence of light. For
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instance, according to Siappa, et al. (2016), a species in a
certain family such as Moraceae which grows in Tanah
Merah Coast area more tolerant to a habitat that has dry
soil, abundance of sunshine, dry or health area, but it also
requires habitat conditions near streams and springs. Some
areas around the river are sandy and composed of
limestones so that it tends to have minimum amount of
nutrient for plants.
The floristic composition of the vegetation at sapling
stage in Tanah Merah Coast and around Samboja Reservoir
area is presented in Table 2.
Table 2 shows that the forest around Samboja Reservoir
had more number of species of saplings with 17 species
than that in Tanah Merah Coast where there were only
eight species. The difference in habitat conditions as
mentioned earlier could be the cause of it, even though
both are included in the moderate heath forest area. Species
richness of the heath forest in undisturbed Samboja sand
mountain on saplings consists of 28 species of 22 genera in
17 families (Riswan 1987).
The number of species of seedlings and saplings in
Tanah Merah Coast area did not differ significantly (see
Table 1 and Table 2), while at the Samboja Reservoir area
significantly differed. The research conducted by Fontes et
al. (2015) reveals that once plants start to grow and become
sapling, the floristic composition of forest changes
remarkably. This shift in floristic composition suggests that
soil waterlog may act as a strong abiotic filter in the
assembly of juvenile and adult communities.
The floristic composition of the vegetation at tree stage
in Tanah Merah Coast and around Samboja Reservoir is
presented in Table 3. Table 3 shows that the number of
trees species growing in the forest near Samboja Reservoir
was higher than that in Tanah Merah Coast (see Table 3). A
research conducted by Riswan (1987) on undisturbed
Samboja sand mountain vegetation discovered 24 species
of 18 genera in 13 families at tree stage.
The presence of pioneer species such as Cratoxylum
cochinchinense, Vitex pinnata, Vitex trifolia, Macaranga
spp., Dillenia suffruticosa, and Euodia alba, indicates that
the forest both in Tanah Merah Coast and around Samboja
Reservoir can be categorized as an old secondary forest
that will continue its succession over time and reach the
climax forest stage, assuming no physical disturbances
such as forest fires or land clearing for plantations occur.
Overall there was an increase in the number of species
from the seedling, sapling and tree stages. This condition
indicates that the ecosystem in these areas can still be
maintained or enhanced.
According to Dendang and Handayani (2015),
vegetation composition is normal or balanced, if the
number of individuals of seedlings is more than saplings,
the number of saplings is more than poles, and the number
of poles is more than the trees, so that the regeneration
process can take place since there are sufficient amount of
plants at early stages. However, the composition of the
vegetation in the forest area of Tanah Merah Coast and
Samboja Reservoir was slightly unbalanced. Clay-soil
texture on both regions might be the cause.
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Species diversity and evenness index
A community may consist of various species or several
species. It is necessary to calculate species diversity (H')
for each stage of vegetation. Figure 2 presents the values of
species diversity index for each stage of vegetation at
Tanah Merah Coast and around Samboja Reservoir.
Table 1. The vegetation composition at seedling stage at Tanah
Merah Coast and around Samboja Reservoir, Bukit Soeharto
Forest Park, Block of Samboja, East Kalimantan Province,
Indonesia
Region
Tanah
Species
Merah
Coast
Cratoxylum arborescens
√
Cratoxylum maingayi
√
Clydemia hirta
Dyera costulata
Ficus nervosa
√
Meiogyne virgata
√
Mallotus paniculatus
Nauclea orientalis
√
Shorea balangeran
√
Shorea sp.
√
Syzygium sp.
Tristania beccarii
√
Vitex pinnata
√
Total
9

Samboja Family
Reservoir
√
√
√
√
√
5

Hyperaceae
Hyperaceae
Melastomataceae
Apocynaceae
Moraceae
Annonaceae
Euphorbiaceae
Rubiaceae
Dipterocarpaceae
Dipterocarpaceae
Myrtaceae
Myrtaceae
Lamiaceae
10

Table 2. The vegetation composition at sapling stage in Tanah
Merah Coast and around Samboja Reservoir, Bukit Soeharto
Forest Park, Block of Samboja, East Kalimantan Province,
Indonesia

Species
Campnosperma auriculata
Meiogyne virgata
Vernonia arborea
Calophyllum inophyllum
Garcinia diversifolia
Dillenia suffruticosa
Shorea balangeran
Shorea sp.
Macaranga triloba
Caranga arborescens
Cratoxylum arborescens
Vitex pinnata
Vitex trifolia
Ficus retusa
Syzygium lineatum
Syzygium pseudoformosum
Syzygium sp.
Tristaniopsis obovata
Tristania beccarii
Nauclea orientalis
Nephelium mutabile
Total

Region
Tanah
Samboja
Merah
Reservoir
Coast
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
8
17

Family
Anacardiaceae
Annonaceae
Asteraceae
Clusiaceae
Clusiaceae
Dilleniaceae
Dipterocarpaceae
Dipterocarpaceae
Euphorbiaceae
Leguminosae
Hypericaceae
Lamiaceae
Lamiaceae
Moraceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Rubiaceae
Sapindaceae
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Table 3. The vegetation composition at tree stage in Tanah Merah
Coast and around Samboja Reservoir, Bukit Soeharto Forest Park,
East Kalimantan Province, Indonesia
Region
Tanah
Species
Samboja
Merah
Reservoir
Coast
Alstonia campanulata
√
Calophyllum inophyllum
√
√
Casuarina equisetifolia
√
Cratoxylum arborescens
√
√
Cratoxylum cochinchinense
√
Cratoxylum maingayi
√
Ficus nervosa
√
√
Ficus retusa
√
√
Meiogyne virgata
√
√
Nauclea orientalis
√
√
Nuclea sp.
√
Palaquium rostratum
√
Shorea balangeran
√
Symplocos racemosa
√
√
Syzygium lineatum
√
Syzygium pseudoformosum
√
√
Syzygium sp.
√
Terminalia catappa
√
Tristania beccarii
√
Tristaniopsis obovata
√
√
Vitex pinnata
√
√
Dillenia suffruticosa
√
Eugenia sp.
√
Euodia alba
√
Campnosperma auriculata
√
Caranga arborescens
√
Garcinia diversifolia
√
Litsea sp.
√
Macaranga gigantea
√
Macaranga hosei
√
Macaranga pruinosa
√
Macaranga triloba
√
Maducha sp.
√
Shorea aibida
√
Syzygiumzeylanicum
√
Vernonia arborea
√
Vitex trifolia
√
Total
20
27

Family
Euphorbiaceae
Clusiaceae
Casuarinaceae
Hyperaceae
Hyperaceae
Hyperaceae
Moraceae
Moraceae
Annonaceae
Rubiaceae
Rubiaceae
Sapotaceae
Dipterocarpaceae
Symploceae
Myrtaceae
Myrtaceae
Myrtaceae
Combretaceae
Myrtaceae
Myrtaceae
Lamiaceae
Dilleniaceae
Myrtaceae
Rutaceae
Anacardiaceae
Leguminosae
Clusiaceae
Lauraceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Sapotaceae
Dipterocarpaceae
Myrtaceae
Asteraceae
Lamiaceae

Figure 2 shows that the H' value of vegetation at
seedling stage in Tanah Merah Coast area was 1.87, higher
than that around Samboja Reservoir, which was only 1.48.
In the forest area of Tanah Merah Coast, there is a gap
between the tree canopy that allows light to enter to the
forest floor, so new species can grow. While near Samboja
Reservoir, the area is more closed and has limited light
entering the forest floor.
According to Odum and Barrett (2005) the value of H'
can be used to determine the effects of disturbance on the
environment or to find out stages of succession and
stability of plant communities at a site. The values of H' of
vegetation both in Tanah Merah Coast and around Samboja

Reservoir at seedling stage, that ranged from 1-3 (Figure
2), were classified as medium. This indicates that the level
of species diversity of seedlings in both regions could still
be maintained or improved.
At the sapling and tree stages, the forest around
Samboja Reservoir had higher H' than that in Tanah Merah
Coast area. The values of H' of vegetation at sapling and
tree stages which ranged from 1 to 3 were classified as
medium, the same as the seedlings.
According to Odum and Barrett (2005), diversity tends
to increase in older communities and is low in the newlyformed communities. The H' value of vegetation at the
sapling and tree stages showed that the community in the
two areas can maintain species diversity against
environmental disturbance or climate change.
According to Sodhi (2004) in Gunawan et al. (2005),
the level of species diversity in an area is influenced by
several factors, two of which are the diversity or quality of
habitat and disturbance from human activities. Based on
the facts on the field, there are quite a lot of human
activities in forest areas in Tanah Merah Coast and around
Samboja Reservoir since both of these areas are easy to
reach. Some local communities were seen going in and out
of the areas for a variety of purposes, such as recreation,
gardening or farming, and feeding cattle.
Furthermore, to determine whether the number
individuals among species are distributed evenly for a
certain stage of growth, it is necessary to calculate the
value of species evenness index (E). The value of species
evenness index for each stage of vegetation at Tanah Merah
Coast and Samboja Reservoir is presented in Figure 3.
Based on the E values that ranged from 0.85 to 0.92
(Figure 3), the number of individuals among species for all
stages of vegetation (seedlings, saplings, and trees) can
generally be categorized as fairly evenly distributed. This
refers to the evenness index standards set by Hill (1973) in
Nurdahlanti (2008) which ranged from 0.76 to 0.95 for
fairly evenly. Kuswandi et al. (2015) mention that the high
evenness index is proportional to species diversity index,
meaning that the higher the evenness index value is, the
higher the species diversity index value will be.
Regional management strategy
As described earlier, the analysis used to obtain the
formulation of regional management strategy was the
SWOT analysis. According to Boseman and Phatak (1989),
SWOT analysis enables an organization to formulate and
implement strategies aimed at accomplishing its
organizational mission and objectives. Information
collected and analyzed in the SWOT analysis may suggest
that changes be made in either the mission, objectives,
policies, or strategies of the organization. This analysis
begins by identifying and evaluating various internal
factors (strengths and weaknesses) and external factors
(opportunities and threats). The results of internal and
external factors evaluation, as well as alternative strategies
for coastal area management in Bukit Soeharto Forest Park,
are presented in Table 4.
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Figure 2. Species diversity index (H') of forest around Samboja
Reservoir and in Tanah Merah Coast, Bukit Soeharto Forest Park,
East Kalimantan Province, Indonesia

Figure 3. Species evenness index (E) of the forest around
Samboja Reservoir and in Tanah Merah Coast, Bukit Soeharto
Forest Park, East Kalimantan Province, Indonesia

Table 4. The matrix of SWOT analysis and alternative management strategies of flora diversity in coastal area of Bukit Soeharto Forest
Park, East Kalimantan Province, Indonesia

Internal Factors
Evaluation

External Factors
Evaluation

Opportunities

Strengths
1. The forest park has a legal certainty
as a conservation area.
2. Diversity and evenness of flora are
classified as medium.
3. It has a panoramic beauty of nature
and the potential to develop
ecotourism.
4. Samboja Center for Conservation of
Natural Resources is committed to
managing the forest ecosystem.
5. It has high accessibility to the coastal
area, hence making it easier for the
management.
SO Strategy

Weaknesses
1. The forest park has limited human

2.
3.
4.

5.

resources and financial capability in
supporting the management.
There is no block clarity in the
management of coastal areas.
It has low infrastructure quality.
It lacks management program of
socialization on a regular basis
regarding the status and function of
the coastal areas.
It lacks directional resource
conservation programs (protection,
preservation, and utilization).
WO Strategy

1. East Kalimantan Provincial Government and

1. Optimizing the regional management

1. Building partnerships with donor

KutaiKartanegara District have been
committed to developing “Kaltim Green”
program.
There is a Regional Autonomy Policy
associated with the management area.
There are supports of parties (local
governments, universities, research agencies,
NGOs, and communities) through
collaborative management in the protection
of flora and ecosystems diversity.
There is improvement of forest resource
conservation policy on the management of
protected areas.
There is a good public perception toward the
preservation of the forest area as a tourist
destination that supports local economies.

that can provide ecological and
economic benefits.
2. Developing management
information systems with the use of
information technology in improving
the ecological values of the area.
3. Developing ecotourism for the
region by involving local
communities.

agencies to support regional
management.
2. Building a participatory regional
boundary.
3. Creating participatory planning with
the aim of maintaining and
improving the function of region.

2.
3.

4.

5.

Threats
1. There is an increasing need for land for

development.
2. Local communities are highly dependent on

natural resources.
3. The forest area is prone to encroachment by

local communities considering that the
location is close to the residential area.
4. Population growth contributes to the
increasing demand for land.
5. The political support consistency that could
at any time.

ST Strategy

WT Strategy

1. Reducing local communities’

1. Cooperating with relevant agencies

reliance on natural resources by
seeking alternative economic
activities and employment.
2. Optimizing the use of existing
facilities and infrastructure to
conduct surveillance of the area.
3. Creating programs for environmental
education and conservation to local
communities, so as to grow the sense
of belonging.

in order to increase the capacity of
Human Resource Management.
2. Preserving flora and ecosystems by
involving stakeholders that are
attentive to conservation.
3. Building cooperation with
universities regarding social potency
data collection, including potential
business to be developed for
economic improvement.
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Table 4 provides a variety of SO, ST, WO and WT
strategies. The SO strategy suggests that the management
of these areas will not only attempt to maintain the
existence of the area, but also to increase the function of
region that can provide ecological and economic benefits.
Forest utilization often works based on direct benefits in
the form of tangible resources, such as bamboo, wood, oil,
latex and so on, although intangible benefits in the form of
immaterial or use of services such as ecotourism can be
used as an alternative to support long-term development of
the country (Purnamasari et al. 2005). The development of
ecological benefits is meant to increase the species
diversity and evenness, while the development of economic
benefits shows the involvement of local communities to
develop ecotourism activities. According to Suryawan et al.
(2015), ecotourism can be developed in the form of
conservation tour package that allows visitors to
understand the meaning and be directly involved in
conservation activities. Therefore socialization through
promotion becomes important in this case as it aims to
optimize the utilization of the region.
Meanwhile, ST strategy implies that the management
should cooperate with the local communities to consider
alternative business and jobs. Kustanti et al. (2012) state
that the economic development should be carried out by the
utilization of the potential products whereas the
institutional development of the community can be done by
means of activating again rural economic institutions such
as village cooperatives. This effort will support the
preservation of the region and the welfare of local
communities as mandated by Government Regulation No.
36, Year of 2010. However, intensive forest utilization by
local communities that can disrupt ecological values needs
to be held to prevent further damages. Therefore it is
necessary for the management to educate local communities
through a program of environmental education and
conservation, thereby creating awareness and the sense of
belonging. This will encourage public intention to conduct
environmentally sustainable economic activities.
WO strategy aims at utilizing funding opportunities
from donor agencies in order to maximize the regional
management. This strategy should be implemented within
the framework of integrated participatory forest planning
with clear regional boundaries, thus ensuring the
enhancement of forest function in both ecological and
economic aspects. According to Paramastuti and Chofyan
(2013) in order to achieve optimum result of the forest
function enhancement, then this integrated plan needs to be
further elaborated, with the spatial concept of zoning
essentially serves as a management tool for activities in a
forest park. For example, Gunung Kunci Forest Park has
three zones: protection zone, rehabilitation and
preservation zone and utilization zone and Ir. H. Juanda
Forest Park has four zones: protection zone, flora and fauna
preservation zone, limited utilization zone and intensive
utilization zone. Furthermore, the achievement of these two
aspects is in accordance with the mandate of the Indonesian
Act of 1945, article 33, paragraph 3 concerning principle of
natural resources for the welfare of the community.

WT strategy focuses on efforts to work with various
parties to overcome the limitations of fund management.
Forest management agency can take the advantages of
donor agencies to finance various activities, especially
those related to the problem of low human resources. In
order to improve the human resources, there should be a
provision of management and technical training related to
conservation. Management training is aimed at
collaborating management, while technical training is
directed to the preservation of flora and the ecosystem.
Referring to the research by Suharjito (2011), forest park
collaborative management can be developed through a
process of participatory action research. This participatory
research includes group discussions focused on the
participation of the local communities in identifying the
problems encountered, collaboration between the Forestry
Agency and local communities, improving local
communities' capacity, and restoring the area of forest park
through forest restoration, rehabilitation, and agroforestry.
Also, the forest management agency can involve
stakeholders including the local communities in preserving
flora and the ecosystem. Public participation in conserving
biodiversity of flora are important components that need to
be considered and developed, especially to reduce the rate
of environmental and natural resources degradation
(Suryawan et al. 2015). Edward and Abivardi (1998) state
that anyone who becomes involved in conservation work
soon discovers that it is a truly multidisciplinary activity.
On the other hand, to cope with external threats from the
local communities, the forest management agency needs to
collect data on socioeconomic by involving universities.
The data obtained can be used as the basis for management
policy.
Conclusions
A drier and more open forest in Tanah Merah Coast
compared to a mostly waterlogged around Samboja
Reservoir area enabled vegetation at seedling stage to grow
better. Meanwhile, the number of species at sapling stage
in the forest around Samboja Reservoir was higher than
that in Tanah Merah Coast. The same condition was found
for the tree stage of vegetation in these areas. Species
diversity (H') of seedlings at Tanah Merah Coast forest area
was higher than that around Samboja Reservoir. However,
the later had a higher diversity of saplings and trees. In
terms of species evenness (E), the number of individuals
among species for each vegetation stage in the two areas
were distributed fairly evenly.
SO strategy proposes attempts to increase the
ecological functions that can provide economic benefits,
while ST strategy suggests the management agency to
cooperate with local community to consider alternative
business and jobs. WO strategy aims at utilizing funds from
donor agencies which can be done through the application
of integrated participatory forest planning that ensures
improvement in both ecological and economic aspects,
while WT strategy utilizes the funds to improve the quality
of human resources that can be achieved through the
provision of a collaborative management training and a
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technical training that aims at preserving the flora and the
ecosystems.
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Abstract. Sudrajat J, Sawerah S, Permatasari N, Suharyani A, Karmoni A, Anshari GZ, Wardhana D, Rossanda D. 2018. People’s views
towards Gunung Palung National Park, West Kalimantan, Indonesia. Biodiversitas 19: 1138-1146. It is a common belief that the
management of national park prevents local communities from accessing the park and using the park resources. Illegal logging and other
unwanted encroachments to the park become a big problem, as national park authority has a limited capacity to monitor the whole park.
This research aimed to study how local communities viewed Gunung Palung National Park, which is located in Ketapang and Kayong
Utara District, West Kalimantan Province, Indonesia. A total of 91 respondents from seven villages were interviewed. In general, about
70% of respondents viewed the importance of economic benefits, resulting from limited access to traditional gardens in the use zone of
the park and the supply of clean water. Approximately 67% of these respondents viewed the protection of natural resources in the park
was not important. This view was possibly due to their little knowledge of the park management and the use of zoning system in the
park. It was reported that park officers have some activities, but the collaboration and relationship between park officers and local
communities need more time to mature. It seems that the poor and the youth tend to exploit more and put higher pressures on the park
than the elderly groups.
Keywords: Local people, national park management, perception, social problems

INTRODUCTION
The presence of national park as a conservation area has
a strategic role in today’s era. The benefits of forests are
increasingly felt when the area of forests continues to
decrease. Currently, the majority of the remaining forest is
located in conservation areas, including national parks.
However, in many cases, the presence of national parks
raises several social problems (Verbist and Pasya 2004;
Hollenbach 2005; Langton et al. 2005; Silori 2007;
Yogaswara 2009; Deni 2011; Diantoro 2011; Karanth and
Nepal 2011; Garner et al. 2012; Kadir et al. 2012; Kadir et
al. 2013; Mir et al. 2015; Nastran 2015; Nastran and Istenic
2015; Rawat and Chandra 2015; Tadesse and Taketay
2017). For example, villagers around the park assume that
they have lost access to forest resources and land
ownership due to the presence of national parks. In fact,
they had already inhabited the area for a thousand of years
before the national parks was established, or they firstly
have been in the area before the management of the park is
present. This phenomenon could lead to a social conflict

between the local people (the villagers) and the national
park’s authority.
These social problems also occur in Gunung Palung
National Park (GPNP), a conservation area located in West
Kalimantan Province, Indonesia. The most prominent
problem is a conflict of access to the lands surrounding the
village adjacent to the national park, both for settlement
and agricultural purposes. In addition, up to now, this park
still faces encroachment problems, particularly illegal
logging activities. Access conflicts were more intensified
after the government expanded this conservation area from
an approximately 90,000-hectare area in 1990 (based on
Forestry Ministerial Decree Number 448/Menhut-VI/1990)
to about 108,043.90 hectares in 2014 (based on Decree of
the Minister of Forestry Number 4191/MenhutVII/KUH/2014). In addition, the villagers around the park
also continue to put pressure on the officers, especially
regarding the land loss and limited access to forests due to
the expansion of oil palm plantation. Currently, oil palm
plantations have already been established on almost all
sides (south, north, east) of the park. Furthermore, it will
increase the pressure on conservation and also change the
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local people’s perceptions toward the existence and
benefits of natural forests in the park.
As a response to the increasing conflicts and pressures,
the GPNP authority since 2013 has prepared preliminary
development of a resort based management system (RBM)
by optimizing the role of national park officials in
collaborating with local communities in park management.
Until today, the effectiveness of RBM remains unknown.
Positive perceptions on the presence of the park and work
performance of resort officers can be an indicator of the
effectiveness of RBM. In fact, perception is the
determinant of the attitude and behavior of a person toward
the park (Nastran 2015). The positive and negative
perception toward the park may be influenced by people
dependence on park resources, management intervention
from park authority, benefits and losses, government
policy, and experiences. Positive attitude toward the park
management is influenced by socioeconomic demographic
characteristic and knowledge (Htun et al. 2012).
Until recently, the questions about local people’s
perceptions related to the GPNP management and the
knowledge of local people on the current park management
zone remained unanswered. Therefore, it is important to
identify the people’s perception toward the park
management, as a part of assessing the effectiveness of
management and determining the next steps in
conservation management initiatives. This study generally
aimed to investigate the local people perception.
Specifically, the objectives this study were (i) to collect
perception of local people on the park existence and
benefits, (ii) to identify knowledge and perception of local
people on the current park management, consisting of
people knowledge of GPNP zones and rules, commitment
and independent support for conservation, and work
performance of resort officers.
MATERIALS AND METHODS
Study area
This study was conducted from May to September
2017. At this phase, we covered only Kayong Utara
District, the western side of the park. This location is not
far from coastal areas (Figure 1). This figure also shows the
distribution of villages surrounding GPNP. Overall, the
national park region also covers Ketapang District, on the
eastern side of the park. Geographically, this park lies
between 01o 03’-01o 22’ S and 109o 54’-110o 28’ E. This
region has been established as a conservation area because
it has some unique natural resources, in terms of its flora
and fauna diversity. The region is frequently perceived as
one of the best and largest dipterocarp forests in Borneo. It
is estimated that about 65% of the area is still in the form
of primary forest. It still has many communities of plants
and animals. In addition, it has various types of forest
ranging from coastal areas in the form of mangrove forests,
swamp forests, lowland dipterocarp forests, low mountain
forests and upland forests. GPNP also supports rare
wildlife habitats, that is as the largest habitat for Orangutan
population (Pongo pygmaeus) in Borneo, Bekantan

1139

(Nasalis larvatus) as endemic species of Borneo, six
species of hornbills (e.g., Buceros vigil), species of bats,
and some species of other primates. Referring to
International Union of Conservation of Nature (IUCN), the
park authority divides this park into nine zone: core zone
(32.80%), specific zone for public facilities (0.03%),
specific zone for residential (0.08%), specific zone for
cultivation (9.71%), utilization zone (6.13%), rehabilitation
zone (3.41%), religious zone (0.31%), forest zone
(42.59%), and traditional zone (4.93%) (TNGP 2009).
Procedures of data collection
We did a reconnaissance study prior to data collection.
This stage helped us to (i) select the villages around the
park, (ii) comprehend general understanding of the
situations near the park, and (iii) examine the effectiveness
of the questionnaire.
Main data were collected in two different ways, namely
structured and unstructured interviews. Structured
interviews were conducted on households as sample units,
using a questionnaire as the primary data collection tool.
The questionnaire had both open and close-ended questions
to collect much information concerning socio-economic
conditions and people's perception of park management.
Besides, there were also unstructured interviews with
selected key informants intended to obtain more in-depth
information about various aspects related to community
perceptions as well as the potential for pressure on
conservation. Unstructured interviews were also used as a
means of cross-checking the information that was gathered
with structured interviews. These interviews were
conducted face to face in the afternoon or evening with the
intention that the respondents could feel comfortable
during the interview.
The household samples were selected in two stages.
First, we did a household spatial mapping in each sample
village. Then, in the second stage, we selected households
in each village using simple random sampling. Meanwhile,
the number of sample villages was determined purposively.
Seven hamlets (dusun, kampung) in four villages (desa)
were chosen which possibly could represent all
characteristics of the villages adjacent to the park (see
Figure 1). These villages were Batu Barat (Matan Raya
hamlet), Sedahan Jaya (Sawah, Tanjung Banjar, and
Begasing hamlets), Pangkalan Buton (Air Pauh hamlet),
and Sejahtera (Tanjung Gunung and Melinsum hamlets) of
Kayong Utara District, West Kalimantan, Indonesia.
The number of sample households for the purpose of
structured interviews in each village was 10%. Thus, in
total, we interviewed 91 households. Meanwhile, for
unstructured interviews with key informants, the survey
team successfully interviewed ten people, consisting of
village heads, elderly villagers, and community leaders.
Data analysis
To explain two research objectives, data analyses were
done by combining descriptive qualitative analysis and
quantitative analysis. Qualitative analysis basically
included the synthesis and verification of several aspects
that could not be measured quantitatively. On the other
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hand, the measurement of quantitative perceptions was
carried out as follows. First, we measured perceptions of
the existence and benefits of GPNP, which was a subjective
assessment of the importance of the presence of GPNP,
based on the number of scores of questions on (i)
perceptions on the existence of GPNP. These questions
included: income of the non-timber for future expectation,
environmental comfort, and natural balance, and (ii)
perceptions of the benefits of GPNP. These questions
comprised: current non-timber revenue benefits, clean
water, and recreation. Each of these assessments amounted

to 3 items, with a score index of 3 levels. Each rating had
the lowest score of 3 and the highest score of 9. They
subsequently were grouped into the following categories:
more than 7 (good), between 5-7 (moderate), and less than
5 (poor). Meanwhile, for the measurement of overall
perception level on existence and benefit was done by
summing the 6 items of the question, thus obtaining the
lowest score of 6 and the highest score of 18 and they were
subsequently grouped in the following categories: more
than 14 (good), between 10-14 (moderate), and less than 10
(poor).

Figure 1. A map showing the location of Gunung Palung National Park, West Kalimantan, Indonesia and villages surrounding the park
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Second, we measured the community’s knowledge
about GPNP, namely the people's understanding of zoning
and GPNP regulation. It was measured by the number of
scores of 5 questions. These questions were knowledge
about zone types of GPNP, park boundaries, prohibitions
for construction in park zone, prohibitions of cultivation
outside of special zones, and knowledge about allowed
utilization of non-timber forest products. The questions
were 5 items with a score index of 3. The lowest score was
5 and the highest score was 15. Then, they were grouped
into the following categories: more than 12 (good),
between 9-12 (moderate), and less than 9 (poor).
Third, we measured the community’s commitment and
independent support to conservation. This section was
measured by two indicators, namely the involvement in the
conservation of GPNP and the independent support for
conservation. The involvement in GPNP conservation was
measured by three questions: (i) whether the informant had
ever taken timber in the GPNP zone for the construction of
one's own house, family, or friend, (ii) whether the
informant had ever taken timber in the GPNP zone for sale,
and (iii) whether the informant had ever cleared forest to
make farmland in the GPNP zone. Similarly, independence
was measured by three questions, as follows: (i) does the
informant have a farm or non-farm business that can
provide fulfilment of living needs?, (ii) does the informant
ever plant timber or take care of timber in the GPNP zone
for reforestation purposes?, (iii) had he/she ever prevented
or advised anyone not to take timber in the GPNP zone?
The question of each assessment was 3 items with a score
index of 3 levels. Each rating had the lowest score of 3 and
the highest score of 9. They were subsequently grouped
into the following categories: more than 7 (good), between
5-7 (moderate), and less than 5 (poor). Meanwhile, for the
measurement of overall commitment and independent
support for conservation, it was done by adding 6 items of
questions. Thus, it obtained the lowest score of 6 and the
highest score of 18 and subsequently grouped in the
following categories: more than 14 (good), between 10-14
(moderate), and less than 10 (poor).
Fourth, we measured people’s perception on the work
performance of GPNP officers using two questions, i.e.: (i)
whether the respondents know or feel attached to the resort
officers, and (ii) whether the GPNP officers patrol is
required to preserve forests and informants are happy with
the patrols. These questions consisted of 2 items with index
score of level 3. Hence, the lowest score was 2, and the
highest score was 6, and they were subsequently grouped in
category as follows: more than 4 (good), between 3-4
(moderate), and less than 3 (low).
In addition, statistical data analysis to obtain an
inferential statistics was also used, namely Pearson ChiSquare to explain a relationship or phenomenon that
occurred in the behavior of the observed community. We
analyzed the correlation between socioeconomic,
demographic characteristic and support for conservation.
We used Statistical Package for Social Sciences (SPSS)
software version 20 to conduct data analysis.
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It is important to note that p-value is traditionally less
than 0.01 and 0.05 used to reject null hypothesis
(Schneider 2013). However, this statistical test is used to
interpret what local communities view on conservation, and
this is not just to accept or reject null hypothesis (Peeters
2016). In addition, sample size is also relatively large
(Khalilzadeh and Tasci 2017). In this study, a p-value
greater than 0.05 but less than 0.1 is considered important
or has some significant influence on conservation supports
by local communities.
RESULTS AND DISCUSSION
Socio-economic condition of local communities
Before analyzing people's perceptions, this section
begins with a description of the social and economic
conditions of the community. The results (Table 1) showed
that the locations near GPNP had been inhabited by various
ethnic groups with the majority of Kayong Malay ethnic
(64.84%). The respondents' age ranged from 27 until 77
years with an average of 47 years. The family size was an
average of four people. In terms of educational level, most
respondents (62.64%) only accomplished primary school.
The majority of respondents (90.11%) had mixed farming,
cultivating various commodities, while the remaining,
about 9.89%, worked in non-agricultural sector.
In terms of income, the majority of households
(67.03%) could be grouped as poor with monthly income
of ≤ 2 million IDR, about 24.18% of respondents had an
income level around 2-3 million IDR, and approximately
8.79% respondents obtain over 3 million IDR. The poor
category in this analysis was based on the World Bank
poverty standard, that is household income of <1 USD per
capita per day, with IDR exchange rate at the time of study,
was 1 USD = 13,200 IDR. The dominant land farm was
paddy fields, i.e., 75.82%, while rubber plantation was
about 10.99% and traditional gardens within the GPNP
zone was about 18.68% (Table 1).
A mixed farming was the most common livelihood
around the park. Villagers mainly cultivated paddy rice,
rubber and durian (as cash crop), other fruit trees, and other
seasonal crops. They also reared small-scale livestock, such
as goat and chicken, and had small-scale fisheries. Besides,
some villagers living adjacent to the park had a traditional
garden in the park. It was a mixed garden within the park
zone consisting of various species of fruit plants, such as
durian, banana, sugar palm, etc. Durian was a main
seasonal fruit planted in the garden within the current park
boundary. It was common that indigenous communities
(i.e., the Dayak people) practice shifting cultivation, collect
non-timber forest products, and hunt wildlife (Dove 1988).
Perceptions on the existence and benefits of GPNP
Perceptions on the existence were a subjective view of
society on indirect use values, such as long-term benefit
assessments, whereas perceptions on benefits are views of
direct use values. The results of the analysis are presented
in Table 2.
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Table 1. Socioeconomics characteristic of respondents
Proportion
(%)

Respondents
characteristic

Variables

Table 3. Local people’s knowledge about zoning and GPNP
rules, West Kalimantan, Indonesia

Number of samples (n)
Age
Family size
Ethnicity

91 households
27-77 yrs, average = 47 yrs
Average = 4 people
Kayong Malay
Dayak
Buginese
Balinese
Javanese
Madurese
Others
Education
Illiterate
Primary school
Junior high school
Senior high school
University
Occupation
Mixed farming
Non farm
Income level
0-500,000 IDR
500,500-1,000,000 IDR
1,000,500-1,500,000 IDR
1,500,500-2,000,000 IDR
2,000,500-3,000,000 IDR
> 3,000,000 IDR
Do you have rubber
Yes
farming?
No
Do you have rice farming? Yes
No
Do you have traditional
Yes
garden in GPNP zone?
No

64.84
1.10
8.79
5.49
4.40
8.79
6.62
17.58
62.64
10.99
5.49
3.30
90.11
9.89
9.89
10.99
16.48
29.67
24.18
8.79
10.99
89.01
75.82
24.18
18.68
81.32

Table 2. Perception on the existence and benefits of GPNP, West
Kalimantan, Indonesia
Variables
Overall perception
on the existence
and benefits of
GPNP
Perception on the
existence of
GPNP
Perception on the
benefits of GPNP

Scoring
category*

65
25
1

Proportion
(%)
71.43
27.47
1.10

65
25
1
53
36
2

71.43
27.47
1.10
58.24
39.56
2.20

Respondents (n)

Good (> 14 )
Moderate (10-14)
Poor (< 10 )

Good (> 7 )
Moderate (5-7)
Poor (< 5 )
Good (> 7)
Moderate (5-7)
Poor (< 5 )
Note: * scoring numbers in the bracket

The
average
of score
15.98

8.22

7.76

Results of the analysis indicated that about 71.43% of
households had good (positive) perception. This means that
the presence of GPNP can provide an important value in
terms of its existence and benefits to the local people in
western side of the park. The good perception is very
beneficial in supporting the success protection of this
conservation area in the future. Those who had good
perception were from the villages of Air Pauh (83.33%),
Melinsum (77.78%), Begasing (70%), Sawah (66.67%),

ResponPropor- The
-dents tion average
(n)
(%) of score
Level of knowledge
Good (> 12)
7
7.69 9.22
Moderate (9-12) 52
57.14
Poor (< 9)
32
35.16
GPNP zoning
Good
4
4.40
knowledge
Moderate
6
6.59
Poor
81
89.01
Knowledge of park
Good
49
53.85
boundary
Moderate
14
15.38
Poor
28
30.77
Knowledge about pro- Good
65
71.43
hibition to construction Moderate
10
10.99
in GPNP zones
Poor
16
17.58
Knowledge about pro- Good
10
10.99
hibition to cultivation on Moderate
4
4.40
the outside of special zones Poor
77
84.62
Knowledge allows
Good
40
43.95
utilizing non-timber
Moderate
14
15.38
forest products
Poor
37
40.66
-

Variables

Scoring
category*

Note: * scoring numbers in the bracket

Tanjung Banjar (66.67%), Matan Raya (66.67%), and
Tanjung Gunung (63.64%). Referring to some benefits that
had already been felt by the community, this good
perception was closely related to the presence of the
benefits of clean water and traditional gardens in the first
five villages. As for Matan Raya villagers, it was closely
related to the benefits of Matan River water as a source of
household water supply, the quality of which was
influenced by the existence of GPNP. Meanwhile, on the
other side, there were oil palm plantations around the
village which they extremely worried, might cause water
pollution. In Tanjung Gunung village, there was no clean
water or the traditional gardens that could be directly
utilized. Hence, the good perception scores were the least,
compared to other villages.
People’s knowledge about GPNP zones and rules
Rural resident knowledge about zoning system in the
park and also its rules is an important indicator to know the
intensity of communication between the local people and
park officers. The GPNP has nine zones, and it should be
known by the local people near this protected area. This
knowledge is important, because some aspects will
determine the planning of each zone. The results of this
analysis are presented in Table 3.
The analysis in Table 3 shows that the local people
around GPNP in Kayong Utara District had poor
knowledge about zoning system and GPNP rules. The
proportion of respondents having poor knowledge level
was 35.16%, moderate knowledge 57.14%, and good
knowledge only 7.69%. These results indicated a lack of
good communication between park officers and local
people in the delivery of regulations and management zones.
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The low level of people’s knowledge was largely
caused by their low knowledge about zoning system,
because only about 4.4% of people had a good
understanding, while about 89.01% of people did not really
understand about the division of zones. This result is very
worrying because the zoning system is basically a
management implementation of GPNP that should not only
be known by the GPNP’s officers and government agencies
but also by public as part of the involvement of the
community in the management.
Local communities had low knowledge on the functions
of zones in the park. There was low knowledge that the
farming in the GPNP zone should only be done in a special
zone for cultivation. The proportion of people who knew
this rule was only 10.99%. About 84.62% did not know it
at all, and 4.40% was ensured. Similarly, the knowledge on
the collection of non-timber forest products was relatively
low. The people who knew this rule was only about
43.95%, and the rest 56% did not know at all. Some local
communities believed that taking foodstuff such as young
bamboo was considered as an offense.
People’s knowledge about park boundaries was good
enough; about 53.85% of respondents knew it, and the
remaining 46.15% did not know and was less likely to
know. The people’s knowledge about outer boundary was
mainly obtained from information independently heard
from friends in their daily activities around the village. The
natural boundaries such as rivers seemed more easily
remembered by people than other boundary forms, such as
concrete poles. Similarly, 71.43% of respondents knew on
the ban of building houses and other buildings in the GPNP
zones, while 17.58% did not know and 10.99% was less
likely to know. Knowledge of this rule was largely derived
from the existence of various cases concerning the problem
of house construction in the GPNP’s zones, and such cases
spread more quickly in the public.
Commitment and independent support for conservation
The commitment in this study was expressed as a
willingness of respondents to uphold a rule or norm and a
willingness to exert all efforts in doing it, particularly to
protect timber in GPNP. Meanwhile, independence was
defined as the potential of individuals or households in
fulfilling the needs of their lives that did not depend on
natural forest resources especially timber. The results of the
analysis are presented in Table 4.
Table 4. Commitment and independent support for conservation
ResponScoring category* dents
(n)
Level of committed
Good (> 14)
30
and independent supports Moderate (10-14) 59
for protection (overall) Poor (< 10 )
2
Committed to park
Good (> 7)
61
protection
Moderate (5-7) 29
Poor (< 5 )
1
Independent supports Good (> 7)
12
for protection
Moderate (5-7) 54
Poor (< 5 )
25
Note: * scoring numbers in the bracket

Variables

ProThe
portion average
(%) of score
32.97 13.59
64.84
2.20
67.03
7.98
31.87
1.10
13.39
5.62
59.34
27.47
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The results of the analysis as shown in Table 4 indicate
that the majority of the villagers in Kayong Utara District
had a low level of commitment and independent support
for conservation. They had poor to moderate support for
preserving GPNP. Members of the community who had a
poor in overall commitment and independent support for
conservation was around 2.20%. Those belong to moderate
category were about 64.84% and in good category only
32.97%. The people in poor category did not support
preservation, while those in good category fully supported
conservation. Meanwhile, the moderate category might
support conservation at one time, but in certain conditions,
they might be the opposite. These results also mean that
approximately 67% of the community members did not
consider GPNP forest protection important. This
phenomenon was inferred from the level of independent
support for conservation which was very low. It was only
13.39% of respondents were considered as good, 59.34%
moderate and 27.47% poor. This result was contrary to
commitment (Table 4), but consistent with the income level
of the community, which showed that about 67.03% of
respondents fall in poor, with monthly income level of ≤ 2
million IDR (Table 1). The lack of independent supports
for protection is a serious threat to the management of
GPNP.
Perception toward work performance of resort officers
The GPNP management has done several actions to
protect this conservation area such as preparing a resortbased protection management system (RBM). This is
understandable because the resort level is a direct
institution for implementing protection programs. It means
that the reliable resort officers play a key role in the
success of the park protection. As a management
implementation, since 2013 the resort officers have been
trained on communications skill, including the smart patrol
skill, participatory approaches, and other aspects. The work
performance of resort officers as perceived by local
communities is presented in Figure 2.
Figure 2 shows that the communities around GPNP had
a fairly good perception level on the work performance of
the resort officers in communicating the messages of park
protection management. Good perception rate reached
47.25%, while the moderate and low perceptions were
47.25% and 5.49% respectively. Even though the
perception of about patrol was good (74.73%), but
friendship with resort officers was still very low. Members
of the community who felt less familiar to the resort officer
were about 29.67% and those who did not know at all
46.15%.
Selected demographic variables influencing
conservation support
To get the understanding of the community’s behavior,
this study analyzed the relationships between
socioeconomic demographic variables and supports for
conservation. The result of analysis showed that there was
a significant correlation between household income and
independent supports for conservation (Pearson Chi-Square
= 20.396, df = 4, p = 0.000). The higher household income
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Figure 2. Perception of resort performance, friendship with resort officer, and patrol activity

showed higher positive support for conservation than the
lower income. Similarly, there was a significant correlation
between respondent’s age and independent supports for
conservation (Pearson Chi-Square = 8.609, df = 4, p =
0.072). Older people were more supportive to conservation
than the younger. Conversely, the education level did not
correlate with independent supports for conservation
(Pearson Chi-Square = 4.152, df= 4, p = 0.188).
Discussion
Several factors influence people's perception on the
park. In this study, high perceptions on the existence and
benefits of GPNP were related to benefits of clean water
for household consumption all year round, site for
recreation, and utilization zone for traditional gardens (i.e.,
durian trees). The utilization of clean water and the
traditional gardens were found in several villages, such as
in Sawah, Tanjung Banjar, Begasing, Air Pauh, and
Melinsum village. However, there were no such facilities in
Matan Raya and Tanjung Gunung village. This information
suggests that improving the benefits of clean water and the
traditional gardens in each adjacent village are an important
tool for nurturing and improving people perceptions. In
other words, these findings imply that community access to
park benefits is a crucial component in creating the positive
perceptions (Fiallo and Jacobson 1995; Silori 2007;
Karanth and Nepal 2011; Garner et al. 2012; Nastran 2015;
Nastran and Istenic 2015).
Although positive perceptions toward the existence and
benefits of the park reached 71.43% (Table 2), it does
automatically reflect the positive attitude toward
conservation, as evidence in this study; but it was not
followed by level of commitment and independent supports
for conservation (Table 4). It seems that a positive attitude
towards the existence of a national park only suggests that
local communities acknowledge the existence of the park,
and may reflect a room for cooperation between local
people and the park management, but it does not always
fully guarantee the real action of local communities in the
practice of conservation (Mamo 2010). Similar positive
perceptions towards the presence of the park had been

found before, such as reported by Infield (1988), Mamo
(2010), Osunsina (2015), and Megaze et al. (2017).
There are several aspects that explain lacks
independence in conservation supports if it is related to
some socio-economic characteristics of the community.
The result of statistical analyses showed that the
independence to preserve GPNP was predominantly related
to the level of household income, and the age of the
respondents. It means that the elderly are more likely to
support conservation than the young. This finding suggests
that an approach to young household groups in villages or
hamlets around GPNP is important for improving the
effectiveness of park protection management initiatives.
Usually, productive age groups are often involved in many
community activities including deforestation to earn
income (Osunsina 2015). This result contradicts to previous
findings which show that the elderly tend to be less likely
to support park preservation than the youth (Newmark et al.
1993; Fiallo and Jacobson 1995; Arjunan et al. 2006;
Shibia 2010; Megaze et al. 2017). The lack of support of
the older age is related to the experiences before (Shibia
2010) or fear that the park would threaten their livelihood,
such as for grazing, fuel-wood, and other forest product
(Megaze et al. 2017). Conversely, independence for
conservation was not influenced by levels of education.
The last result is consistent with Nastran and Istenic (2015)
findings, which indicate that education does not affect
population support for the park. It can be explained that the
fulfillment of livelihood determines the behavior of
individuals more than other aspects such as education.
Furthermore, results of the analyses also show that the
income level was the most important determinant of
conservation because the income affects the interaction
between local people and forest resources. These results are
in line with the findings of Silori (2007) and Megaze et al.
(2017) which reveal that the promotion of income increase
is an important alternative in reducing community
dependence on national parks. In other words, an increase
in people's incomes is an important factor that leads to the
protected conservation area (Karanth and Nepal 2011).
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The results also indicate the importance of community
empowerment around GPNP that leads to significant
increases of income. Therefore, people around GPNP need
to be given many options related to their livelihoods.
Limited employment in rural areas or low income in
agriculture production is a serious threat to the
conservation of GPNP. The limitation of employment is a
logical consequence of the presence of national parks. This
is often the most common view of local people in many
national parks, as reported by Garner et al. (2012).
Therefore, practical management that emphasizes the need
for community participation to find a balance between
biodiversity conservation and the socio-economic
fulfillment of dependence on forest resources is very
important (Rawat and Chandra 2015).
Meanwhile, the low level of public knowledge is caused
by poor communications conducted by park officers. The
results of the study showed that people recognition of the
resort officers was still very poor, although park officers
often patrolled the area. The low intensity of
communication between the resort officers and local people
(Figure 2) has led to low knowledge about management
zones and the GPNP rules (Table 3). The current friendship
and interaction between resort officers and local
communities were low, and need to intensify. Local
communities who really knew the resort officers were only
24.18%. In fact, good relations with the resort officers has
strong impact on a positive perception towards park
conservation, as reported by Fiolla and Jacobson (1995).
Therefore, as an effort to optimize the park protection
management, an indispensable effort is increasing the
frequency of socialization and communication conducted
by the resort officers.
The lack of knowledge on part zonation further puts
pressure on the GPNP. This was evidenced by the people’s
views which tend to contradict the purpose of park
protection. For example, this study found a statement of the
local people, as follows: "........ if the local people are not
given the access to the land around the village within the
park, it means the park is more important to animals than
humans ............." (Interview, August 4, 2017)
This means that local communities feel that park
authority or conservationists and governments are generally
more concerned about wildlife than human welfare. The
same feeling of local people also occurs in the protection of
wildlife in the Kashmir valley-India, as reported by Mir et
al. (2015).
Subsequently, the pressure caused by agricultural land
expansion also continues to occur. The agricultural
expansion, on the one hand, may be limited to fulfill the
household needs in subsistence level, but on the other hand,
it can also be a form of income increase that leads to the
accumulation of capital. For example, at present, there are
oil palms planted by household in Melinsum village. It will
be the real pressure when the economic success of the
households that have the oil palm is used as a reference for
generating income by other households. The expansion of
oil palm crops done independently by households within
the park will be difficult to prevent if it has been done by
many households, because the planting expansion can be
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done at any time and scale. The land conversion
opportunities are possible because the palm is currently the
most profitable crop (Budidarsono et al. 2012a, 2012b). In
addition, the selling price is relatively stable and there is a
tendency to increase compared to other plantation
commodities whose prices are more volatile (Djunaedi
2003; Diantoro 2011). The conversion of national park land
into oil palm plantations has already occurred in Tesso Nilo
National Park, Riau Province-Indonesia in a larger scale,
because the perpetrators are not only local people but also
capital owners from outside the village (Diantoro 2011).
Overcoming such a pressure, the efforts to generate
incomes of the people around the park is a solution that
must be done immediately, especially for villages or
hamlets which are very vulnerable in terms of economy.
Economy empowerment can be done by the formation of
an economic cluster on the development of certain
commodities outside the park area not far from the villages.
Agricultural commodities developed should be profitable to
be traded to other areas, so it will bring the flow of money
to the villages around GPNP. Besides, there is a need to
develop non-land based economic programs. These can be
community programs on environmental services, tourism,
or putting more values on non-timber forest products.
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Abstract. Susetya IE, Desrita, Ginting EDD, Fauzan M, Yusni E, Saridu SA. 2018. Diversity of bivalves in Tanjung Balai Asahan
Waters, North Sumatra, Indonesia. Biodiversitas 19: 1147-1153. Local and regional market demands for bivalves increase outside
Tanjung Balai City and Asahan District Waters, North Sumatra, Indonesia. As a result, high exploitation of bivalves occurred. In the
other hand, there were less comprehensive information and studies on the diversity of bivalves in this area. This study aimed to
determine the diversity of bivalves and water quality of Tanjung Balai Asahan Waters; was conducted between July 2016 and November
2017. Sampling of bivalves was conducted monthly. Several physical and chemical parameters were quantified. Data analysis included
community structure analysis and Principal Component Analysis (PCA). The result showed that there were 16 species of bivalves from
7 families in Tanjung Balai Asahan Waters. Station 2 had the highest composition of bivalves, while the lowest was noted at Station 1.
The mean abundance of bivalves at stations 1, 2 and 3 were 352±22 ind/m2, 222±14 ind/m2 and 388±30,2 ind/m2, respectively. In
general, the index of diversity was categorized as low to moderate. The evenness index was categorized as low to high, while the
dominance index indicated the absence of dominant species at almost all stations except station 1. Water quality of the waters was still
in capacity to support the life of bivalves. Based on PCA analysis, it was obtained that the abundance of bivalves was positively
correlated with nitrite, nitrate, phosphate, salinity, and pH.
Keywords: Abundance, Asahan, bivalves, diversity, PCA, Tanjung Balai

INTRODUCTION
Marine and fishery potential of North Sumatra,
Indonesia consist of potency of capture fisheries and
aquaculture, in which potency of catch fishery consist of
potential of Malacca Strait (east coast) of 276.030 tons/year
and potential of Indian Ocean (west coast) of 1.076.960
tons/year. Aquaculture production consists of 20.000 ha
ponds, marine aquaculture of 100.000 ha, freshwater
cultivation of 81.372,84 ha and public waters of 155.797 ha
(Department Fisheries and Marine of North Sumatra
Province 2014).
Tanjung Balai Asahan Waters are located in the east of
North Sumatra, Indonesia with Malacca Strait bordering to
the north and east, North Labuhan Batu District to the
south and Tanjung Balai City to the west. These areas
mostly include Teluk Nibung and East Sei Kepayang
subdistricts of Asahan District. These waters are potential
waters with freshwater input from Asahan River and other
small rivers that can transfer nutrients from the mainland as
well as bringing domestic and industrial wastes (Intan et al.
2013). Tanjung Balai Asahan Waters have a high potential
and provide many marine products for North Sumatra
because of this area is a fishing ground of some
commodities, such as fish, shrimp, mollusks (bivalves and
gastropod) and crab (Fauzan et al. 2018).
As much as seven species of mollusks were found in
the waters of Tanjung Balai Asahan, such as Anadara

granosa, A. maculosa, A. antiquata, Mytilus viridis, Pectin
sp., Tivela stultorum and Strombus sp. (Intan et al. 2013).
Six out of them were bivalves and one was gastropod.
Besides, Fauzan et al. (2018) state that species of bivalves
in Tanjung Balai Asahan Waters, especially in the intertidal
zone, are Anadara granosa, A. gubernaculum, Perna
viridis, and Meretrix meretrix.
One of the most widely used fisheries potential
commodities is bivalves. Bivalves are one of the most
common groups of invertebrate organisms and inhabit
intertidal regions (Manzo et al. 2014; Walag and Canencia
2016). This group is known for its special adaptation that
allows it to survive the areas in which physical and
chemical stress are attained. In addition, bivalves also have
adaptation mechanism against currents and waves.
However, they have no ability to move quickly (motile),
making them very easy to catch (Robson et al. 2010).
Bivalves have been exploited for various purposes,
ecologically, economically, or other purposes (Srimariana
2015). Bivalves act as constituents in the food chain in an
ecosystem. The economic benefits of bivalves are as food
sources, and their shells are used as decoration (Mikkelsen
and Henne 2011). Bivalves are also a source of tasty and
nutritious food with high protein content yet low prices in
India and Southeast Asia (Jagadis and Rajagopal 2007).
Bivalves are also used as bioindicator for their slow
movement and sedentary life (Guijarro et al. 2015; Dabwan
and Taufiq 2016; Azizi et al. 2018).
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Bivalves are a fishing commodity favored by the locals
of Tanjung Balai City and Asahan District. Its presence is
abundant in nature, but the fishermen exploit with various
sizes both big and small without considering its
sustainability. Increasing demand for bivalves in the market
in meeting both local and regional needs outside the area
has led to the exploitation that tended to neglect the
principles of sustainability of natural resources. Increased
fishing activity has brought about the pressure on bivalve
populations and emerged the concern about the
sustainability of bivalves in the area. To date, there was no
comprehensive information and no study available on the
diversity of bivalves in the waters of Tanjung Balai
Asahan. The purpose of this research was to gather
information about the diversity of bivalves in this area.
MATERIALS AND METHODS
Study area
The study was conducted in September to November
2017 in the waters of Tanjung Balai City and Asahan
District, North Sumatra, Indonesia. Sampling of bivalves
and water quality was conducted on monthly basis.

Research site was divided into 3 stations based on typical
area such as estuary area as station 1, station 2 and 3 as
intertidal zone. Station 3 is an intertidal zone near the
mainland of the Batubara region (Figure 1). The
identification of bivalves was conducted at the Integrated
Laboratory of Resource Management, Faculty of
Agriculture, University of North Sumatra. Nitrate, nitrite,
and phosphate analysis were conducted at the Research
Center and Industrial Standardization of Medan. Organic
matter and substrate texture were analyzed at the
Laboratory of Research and Technology of the Faculty of
Agriculture, Universitas Sumatera Utara, Medan,
Indonesia.
Procedures
Bivalves sampling was conducted once a month using a
dredge of 0,39 x 0,24 m in size. The dredge was operated
by descending it into the water and then take samples of
bivalves. Samples taken are collected on board. Samples
were taken three times for each station. Samples were then
transported to the laboratory for cleaning and identification.
To identify the species, it was used Dharma (2005) as the
reference.

CITY

Figure 1. Sampling sites of bivalves in Tanjung Balai Asahan Waters, North Sumatra, Indonesia: Station 1 (03o01’25,47”N99o51’44,32”E), Station 2 (03o06’55,48”N-99o49’03,86”E), and Station 3 (03o07’12,47”N-99o48’09,67”E)
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Water parameters were temperature, DO, pH, salinity,
nitrate, nitrite, phosphate, visibility, organic matter and
substrate texture. Temperature, DO, pH, salinity and
visibility were measured in situ. Water samples were taken
for nitrate, nitrite and phosphate analysis in the laboratory.
Sediment samples were also collected for organic matter
and substrate texture analysis in the laboratory.
Data analysis
Abundance
Abundance of organism in a water can be expressed as
the number of individuals per area. Bivalves abundance
was determined following a formula according to Odum
and Barrett (2005) as follow:

A=

Xi
ni

Where,
A : Abundance (Individual/m2)
Xi : The number of individual of species i
ni : wide area
Diversity Index (H ')
Diversity Index is a characteristic of a community that
describes the level of species diversity of present organisms
in the community. We used Shannon-Wiener's diversity
index (Odum and Barrett 2005) with following formula:

H ' = − ∑ piLog2 pi
Where,
H’ : Diversity Index
Pi : Necessary probability for each species = Xi/N
Xi : Number of individual of species i
N : Number of all individuals encountered
Categories of diversity: H’ < 1 = low, 1 < H’ < 3 =
moderate and H’ > 3 = high
Evenness Index (E)
Evenness index is the ratio of the value of diversity to
the logarithm of the number of species. The formula for
evenness index according to Krebs (1989) is:

e=

H'
Log 2 S

Where,
E
: Evenness Index
H'
: Diversity Index
Hmax : log2S
S
: Number of species
Categories of evennes: e < 0.4 = low, 0.4 < e < 0.6 =
moderate and e > 0.6 = high
Dominance index (C)
According to Odum and Barrett (2005) the dominance
index is the degree to dominance of one, several or many
types. The Simpson dominance index formula is:

⎛ Xi ⎞
C = ∑⎜
⎟
⎝ N ⎠
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2

Where,
C
: Dominance Index
Xi : Number of individual of species i
N : Total individual found
Categories of dominance: 0 < C < 0.5 = absence of
dominant species, 0.5 < C < 1 = there is dominant species
Principal Components Analysis (PCA)
Multivariable statistical analysis approach based on
Principal Components Analysis (PCA) was conducted to
determine the effect of environmental parameters on
bivalve abundance. PCA analysis was done using XL stat
software program.
RESULTS AND DISCUSSION
Species composition and abundance
As much as 16 species of bivalves from 7 families, such
as Arcidae, Donacidae, Mactridae Mytilidae, Pinnidae,
Tellinidae, and Veneridae, were found in the waters of
Tanjung Balai Asahan. Species composition was the
highest at station 2 while the lowest was at station 1.
Bivalves Donax faba, Meretrix meretrix and Tapes
sulcarius were all found at all stations. The mean
abundance of bivalves at station 1, 2 and 3 were 352±22
ind/m2, 222±14 ind/m2 and 388±30,2 ind/m2, respectively
(Table 1). The most abundant species at station 1 was M.
meretrix, while that at station 2 and 3 corresponded to T.
sulcarius. Species composition and abundance of bivalves
in Tanjung Balai Asahan Waters are presented in Table 1.
Table 1. Species composition and abundance of bivalves in
Tanjung Balai Asahan Waters, North Sumatra, Indonesia
Family
Arcidae

Bivalvia species

Anadara granosa
Anadara gubernaculum
Anadara inaequivalvis
Donacidae Donax faba
Mactridae
Mactra grandis
Mytilidae
Modiolus micropterus
Pinnidae
Actrina pectinata
Tellinidae
Tellina timorensis
Veneridae
Callista erycina
Callista lilacina
Dosinia dilecta
Dosinia variegate
Meretrix meretrix
Paphia gallus
Paphia undulate
Tapes sulcarius
Average abundance of bivalve /m2

Abundance (ind/m2)
ST 1
ST 2 ST 3
0
9
8
0
29
53
0
13
30
7
34
23
81
0
0
0
1
0
0
0
0
0
1
0
0
0
1
11
0
0
0
7
5
0
1
0
245
24
58
0
11
11
0
13
47
8
78
151
352±22 222±14 388±30.2
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Diversity, evenness and dominance index
Diversity, evenness and dominance index described
structure community. In general, diversity index of
bivalves in Tanjung Balai Asahan Waters was categorized
as low to moderate. Moderate diversity index indicated that
bivalves’ community in Tanjung Balai Asahan Waters was
in a good condition. This was in accordance with
Akhirianti et al. (2014) which stated that low diversity
index means that bivalves community is in a stable
condition despite competition between species for food and
space. Evenness index was categorized as low to high
while dominance index indicated the absence of dominant
species at almost all stations except station 1 (Table 2). It
was found that M. meretrix was dominant at station 1.
Water quality and substrate texture
Water quality measurement in this present study
included physical and chemical parameters. From the
parameter observed, it was found that the waters were still
considered suitable to support bivalves’ life. Temperature,
salinity, water transparency, pH, DO and nitrites were
noted to have the lowest value at station 1 while depth,
nitrate, phosphate and organic matters were the highest at
this station. Salinity and DO were found the highest at
Sation 2. The highest pH and nitrite were at station 3.
Substrate texture at station 1, 2 and 3 was sandy clay,
sandy clay loam, and sand, respectively. Water quality
values and substrate texture at each station are shown in
Table 3.
Table 2. Diversity, evenness and dominance index
Index
Diversity (H')
Category
Evenness (E)
Category
Dominance (C)
Category

Station
1
2
0.63
1.77
Low
moderate
0.54
0.62
Low
high
0.71
0.50
There was
dominant species

3
1.59
moderate
0.76
high
0.42
-

Table 3. Water quality values and substrate texture in Tanjung
Balai Asahan Waters, North Sumatra, Indonesia
Water quality

1

Station
2

3

Physical parameters
Temperature (°C)
Salinity (‰)
Water transparency (m)
Depth of water (m)

29.88
0.79
0.58
4.78

30.38
32.7
0.95
2.61

30.69
32.4
0.93
1.18

Chemical parameters
pH
DO (mg/L)
Nitrate (mg/L)
Nitrite (mg/L)
Phosphate (mg/L)
Organic matter (%)
Substrate texture

7.28
4.63
2.99
0.024
0.048
0.78
Sandy clay

7.91
5.36
1.29
0.044
0.019
0.71
Sandy clay loam

8.06
4.93
1.87
0.050
0.025
0.38
Sand

Figure 2. Result of Principal Component Analysis

Principal Component Analysis
Analysis of bivalve characteristics between research
stations resulted in diversity of 31,05% at the first axis and
20,03% at the second axis. The total diversity of both axes
was 51,08%. Based on PCA analysis, formation of F1
positive and F2 positive axeses was DO, temperature, and
visibility. Salinity, pH, and nitrite formed F1 positive and
F2 negative axeses. Formation of F1 negative and F2
negative axises was the abundance of bivalves, phosphates,
and nitrates. Grouping variables of organic matter and
depth of water formed positive F1 and positive F2 axises.
The most positive and strongly correlated parameters with
bivalve abundance were nitrites. The abundance of bivalves
was also positively correlated with nitrate, phosphate,
salinity, and pH. Positive correlations were characterized
by an angle of 90° or less than 90° between bivalve
abundance and water quality parameters. The smaller the
angle formed, the stronger the correlation (Figure 2).
Discussion
Station 1 had the lowest species composition compared
to other stations. Bivalves of the genus Anadara and Paphia
were not found at station 1. This was due to low salinity at
this station so that the most abundant species were Meretrix
meretrix. Bivalves from genus Anadara (Handayani et al.
2015) and Paphia (Zarkasyi et al. 2016) preferred waters
with higher salinity. McKeon et al. (2015) stated that the
grouping of bivalve communities occurred due to different
salinity. Salinity affected production, distribution, lifespan,
and migration orientation of bivalves (Islami 2013).
Wibowo et al. (2017) stated that distribution of benthic
macroinvertebrates is influenced by the interaction of
habitats, physicochemical variables, structural and
hydrological characteristics and human activities. Changes
in characteristics, habitat and environmental resources of
Tanjung Balai Asahan Waters can strongly influence
patterns of spatial and in bivalves communities. Our results
showed that the highest species composition corresponded
to station 2. This high composition was possible since
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station 2 was located in the intertidal zone (littoral). Littoral
zone is the transition zone between marine and land
environment so that various invertebrate are present in this
zone (Kang et al 2013; Hwang et al. 2015 and Setyaboma
et al. 2015).
Average abundance of bivalves was the highest at
station 3 and the lowest at station 2. Nitrate, nitrite and
phosphate content at station 3 affected bivalve abundance
as it was related to plankton as a food source. Nitrate,
nitrite, phosphate is a nutrient for the growth of
phytoplankton. Phytoplankton is a consumer of nitrogen
compounds in seawater and takes nitrogen compounds
gradually in the first order of nitrogen-nitrate (NO3-N),
then nitrogen-nitrite (NO2-N), and finally nitrogenammonia (NH3-N) (Susana 2004). Phosphate is the primary
productivity limiting factor so that if the phosphate content
in water is high will increase growth phytoplankton in a
short time (Susana 2004; Fathurrahman and Aunurohim
2014). Result showed that station 3 had the second highest
content of nitrate, nitrite, and phosphate after station 1.
Station 1 had the highest nitrate and phosphate contents
because at this station, the organic matter was also high.
Station 1 was located in the estuary area so that high
organic material, nitrate, nitrite and phosphate content was
explicable. Estuary areas receive a high input of freshwater
from the mainland. The high organic material in the estuary
causes substrate texture in this area more refined than that
in other locations. This is in line with the statement of
Windusari et al. (2014) which states that areas with a
smooth distribution of substrate particles contain higher
organic matter. According to Kodama et al. (2012), the rich
organic matter content is positively correlated with the
proportion of dust and clay, but it is negatively correlated
with the proportion of sand. This may cause the differences
in the spatial distribution of benthic macrofauna as well as
the population of individual in a community.
The most abundant species at stations 2 and 3 was T.
sulcarius whereas the most abundant species in station 1
was M. meretrix. Abundance was related to the substrate
texture and water quality at each station. Substrate texture
in station 2 and 3 was sandy clay loam and sandy.
Handayani et al. (2015) reported that Tapes sp. was a
species with the highest abundance in location that has
substrate textures with more sand content. This is
evidenced by the highest abundance value of this species at
station 3. Infaunal species such as T. sulcarius are collected
in locations where the texture of the substrate often mixes
with the sand that allowing this species to burrow
(Masangcay and Lacuna 2017). Macrozoobenthos from
classes of gastropod and bivalve tended to be found in the
sand substrate type (Basyuni et al. 2018). The texture of
sandy clay substrate was suitable for the life of M.
meretrix. Setyobudiandini et al. (2004) stated that M.
meretrix is a type of shellfish that is generally spread
widely along fine sandy beaches. According to Veiga et al.
(2014), texture of the substrate is one of the factors that
affect the pattern of the distribution of macrozoobenthos
including bivalves. In addition to the role as
residence/habitat, substrate also serves as a hoard of
nutrients, a place for gathering organic materials and a
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shelter from the threat of predators. Salinity also affected
the abundance of M. meretrix. This type of shellfish is
commonly found in estuary areas with low salinity. Salinity
was inversely proportional to the abundance of this species.
Increased salinity caused a decrease in abundance of M.
meretrix (Setyobudiandini et al. 2004).
The value of diversity index can illustrate the
productivity, ecosystem condition and ecological pressure
(Fitriana 2006). The results showed that diversity index in
Tanjung Balai Asahan Waters has low to moderate criteria.
The low criteria on the Diversity Index showed that very
low productivity, high stress and unstable ecosystem.
According to Fitriana (2006), the moderate criteria on the
Diversity Index shows high enough productivity, balanced
ecosystem conditions, and moderate ecological pressures.
Ecological pressure in the area with moderate diversity
index was not too large. This suggested that water
productivity was high enough that the balance of ecosystem
conditions was maintained, indicated by the number of
species found. The availability of food sources for bivalves
is maintained when productivity is high. The location of
this present study with moderate criteria on the diversity
index was far from human activities. Stations 2 and 3 are in
the intertidal zone while station 1 is at the estuary. The
location of station 1 is adjacent to human settlements,
fishing activities, ship traffic and waste disposal. Increased
human activity caused a decline in ecosystem conditions
due to household waste.
Low categorization of Evenness index indicated that
individual distribution was not equal and there was a
tendency for a community to be dominated by particular
species (Basyuni et al. 2018). High Evenness Index in a
community showed that the number of individuals of each
species was almost the same and there were no dominating
species. According to Kharisma et al. (2012), this index
describes the ecological balance in a community, in which
the higher the value of evenness index the better the quality
of the environment for the life of bivalves. Evenness Index
of 1 means that all existing samples of each species are
nearly the same in numbers in a given environment
(Fitriana 2006; Sihombing et al. 2017).
The results showed that there were dominant species at
station 1. Domination indicated that species diversity in
this area was low. Dominating species was M. meretrix
because this species was known for its capability to adapt
to highly fluctuated estuary zone. Estuary has lower
salinity than that of sea waters due to freshwater input from
the mainland. Organisms living in this area should have
high adaptability to salinity changes. Estuary is also
characterized by the high content of organic matter due to a
high input of waste from the mainland including household
waste, industrial waste or fertilizer used in agriculture.
Fitriana (2006) stated that domination is the indication that
each species has different capability of adapting to the
environment.
Based on PCA analysis, bivalve abundance was
positively correlated with nitrite, phosphate, nitrate,
salinity, pH, and visibility. On the other hand, abundance
of bivalves was negatively correlated with depth of water,
organic matter, temperature and DO. Nitrates, nitrites, and
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phosphates are nutrients in the water. Bivalves are filter
feeder organisms that feed on the particles of organic
matter and living things suspended in water. The presence
of plankton in waters is influenced by nutrients, especially
nitrates and phosphates. Nitrates and phosphates are
nutrients for the growth of plants and algae in the waters
(Effendie 2003). In addition, plankton especially
phytoplankton is also a food source for bivalves (Arapov et
al. 2010). The pH was also positively correlated with the
abundance of bivalves and nutrients. The solubility of
phosphate and nitrate after becoming phosphorus and
nitrogen is strongly related to the reactions of redox and the
degree of acidity (pH). The results showed that areas with
high salinity had high species composition and abundance.
The visibility is related to the intensity of light penetrating
the water column. If the visibility is high, the penetration of
light is also high, causing the photosynthesis process takes
places well so that the food sources, especially
phytoplankton for Bivalvia is also abundant.
Negative correlations between bivalve abundance and
depth were caused by low visibility values at the study sites
from high sedimentation. The low water depth allowed
sunlight to reach the bottom of the water so photosynthesis
would take place. This resulted in the increasing of food
source for bivalves in the form of plankton. The availability
of food is one of the factors affecting the distribution of
bivalves in the waters (Pawar and Al Tawaha 2017).
Organic matter was also negatively correlated with the
abundance of bivalve. This was because organic matter was
also a source of food for bivalves. The predation of organic
matter by bivalves caused the loss of organic matter in the
waters. The cause of the decline of organic matter in waters
was also caused by the degradation of organic matter into
phosphorous and nitrate ions. Temperature and DO were
also negatively correlated with the abundance of bivalve.
The rising in temperature caused the bivalves to immerse
themselves in the substrate. Bivalves have the ability to dig
up substrates to shelter from predators as well as rising
temperature. According to Ambarwati and Trijoko (2010),
bivalves have shell shape, foot shape, chiffon and gills that
are very suitable for digging the substrate and living as a
suspension eater in the waters. The decrease in dissolved
oxygen in the waters was caused by the activity of
decomposition of organic material by bacteria (Kale 2016),
temperature rise (Kale 2016) and the utilization of
dissolved oxygen for respiration of aquatic organisms
(Wilson 2010). A high bivalve abundance can cause a
decrease in dissolved oxygen content in the water.
Based on the result of research, we can conclude that
there were 16 species of bivalves from 7 families in
Tanjung Balai Asahan Waters. Composition of bivalve
species was highly in station 2 and the least was station 1.
The mean abundance of bivalves at stations 1, 2 and 3 were
352±22 ind/m2, 222±14 ind/m2, and 388±30,2 ind/m2,
respectively. In general, the biodiversity index was
categorized as low to moderate. The evenness index was
categorized as low to high, while the dominance index
indicated the dominant species in station 1. Based on PCA
analysis, the abundance of bivalves was positively

correlated with nitrite, nitrate, phosphate, salinity, and
pH.
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Abstract. Lapolo N, Utina R, Baderan DWK. 2018. Diversity and density of crabs in degraded mangrove area at Tanjung Panjang
Nature Reserve in Gorontalo, Indonesia. Biodiversitas 19: 1154-1159. This study was aimed to analyze the diversity and the density of
crabs in a degraded mangrove area including in the intact mangrove area and the fishponds (the degraded mangrove area).. The data
from this study could be used as supporting data for decision makers to slow down the degradation of mangrove along the area of
Tanjung Panjang Natural Reserve. The observed data i.e diversity and density of crabs were collected using the stratified random
sampling method (10 m x 10 m plot). Environmental parameters suited to crab habitat were also measured. The samples were taken
from 18 spots. The study shows that 20 species of crabs were obtained within the mangrove area, and 11 species were founded within
the fishponds area. Interestingly, two species of crabs i.e Varuna yui and Varuna litterata were only founded in fishponds area. The
density of crabs in mangrove area ranged between 3.23 ind/300m2 and 4.52 ind/300m2, while the density of crabs in fishponds area
ranged between 0.16 ind/300m2 and 0.63 ind/300m2. Further study revealed that characteristics and the age of mangrove trees affected
macrozoobenthic biota (Gastropods, Bivalvia, Mud Lobster, Polychaeta, and shrimp) as well as fish diversity within mangrove in
Tanjung Panjang Natural Reserve. These may be important for further restoration program of mangrove ecosystem and the sustainable
restocking for conservation purposes.
Keywords: Crabs, degradation, density, diversity, mangrove, Tanjung Panjang Natural Reserve

INTRODUCTION
Mangrove ecosystem is one of the important areas for
fauna living in surrounding mangroves because it has
various ecological, physical, and economical functions.
However, most mangrove forests in Indonesia have been
degraded, now. This is due to human activities, such as
conversion of mangrove area into fishponds area and
several phenomena such as abrasion, sedimentation, and
rob flood (Farhana et al. 2016).
Mangrove forests are used as a feeding ground, nursery,
and spawning for several aquatic creatures (Harahab 2009).
They also have a function to protect some juvenile and fish
larva as well as clams from their natural predators.
Conversion of mangrove area into fishponds for
aquaculture has changed the composition of mangrove tree.
As consequences, mangrove trees no longer serve as the
feeding ground and the nursery ground for sea creatures.
The conversion of mangrove forests into fishponds area
could threaten the regeneration of these aquatic creatures.
Tanjung Panjang Natural Reserve in Gorontalo
Province, Indonesia is one of mangrove forests that its
status is considered to become a degraded mangrove, now.
This happens due to the conversion of its area into
fishponds. It was estimated that 16 ha of mangrove forest
was converted into fishponds in 1994. The fishponds area
has significantly increased from 297 ha in 2000 to 7,129 ha
in 2015 (Blue Forests 2017). This clearly shows that

conversion of mangrove forests into fishponds have
significantly increased for the past 15 years.
The conversion of mangrove forests into fishponds and
shrimp ponds also degrades the habitat of many aquatic
creatures. The degradation of this habitat has brought
severe consequences for the biotic environment, including
the disturbed population of the aquatic biota, i.e., crabs in
that environment. Anggraeni et al. (2015) mentioned that
crabs are one of biotas that play a critical role in water
habitat. Crabs have relatively stable habitat. Li et al. (2015)
indicated that crabs have significant correlation with the
flow of energy and species, which used seeds as diet since
various species of crabs respond to vegetation differently.
This study was aimed to analyze the diversity and
density of crabs along the area of mangrove and fishponds.
This study intends to gather the data of crab species within
the area of degraded mangrove in Tanjung Panjang Natural
Reserves. It is expected that the output of this study will be
further used as supporting data for policy-makers to slow
down the degradation of mangrove in that area.

MATERIALS AND METHODS
The research site of this study was located in
Tanjung Panjang Natural Reserve of Pohuwato District,
Gorontalo Province, Indonesia. The research site covers
three villages i.e Siduwonge, Patuhu, and Limbula villages
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(Figure 1). This study was conducted for three months,
from October to December 2017. This study used
explorative survey method. Primary and secondary data
were collected in this study. Primary data consisted of the
identification of all crab species, level of diversity, and
density of the crab population by stratified random
sampling (Figure 2). While secondary data was obtained
from the statistical data of Pohuwato District, and the data
from non-government organization (Blue Forests 2017).
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The data was collected using stratified-random
sampling method. Each research stations had three
quadrants of sampling plots with the dimension of 10 m x
10 m (100 m2). In each plot, the crab samplings were taken
using three quadrants with the size of 1 m x 1 m (1 m2),
with the total of nine quadrants per zone. Further, the
observation was conducted in every 100 m2 plots to find
the unavailable crab samples in 1 m2 (Chapman 1998).

Tanjung Panjang
Nature Reserve

Figure 1. Research sitemap within the area of Tanjung Panjang Natural Reserve of Pohuwato District, Gorontalo Province, Indonesia

10 m

Note :
= plot 10 m x 10 m (100 m2)

10 m

= wood stick of each corner
= quadrate 1 m x 1 m (1 m2)
= active observation for crabs
within the plot (100 m2)

Figure 2. Transect and Plot Location in One Research Station (Chapman 1998)
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Crabs species in mangrove area

Gecarcinidae Family

Grapsidae Family

Cardisoma carnifex

Metopograpsus latifrons

Oziidae Family

Sesarmidae Family

Neosarmatium sp.

Myomenippe sp.

Chiromantes eumolpe
Sesarmidae Family

Perisesarma eumolpe

Episesarma mederi

P. indiarum

Parasesarma sp.2

P. leptosoma

Parasesarma sp.1

Ocypodidae Family

U. chlorophthalmus

U. ecuadoriensis

U. tetragonon

U. urville

Ocypodidae Family

Uca inversa

U. dussumieri

Portunidae Family

Uca vocans
Scylla serrata

Scylla tranquebarica

Crabs species in fishponds area

Varunidae Family

Varuna yui

Varuna litterata

Figure 3. Crabs species in the research site of Tanjung Panjang Natural Reserve of Pohuwato District, Gorontalo Province, Indonesia
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Table 2. The composition of number of species and number of
individuals found in the research site
Mangrove
Fishponds
Total
area
area
Gecarcinidae
1 (30)
1 (2)
32
Grapsidae
2 (291)
0
291
Oziidae
1 (13)
0
13
Sesarmidae
7 (5160)
3 (200)
5360
Portunidae
2 (7)
0
7
Ocypodidae
7 (1248)
5 (127)
1375
Varunidae
0
2 (473)
473
Total
20 (6749)
11 (802)
7551
Note: Number outside the bracket indicates the number of species
and number within the parenthesis indicates the number of
observed individuals
Family

Crabs samples were taken within the 1 m x 1 m
quadrate (1 m2), which was randomly placed under the
mangrove tree and within the fishpond area. The quadrates
are placed in a representative area (the visible crab holes).
For 15 minutes, all crabs were gathered from the surface of
the substrate and were dug from the sediments to the depth
of about 20 cm. The crabs living under the tree area (trunks
and branches) were observed up to 1.5-2.00 m from the
mud surface for arboreal species., The other location such
as the remaining trees (the decomposed tree) were also
observed to look for other crab species. The crabs that
could be identified on the spot were released after the type
and number of crab's individuals were recorded on the data
sheet.
The calculation of species and number of individual
was done using the crab’s holes with the size of the holes
(0-1 cm, 1-3 cm, and > 3 cm) and the length of the 1 m x 1
m (1m2) quadrate. Each crab hole represents the number of
crabs residing within one plot (Kathiresan et al. 2016). To
count the number of crab holes, the quadrate was then
divided into four quadrants of 50 cm x 50 cm. For
unidentified types of crabs, the samples were collected for
further analysis using the identification guideline book by
Irawan (2013), Chapman (1998) and other supporting
journals.
The collected specimens were stored in samples bags,
labeled, and stored in the freezer to be further identified.
The big size crabs were not collected within the quadrate,
but they were observed in each plot of 10 m x 10 m (100
m2) for 5 minutes, including the tree bark habitat, holes,
and puddle. The crab collection was conducted during the
low tide to make the collection easier (Katili et al. 2017). In
addition, the soil samples were also taken during the low
tide using the core panel which was modified from PVC
pipe with the depth of 0-30 cm (Sara et al. 2014) to check
the level of soil nutrition (N, P, K).

Garside, Ocypodid, Oziidae, Portunidae, Sesarmidae, and
Varunidae. Sesarmidae and Ocypodidae families were the
largest species with each family consisted of seven species.
For other families, i.e., Portunidae, Grapsidae, and
Varunidae, each had two species followed by Gecarcinidae
and Oziidae with each of them one species (Figure 3).
Overall, Sesarmidae and Ocypodidae were found
abundantly in the research site.
Crab diversity and density in research site
Crab diversity value index is presented in Figure 3. It
shows that crab species in station II has the value which
categorized in zone 3: 1.72, zone 1: 1.68, and zone 2: 1.08.
While in station I, the diversity value index in the sequence
have belonged to zone 2: 1.68, zone 3: 1.47, and zone 1:
1.28.
The fishpond area had the lower diversity index than
the mangrove area. In the station, I, the diversity index in
the sequence were zone 2 with 1.25, zone 3 with 1.21, and
zone 1 with 1.14. Whereas in station II, the crab diversity
index value in the sequence was zone 3 with 1.38, zone 1
with 1.31, and zone 2 with 1.08. Of all the crab diversity
index, both within the mangrove area and fishponds ranged
between 1.08-1.72. This means that the crabs diversity in
this research site was classified as moderate.
The density value of crabs of the mangrove area in
Station I were as follows; zone 1 with 4.52 ind/300m2, zone
3 with 3.47 ind/300m2, and zone 2 with 3.23 ind/300m2.
Whereas, in Station II, the density of crabs in the sequence
was Zone 1 with 4.17 ind/300m2, zone 2 with 3.79 ind/300
m2, and zone 3 with 3.58 ind/300m2. The density value of
crabs in research site is presented in Figure 4.

Figure 3. Crab diversity in both mangrove and fishpond area

RESULTS AND DISCUSSION
Crabs species within the research site
Twenty-two species of crabs were found in this study,
which was classified into seven families, i.e., Gecarcinid,
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Figure 4. Crabs density in both mangrove and fishpond area
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A

B

Figure 5. Crabs RDi percentage in (A) Mangrove Area, and (B) Fishpond Area

The fishponds area has lower crabs density index than
the mangrove area. The crabs density index in fishponds
area in Station II in sequence are: zone 1 0.63 ind/300m2,
zone 2: 0.60 ind/300m2, and zone 3: 0.53 ind/300m2.
Whereas in station I, the crabs density index in sequence
are: zone 3: 0.39 ind/300m2, zone 1: 0.36 ind/300m2, and
zone 2: 0.16 ind/300m2.
Discussion
The degradation of the crab habitat in both mangrove
area and fishponds is an evidence that the density of the
crabs in those areas was small. Most of them were
dominated by Sesarmidae and Ocypodidae families.
Ravichandran et al. (2011) study showed that Uca spp were
often abundantly found in disturbed mangrove forests, and
becomes the dominant species compared to other aquatic
creatures. Several observed species such as, Uca urvillei
which are often found in the holes with stable temperatures,
are able to adapt to the extreme environment. Uca spp is
generally found in the open area and plays an important
role in the mangrove forest.
Other species of crabs, such as Gecarcinidae and
Oziidae families are also found in the research site.
However, their number is not as many as the Sesarmidae
and Ocypodidae families. It is suspected that the existence
of this species in mangrove area is for feeding ground and
protection ground only. This is different with the
Portunidae family that could be abundantly found in the
mangrove area. Regardless, the Portunidae (Scylla spp.)
were rarely found within the research site. This indicates

that the loss of mangrove vegetation in research site has
caused a disturbance on the ecological balance and has
impacted on the decrease of crab species in this area.
The high and low tide of the seawater also has
contributed to the existence of the crabs, where crabs can
be harvested during the lowest tide. In addition, the crabs
within the mangrove area are more adaptive to the
environmental changes in their habitat, and they will
migrate when their habitat is disturbed. The dominant crabs
species in the research site is the Perisesarma eumolpe.
However, this species cannot be consumed. Salgado and
Keith (2010), Perisesarma sp. most abundantly found in
mangrove forests in intertidal areas with a total of 554
individuals and a total of 11 species was found. This
species is able to adapt to the surrounding environment
even in damaged or extreme conditions. In addition, this
species has a habit of eating litter and even leaves on
propagule (mangrove seeds).
Human activities, such as illegal cutting of the
mangrove tree have also caused the crab density to be low
as the environment is experiencing pressure and physical
changes. This was backed up by Chairunnisa (2004) who
found that the substrate was changed although the
components and the content of the substrate did not change
drastically. Furthermore, Nadia (2002) insisted that on a
similar situation, where mangrove density is high, the
population of existed biota is limited due to the logging
activity in the area. Hence, the biota residing within the
substrate is disturbed.
From informal interview with the community from the
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research site surrounding area reveals that they generally
caught Scylla spp. crabs because this type of crabs is
edible, and that the crabs collection are still traditionally
done using the booby trap (crabs trap), however the
captured crabs are only suitable for local consumption and
not for commercial trading. Land degradation in this area
due to the conversion of mangrove forest into fishponds
triggers the decrease of crab population in this area. Hence,
a strategy to reverse and revive the degraded habitat and
create an appropriate ecosystem for crabs Scylla spp. and
other aquatic creatures can be done by restoring the
function of the area through mangrove rehabilitation. Sara
et al. (2014) state that the need for calculation and
regulation of crab fishing in nature through the
management of habitats and populations. For example, the
ban of catching crabs, which in still teenagers and female is
done to maintain the population, as well as to maintain crab
habitat.
Water pH also influences the crabs existence.
Interestingly, the average water pH in fishponds area is 6.5,
this is higher than the mangrove area around 5.6. Informal
interview with the fish farmers reveals that most of
fishponds are treated with fertilizer of N (nitrogen), P
(phosphate), and K (potassium) as a nutrient for the fish.
However, the administration of these fertilizers is harmful
to certain species such as Gastropods that can no longer be
found in fishpond area. In reverse, crabs from Varunidae
family, Varuna yui, and Varuna litterata species are
abundantly found in fishpond area. This indicates that the
abundant nutrient found in fishpond area, not only
increased the fishpond production, but also support the
existence of the crabs from Varunidae family.
Humaidy (2010) stated that the N (nitrogen) compound
could increase the pH of the water in the fishpond area to
become higher than those of the mangrove area. The
existence of nitrogen can increase the nitrogen cycle,
hence, is able to maintain the stability of the water pH. In
contrast, the existence of toxin and heavy metals can lower
the pH. In addition, Humaidy (2010) described that the soil
pH and water pH values are not significantly different from
6 to 7.
It is concluded that the crab species in mangrove area
found in this study was 20 species, whereas, in fishponds
area, 11 species were founded. There were two crab species
that were only founded in fishponds area, i.e., Varuna yui,
and Varuna litterata. The diversity index of the crabs
ranged between 1.08 to 1.72, which means that the
diversity is moderate. Also, the density of crabs in
mangrove area ranged from 3.23 ind/300m2 to 4.52
ind/300m2, while the density in fishponds area ranged from
0.16 ind/300m2 to 0.63 ind/300m2. However, the influence
of mangrove tree characteristics and age toward the macrozoobenthic biota (Gastropods, Bivalvia, Mud Lobster,
Polychaeta, and shrimps) and fish, associated with
mangrove in Tanjung Panjang Natural Reserve should be
further researched. It is also recommended that sustainable
restoration and the restocking of the mangrove habitat
should be done.
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Abstract. Yulita KS, Ridwan. 2018. Molecular characterization of induced mutation of jewawut (Setaria italica ssp. italica) from Buru
Island, Indonesia using SRAP. Biodiversitas 19: 1160-1168. Jewawut (Setaria italica ssp. italica) or foxtail millet is minor crops
domesticated and consumed only in few parts of Sulawesi, Maluku and East Nusa Tenggara, while in other region such as Java, it is
known as food for bird despite the fact that jewawut is rich in fiber. The utilization of jewawut as an alternative crop was limited due to
their small size of seeds as well low yield. An effort to improve the potency of jewawut as an alternative food is through genetic
improvement by induced mutation. This present study was aimed to determinate mutant of jewawut from Buru Island irradiated by
gamma rays as potential genotype to produce high grain yield. Two variants of jewawut were recorded from Buru Island, red and yellow
variant each referring to the colour of their seeds. Samples were consisted of 26 red and 24 of yellow variant. Mutant was detected by
molecular characterization using SRAP marker. UPGMA cluster analysis was also performed to ensure the position of mutant within the
UPGMA dendrogram against the control samples. Mutant with the most distinct genyotypes for yellow variant are accession O1O2#10
treated in 100 Gy and O1E1#10 treated in 200 Gy gamma radiation, whereas in the red variant are accessions O2C4#13 treated in 50 Gy
and O2E4#6 treated in 200 Gy gamma radiation. All the mutants have random agronomic performances relative to controls. Mutants
with potential high grain yield are O2B2#14 treated in 25 Gy for the red variant, and this should be used as a candidate to develop
superior genotype.
Keywords: Foxtail millet, gamma rays, jewawut, mutation, SRAP

INTRODUCTION
The term of millet is usually referring to a group of
cereal crops that produce small seeds that include several
annual grasses such as foxtail millet (Setaria italica), pearl
millet (Pennisetum glaucum), finger millet (Eleusine
coracana), proso millet (Panicum miliaceum), and fonio
(Digitaria sp.) (Dwivedi et al. 2012). Setaria italica
contains two subspecies viridis and italica. Setaria italica
ssp. viridis or green millet was assumed to be the wild
ancestor of ssp. italia for having nonwaxy endosperm
(Nakayama et al. 1998; Kawase et al. 2005).
Jewawut (Setaria italica ssp italica) or foxtail millet is
an important cereal in the region of southeastern Europa,
South, Central and far East Asia. This species has been
widely cultivated in Asian and Europe for thousands of
years (Kawase et al. 2005); probably have been taken
placed since about 8700 years BC (Lu et al. 2009). Foxtail
millet is an annual grass with slender, erect, leafy stems
with a height of 170 cm (our field data). The inflorescence
consist of constricted panicle that often nods at the top and
looks like a spike due to its short branches. The spikelets
(one pistilled flower per spikelet) are packed, and with
many firm bristles, the panicle looks like a foxtail, and
hence the name refers (Lata et al. 2013). It is relatively
short lived plants of only up to 15 weeks and several
hundreds of seeds can be produced per inflorescence
(Reddy et al. 2006; Doust et al. 2009). The seeds are small

(~2 mm in diameter), sheathed in thin, delicate hull that can
be separated without difficulty during threshing. The seeds
usually germinate quickly and can be cultivated easily.
Jewawut was thought to be the earliest cereal cultivated
in dry land of Southeast Asia (Lu et al. 2009). Records
from herbarium collections in Herbarium Bogoriense
Indonesia dated as early as 1900s suggested that jewawut
distributed in Sulawesi, Java, southern Sumatra,
Kalimantan, Lesser Sunda Islands, Maluku and Papua. In
Indonesia, the main use of jewawut is for bird food, despite
the fact that jewawut have high fiber content and low
protein. Jewawut was planted in dry land habitat and are
also known to have high tolerance to marginal
environmental conditions, as well as have a good
adaptability to low soil fertility (Li and Brutnell 2011; Jia
et al 2013) and has the potential to produce C4 biofuel
(Zhang et al. 2012).
Therefore it is important to develop jewawut as
potential crops to be utilized as an alternative choice for
staple food in Indonesia through genetic improvement by
inducing mutation using radiation. Mutagenesis using
radiation has developed rapidly since the discovery of high
mutant frequency in Drosophila melanogaster by X-rays
(Muller 1927). A large number of energy rays are
frequently applied to produce mutants, such as X-, β-, and
γ-rays, neutrons, and protons. Gamma rays is considered
the most efficient tools to induce mutation in plants
because it is easy operation, short cycle, and high mutation
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quantity (Naito et al. 2005; Sato et al. 2006; Eroglu et al.
2007; Selvi et al. 2007). Random mutations with gammaray irradiation have been widely used to obtain mutants
with various objectives (Yulita et al. 2014; Martanti et al.
2016). This present study was aimed to assess genetic and
phenotypic changes of two variants of jewawut from Buru
islands after being treated in various dosages of gamma
irradiation based on observation on some agronomic traits
and
SRAP
profiles.
Sequence-related
amplified
polymorphism (SRAP) is a PCR-based molecular marker
targeting coding sequences in the genome and results in a
moderate number of co-dominant markers (Li and Quiros
2001; Keyfi and Beiki, 2012; Zeng et al. 2012), thus
suitable for mutant detections as well as assessment on
genetic diversity (Song et al. 2010; Alghamdi et al. 2012).
The main advantage in using SRAP marker is that it can
analyze many loci in a single reaction, thus very practical
but scientifically reliable markers. We targeted to obtain
mutants that have agronomic traits related to high grain
yield that can be utilized further to develop superior
genotype.
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Agronomic experiment
The induced mutation seeds were germinated in a tray
in an experimental house in March 2015 until they were
forming sprouts. The seedlings were then grown in
experimental field in Cibinong Science Centre, Bogor,
West Java, Indonesia using Randomized Block Design with
2 factors (the variants) and irradiation dosages (0, 25, 50,
100, 200, 400,dan 600 Gy), so that there were 14
combinations of treatments. These combinations were
replicated 4 times (4 blocks). The planting was carried out
a month later (in April 2016). Each planting hole was filled
with 0.25 kg of green fertilizer. The plants were fertilized
twice with NPK with a ratio of 15: 15: 15, the first fertilizer
was given at the first planting and the second was 21 days
after planting with a dosage of 400 kg/Ha (1,6 gram/plant).
Sixty percent of these were given at the first fertilizing and
the remaining 40% was at the second fertilizing. The
harvesting was carried out on 58 days after planting.
Measurement of agronomic traits was recorded on plant
height, leaf size, leaf colour (colour standard following
IRRI), number of tillers and weight of panicles. Regression
analyses were performed to assess the correlation between
each agronomic trait and the irradiation dosages.

MATERIALS AND METHODS
Samples
The jewawut accession used in this study collected
from Buru Island, Maluku (Figure 1) in 2013 consisting of
two variants, yellow (26 samples) and red (24 samples)
(Table 1). The main difference of these variants was mostly
on the colour of their grains whose the colour name is
referring to . The seeds were sent to National Nuclear
Province, IndonesiaEnergy Agency of Indonesia (Badan
Tenaga Atom Nasional; Batan) at Serpong, Banten,
Indonesia for irradiation treatment in March 2015. These
seeds accessions were treated at seven dosages of 25, 50,
100, 200, 400 and 600 Gray, and control (0 Gray).

Molecular characterization
Total genomic DNA was isolated from collected DNA
material using Genomic DNA Mini Kit (Plant) from
GeneAid. DNA genotyping of foxtail millet was generated
using SRAP set of primers (Li and Quiros 2001). Five
combinations of SRAP primers were used to amplify
genomic DNA (Table 2). A total volume of 15 µL PCR
reactions consisted of 1x PCR master mix (Promega), ~10
ng DNA template, 2 µM of each primer. The optimum
condition for PCR amplification was as followed: 94oC for
5 min, 30 amplification cycles containing 94oC for 1 min,
50oC for 45 second and 72oC for 2 min. The reaction was
terminated by extension at 72oC for 5 min. Amplicons were

Figure 1. Location of Buru Island, Maluku in the Indonesian Archipelago
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visualized using 2% agarose gel run electroporecally then
stained in GelRed (Biotium) before photographed using gel
documentation system (Atto Bioinstrument). Observations
of electrophoretic gel photos showed cleared observable
bands to score. Present band was scored 1 and absent band
was scored as 0. The data matrix was compiled in Excel to
perform cluster analysis using UPGMA (Unweighted Pair
Group Method with Arithmetic Average, Sneath and Sokal
1973). Cluster analysis was calculated using Nei and Li
coefficient of distance. UPGMA was performed using
MVSP (Multi Variate Statistical Package, Kovach 2007).
RESULTS AND DISCUSSION
Mutations with gamma ray irradiation treatment with
varying dosages starting at 25 to 600 Gy were performed
on yellow and red variant. There were changes in genetic
properties for the genotypes that were exposed to
irradiation even at the lowest dose (in this study was 25
Gy). However, to identify the most likely mutants, the
genotypes were expected to be the most distinct from the
control, thus when the grouping analysis is performed, the
mutants should be separated distantly to the control
samples, regardless their position at the dendrogram.
Mutant with the most distinct genotype observed in
different dosage in both variants, is. 50 and 200 Gy in red
and 100 and 200 Gy in yellow. This may indicate that the
most efficient dosage for mutation was ranged between 50100 Gy. Mutants exposed in 200 Gy even though may have
distinct genotype from the controls but the agronomic
performances were decreased (Figure 3 and 5).
Cluster analysis that was performed on yellow variant
showed that all the accessions have 80% similarity, thus
only 20% differences among the accessions. This indicated
that gamma irradiation resulted in to 20% variations in the
genomic coding regions genetic implied by SRAP profiles.
Five accessions of control were located at the terminal
dendrogam, while the furthest accessions from the controls
are three samples O1A2#19 (Control), O1D2#10 (14)
treated in 100 Gy and O1E1#10 (17) treated in 200 Gy
located at the basal dendrogram (Figure 2). The detection
of accession O1A2#19 as a mutant allegedly due to
technical faults of collection / planting, given the small size
of the seed so that technical errors are easily to occur. We
therefore excluded this accession from this discussion.
The mutant O1D2#10 (14) have a comparatively lower
plant size i.e. 142 cm compared to average of 148 cm, and
was the smallest plant size among the accessions irradiated
in 100 Gy dosages (Table 3). The mutant has an average
leaf sheaths, number of tillers, and panicle size. However,
the mutants have smaller leaf size, panicle size and less
panicle weigh compared to the average sizes. The second
mutant (O1E1#10) have plant height just above the average
size, i.e., 153 cm compared to average size of 148 cm and
larger leaf size 108 cm compared to average size of 88 cm).
Other agronomic traits were in average size but have a slightly
heavier panicle size of 15 g (average size was 11 g).
The highest (168 cm) plant was observed on O1D4#8
(100 Gy) and the shortest (110 cm) was O1G2#1 (600 Gy).

The highest number of leaf sheaths (14) recorded on
O1E1#10 (200 Gy) and the fewest (5 sheets) was O1B4#19
(25 Gy), one of the controls (O1A3) had also 6 leaf sheets.
The largest leaf (124 cm2) was occurred in O1B2#3 (25
Gy) and the smallest leaf (65.38 cm2) was accounted for
O1G3#20 (600 Gy) and O1F2#4 (400 Gy). There was no
different on leaf colors on all accessions. The number of tillers
were mostly 2 except for O1B3#6, O1B4#19 (both 25 Gy),
O1C2#9 (50 Gy), O1D3#17 (100 Gy) and O1E3#11 (200
Gy). The longest panicle (37 cm) was observed on O1F4#1
(400 Gy), while the shortest (20 cm) was found in
O1G3#20 (600 Gy). The heaviest panicle (21.50 g) was
recorded on O1A3 control and O1C4#19 50 Gy (19.20 g)
while the lightest 4 g was found in O1E2#3 200 Gy.
Table 1. List of Jewawut samples of yellow and red variant
irradiated in gamma rays

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

Yellow variant
Accession
Dosage
code
O1A1#3
0
O1A2#19
0
O1A3
0
O1A4#3
0
O1B1#4
25
O1B2#3
25
O1B3#6
25
O1B4#19
25
O1C1#9
50
O1C2#9
50
O1C3#18
50
O1C4#19
50
O1D1#16
100
O1D2#10
100
O1D3#17
100
O1D4#8
100
O1E1#10
200
O1E2#3
200
O1E3#11
200
O1E4#14
200
O1F1#3
400
O1F2#4
400
O1F3#1
400
O1F4#1
400
O1G2#1
600
O1G3#20
600

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

Red variant
Accession
code
O2A1#2
O2A2#19
O2A3#3
O2A4#6
O2B1#4
O2B2#20
O2B3#14
O2B4#12
O2C1#13
O2C2#20
O2C3#1
O2C4#13
O2D1#2
O2D2#19
O2D3#8
O2D4#3
O2E1#9
O2E2#9
O2E3#12
O2E4#16
O2F2#4
O2F2#9
O2G1#3
O2G4#1

Table 2. List of SRAP primers used in this study
Primer name
me 1F
me 2F
me 3F
me 4F
me 5F
em 1R
em 2R
em 3R
em 4R
em 5R

DNA sequence
TGAGTCCAAACCCGATA
TGAGTCCAAACCGGAGC
TGAGTCCAAACCGGAAT
TGAGTCCAAACCGGACC
TGAGTCCAAACCGCAAC
GACTGCGTACGAATTAAT
GACTGCGTACGAATTTGC
GACTGCGTACGAATTGAC
GACTGCGTACGAATTTGA
GACTGCGCACGAATTGCA

Dosage
0
0
0
0
25
25
25
25
50
50
50
50
100
100
100
100
200
200
200
200
400
400
600
600
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Among the agronomic traits, the weight of panicle
seems to be the most important traits because it is related to
grain yield. Heavier panicles present in good conditions
with no symptom of pathogenic attack means higher yield
obtained. Accession O1A3#19 (Control) have the heaviest
panicle of 21.3 g followed by mutant O1C4#19 (19.2 g)
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and O1B2#3 (18.2 g). The results of regression analysis
between irradiation dosage and weight of panicle suggested
that weight of panicles tend to decrease when the
irradiation dosage was increased in the yellow variant, as
also recorded for other agronomic traits such as plant
height, number of leaves, and length of panicles (Figure 3).

UPGMA
2
17
14
11
10
13
6
21
15
7
12
24
25
20
26
23
19
18
16
22
5
9
8
4
3
1

0,76

0,8

0,84

0,88

0,92

0,96

1

Nei & Li's Coefficient
Figure 2. UPGMA dendrogram of 26 accessions of jewawut yellow variant based on Nei&Li’s coefficient of similarity
Table 3. List of agronomic traits of yellow variant of Jewawut from Buru Island irradiated by gamma rays in various dosages
Plant
Number of
Leaf size
Leaf
Number of
Length of
Weight of
height
leaves
(cm2)
colour
tillers
panicle (cm)
panicle (g)
(cm)
(sheets)
O1A1#3
130
8
76.15
2
2
28
6.30
O1A2#19
156
10
80.46
2
2
28
9.80
O1A3
150
6
108.75
2
2
27
21.30
O1A4#3
152
8
86.92
2
2
36
17
O1B1#4
140
10
89.07
2
2
25
7.30
O1B2#3
166
10
126.41
2
2
33
18.20
O1B3#6
163
7
65.38
2
1
32
13
O1B4#19
155
6
91.23
2
1
28
14.70
O1C1#9
135
8
76.15
2
2
29
8.90
O1C2#9
163
10
101.28
2
1
32
14.50
O1C3#18
167
7
76.15
2
2
28
14.80
O1C4#19
152
8
96.25
2
2
29
19.20
O1D1#16
151
12
95.54
2
2
29
4.50
O1D2#10
142
8
65.38
2
1
30
9
O1D3#17
160
7
76.15
2
2
29
18
O1D4#8
168
8
118.87
2
2
32
18.30
O1E1#10
153
14
108.82
2
2
28
15.40
O1E2#3
140
8
80.46
2
2
32
4
O1E3#11
157
7
76.15
2
1
32
12.35
O1E4#14
150
8
101.28
2
2
31
10.60
O1F1#3
138
10
88.71
2
2
30
3.80
O1F2#4
150
8
65.38
2
2
32
11.30
O1F3#1
140
6
118.87
2
2
33
9.40
O1F4#1
153
8
101.99
2
2
37
5.20
O1G2#1
110
8
76.15
2
2
24
6.30
O1G3#20
126
8
65.38
2
2
20
4.70
Average
148.7+13.73
8.38+1.83
88.97+17.79
2+0
1.81+0.40
29.77+3.58
11.46+5.33
Note: Underhypened type letters refer to control accessions; bold italic typed letters refer to the most distant mutants relative to controls
Accession
code

Radiation
dosage
(Gray, Gy)
0
0
0
0
25
25
25
25
50
50
50
50
100
100
100
100
200
200
200
200
400
400
400
400
600
600
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Meanwhile, the results of the grouping analysis
performed on the red variant showed that all accessions
formed a group with 67% similarity, thus suggested that
gamma irradiation resulted in maximum of 33% variation
of genetic contents reflected by SRAP profiles (Figure 4).
This value was a little higher than that of yellow variant
(~20%). Four control accessions were located at the half
position to the tip of terminal dendrogram. The accession
that were located at the most basal position were accession
12 (O2C4#13) treated in 50 Gy and accession 21

(O2E4#16) treated in 200 Gy. These were mutants with the
most distinct genotype for the red variant.
Mutant O2C4#13 have the tallest form (167 cm)
compared to average size of 147 cm. Other agronomic
features showed average sizes (number of leaf sheaths and
tillers) but smaller leaf size (80 cm in compared to average
96 cm). Length and weight of panicles were larger than the
average size (Table 4). The second mutant O2E4#16
mostly have average size on most of its agronomic feature
except for smaller plant size and lower panicle size (both
length and weight) (Table 3).

A

B

C

D

E

F

Figure 3. Correlation between gamma irradiation dosages and agronomic traits on yellow variant of foxmillet. A. Plant height, B.
Number of leaves, C. Leaf size, D. Number of tillers, E. Length of panicles, F. Weight of panicle

UPGMA
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23
7
3
18
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1

0,64
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0,76

0,82
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Figure 4. UPGMA dendrogram of 26 accessions of jewawut yellow variant based on Nei & Li’s coefficient of similarity
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Mutant O2C4#13 (treated in 50 Gy) have the tallest
form (167 cm) and the shortest (110 cm) was O2G4#1 (600
Gy) (Table 4). The highest number of leaf sheaths (12)
recorded on O2C1#13 (50 Gy) and the fewest (4 sheets)
was O2G4#1 (600 Gy). The largest leaf (147.24 cm2) was
occurred in O2B3#14 (25 Gy) and the smallest leaf (65,38
cm2) was accounted for O2G4#1 (600 Gy). There was no
different on leaf colours on all accessions. The number of
tillers were mostly 2 except for O2C1#13 (50 Gy) that had
only one tiller. The longest panicle (33 cm) was observed
on O1F2#4 (400 Gy), while the shortest (20 cm) was found
in O2G4#1 (600 Gy). The heaviest panicle (23.60 g) was
recorded on O2B3#14 (25 Gy) while the lightest 3.90 g
was found in O2F2#9 (400 Gy).
Observation on agronomic traits of the red variant
suggested similar pattern as with the yellow variant in
which agronomic performance decreased by the increase of
radiation dosage except for the number of tiller (Figure 5).
With regard to panicle size, all accession of red variant has
random size and may not relate to the irradiation dosage.
Mutant 02B2#14 (treated in 25 Gy) have the heaviest
panicle (23.6 g) followed by control accession O2A4#6
(23.3 g), and mutant O2O3#8 (treated in 100 Gy)
accounted for 20.3 g. This indicated that the best grain
yield may be obtained from mutant 02B2#14, and that
increasing irradiation dosage above 100 Gy provided
genotypes with low grain yield as indicated from the results
of regression analysis (Figure 5).
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The mutations were generally carried out with aimed to
improve genetic property, such as to obtain mutants with
high yields and mutants capable of adapting to global
climate change. Mutations need to be made for minor food
commodities that have long been cultivated for allegedly
having eroded genetic diversity. Gamma rays are often
used for mutation induction as an effort to enrich genetic
diversity and genetic improvement. This is because gamma
rays have deep penetration ability into plant tissue.
Although the mutants to be generated from induction of
these mutations are random, the technique is expected to
alter one or more particular characters while retaining most
of the original characters (Wardiyati et al. 2002). However,
almost all agronomic parameter observed for the mutants
were reduced following the increase of γ-radiation using
dosage used in this study except for leaf colour (Table 3
and 4). Jia and Lee (2008) reported that all agronomic
parameters of red mutants of Fagopyrum dibotrys were
reduced significantly by γ-radiation using dosage of 5-20
Gy. The low dosage of γ-radiation has also affected
secondary metabolite of Lithospermum erythrorhizon
(Chung et al. 2006). This may caused by slow cell division,
lower hormone synthesis, abnormal nutrimental
transportation, and metabolic disorders by apical meristem
damage under γ-radiation (Celso and Maria 1992; Okamoto
and Tatara 1995).

Table 4. List of agronomic traits of red variant of Jewawut from Buru Island irradiated by gamma rays in various dosages
Accession Radiation dosage
Plant height
Number of
Leaf size Leaf Number of
Length of
Weight of
code
(Gray, Gy)
(cm)
leaves (sheets)
(cm2)
colour
Tillers
panicle (cm) panicle (g)
O2A1#2
0
132
8
76.14
2
2
22
10.40
O2A2#19
0
138
8
101.28
2
2
23
13.50
O2A3#3
0
164
7
88.71
2
2
29
19.90
O2A4#6
0
166
8
109.90
2
2
27
23.30
O2B1#4
25
134
6
86.92
2
2
23
12.40
O2B2#20
25
150
10
86.92
2
2
27
10.90
O2B3#14
25
166
6
147.24
2
2
30
23.60
O2B4#12
25
165
8
96.25
2
2
29
12
O2C1#13
50
141
12
96.25
2
1
30
16.70
O2C2#20
50
156
8
101.28
2
2
27
16.60
O2C3#1
50
159
8
118.87
2
2
30
17.30
O2C4#13
50
167
8
80.46
2
2
31
17.90
O2D1#2
100
128
6
76.15
2
2
25
12
O2D2#19
100
140
8
96.25
2
2
24
11.20
O2D3#8
100
158
7
101.28
2
2
31
20.30
O2D4#3
100
160
7
115.64
2
2
31
18.70
O2E1#9
200
145
8
104.15
2
2
30
7.40
O2E2#9
200
143
8
76.15
2
2
29
11.90
O2E3#12
200
150
6
76.15
2
2
35
11.30
O2E4#16
200
135
7
101.28
2
2
26
14.50
O2F2#4
400
153
10
93.17
2
2
33
4.20
O2F2#9
400
130
8
113.85
2
2
26
3.90
O2G4#1
600
110
4
65.38
2
2
20
4.50
Average
147.39 + 15.14
7.65+1.61
96.07
2
1.96
27.74
13.67
Note: Underhypened type letters refer to control accessions; bold italic typed letters refer to the most distant mutants relative to controls
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Figure 5. Correlation between gamma irradiation dosages and agronomic traits on red variant of foxmillet. A. Plant height, B. Number
of leaves, C. Leaf size, D. Number of tillers, E. Length of panicles, F. Weight of panicle

One of the observed traits that have positive correlation
with the increasing dosage of gamma radiation is the
number of tiller. The number of tillers of all accession
observed in this study are two, and there were no changed
after treated in irradiation of gamma rays for most
genotypes except for 3 genotypes of yellow variant
(O1B3#6, O1B3#19 and O1C2#9) and 1 genotype of red
variant (O2C1#13). These genotypes have one tiller under
25 and 50 Gy concentration of gamma rays (Table 3 and 4).
Hence number of tiller may have been easily changed by
induced mutation by gamma radiation even using low
dosage. This may implied that number of tillers may have
been one of the phenotypic traits that changed over the long
period of domestication. Doust (2006) reported that the
domesticated jewawut have reduced number of tillers (base
of branch) and branching in the axil (armpits) along the
tillers. He further considered that the domestication process
may result in a reduction in plant architecture diversity and
a reduction in the number of branches compared to its
progenitor species.
Combination of SRAP primer to successfully produced
PCR amplicons were of me1F+em2R, me2F+em3R,
me4F+em2R, me4F+em5R, me5F+em1R, me5F+em5R
(Figure 6); while for the red variant the SRAP pair were of
me1F+em2R, me2F+em3R, me3F+em3R, me4F+em2R,
me5F+em5R (Figure 7). Closer examination of each
picture suggesting that there were only few differences on
SRAP profiles between the controls and the mutants, even
the same (Figure 6d). Several different profiles observed
included the present and absent of particular bands
compared to the controls.
Differences of primers ability in yielding
polymorphisms are varied between species, mainly due to
availability of complementary nucleotides within the
genome, thus only six combination of SRAP primer could
successfully yielded amplicons in the yellow variant and
five combinations for the red variant. The irradiation

gamma rays on Jewawut in this study only resulted in a
considerably low genetic variation in the SRAP compared
to those of ISSR and RAPD (Yulita et al. 2014). Their
study on induced mutation of black potatoes using 25 and
35 Gy gamma rays resulted in genetic variation of around
60%. Polymorphism in SRAP has different nature from
ISSR. SRAP were only contained coding regions (genes)
that were more conserved for having slow mutation rate.
While amplicons of ISSR contained both coding and noncoding regions, to which the non-coding regions were
generally have faster mutation rates than coding regions.
Hence, exposing the coding regions to gamma rays
radiation were likely to produce lower level of variation
compared to that of non-coding region, even under the
same radiation dosage.
Examination of type of mutations on SRAP profiles can
only be made by observing banding patterns. There are
three types of mutations usually existed within the genome,
insertion-deletion event, base substitution and inversion.
Base substation and inversion can only be referred from the
results of DNA sequencing. In our study, when comparing
SRAP profiles of accessions of control and mutant, the
mutants tend to have loss several bands than gaining bands
and in some profiles did not show any difference on the
profiles (Figure 6d). Loss of the bands may equal to
deletions of nucleotides and gaining bands may equal to
insertions. Morita et al (2009) have reported that induced
mutation by gamma irradiation in rice resulted in almost
80% deletions, 12% of base substitution and 8% of
inversion in several genes including waxy genes. It is
therefore interesting to note that results from our study
showed there were several additional fragments (Figure
7.A and 7.B). As have been stated previously that SRAP
amplicons only included coding regions, it is therefore
important to perform DNA sequencing on these additional
fragments to determine the identity of these genes.
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Figure 6. SRAP profiles of yellow variant of Jewawut visualized on 2% agarose gel electrophoresis using combinations of primer pairs
me1F+em2R (A), me2F+em3R (B), me4F+em2R (C), me4F+em5R (D), me5F+em1R (E), me5F+em5R (F). The first lane from the left
bands representing 100 bp DNA ladder, the second, third, fourth and fifth lanes are controls. The remaining lanes are the accessions

A
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D

E
Figure 7. SRAP profiles of red variant of Jewawut visualized on 2% agarose gel electrophoresis using combinations of primer pairs
me1F+em2R (A), me2F+em3R (B), me3F+em3R (C), me4F+em2R (D), me5F+em5R (E). A. The first four lanes are controls; the
remaining lanes are accessions and 100 bp DNA ladder. B-E. The first lane from the left bands representing 100 bp DNA ladder, the
second, third, fourth and fifth lanes are controls. The following lanes are the accessions
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Mutation could not occur at the same rate in all
individuals treated at the same dosage; even they are the
same variant. The findings of this present study thus
confirmed that irradiation of gamma rays can indeed
enhanced mutation in broader sense, but individual plant
will response differently to the mutation. We concluded
that mutant with the most distinct genotypes for yellow
variant were accession O1O2#10 treated in 100 Gy and
O1E1#10 treated in 200 Gy gamma radiation, whereas in
the red variant were accessions O2C4#13 treated in 50 Gy
and O2E4#6 treated in 200 Gy gamma radiation. All the
mutants have different yet random agronomic
performances relative to controls. There was no mutant of
yellow variant that have potential high grain yield. Mutant
with potential high grain yield is O2B2#14 treated in 25 Gy
for red variant, and this should be used as one of candidate
to develop superior genotype.
ACKNOWLEDGEMENTS
This present study was financially supported by
Research Center for Biology, Indonesian Institute of
Sciences through DIPA 2017. We thank to Prof. Ibnu
Maryanto for providing the jewawut samples from the Buru
Island. We appreciated the technical assistance of Susila
from the Laboratory of Molecular Systematic and Tri
Handayani from Laboratory of Plant Culture.
REFERENCES
Alghamdi SS, Al-Faifi SA, Migdadi HM, Khan MA, EL-Harty EH,
Ammar MH. 2012. Molecular diversity assessment using Sequence
Related Amplified Polymorphism (SRAP) Markers in Vicia faba L.
Intl J Mol Sci 13: 16457-16471.
Celso LSL, Maria AE. 1992. Developmental changes in.duced by γ
radiation in Ipomoea batatas L. Lam (sweet potato). Radiat Res 132:
237-241.
Chung BY, Lee YB, Baek MH, Kim JH, Wi SG, Kim JS. 2006. Effects of
low-dose gamma-irradiation on production of shikonin derivatives in
callus cultures of Lithospermum erythrorhizon S. Radiat Phys Chem
75: 1018-1023.
Doust AN, Kellogg EA, Devos KM, Bennetzen JL. 2009. Foxtail millet: a
sequence-driven grass model system. Plant Physiol 149: 137-141.
Doust AN. 2006. Effect of genotype and environment on branching in
weedy green millet (Setaria viridis) and domesticated foxtail millet
(Setaria italica) (Poaceae). Mol Ecol 15 (5): 1335-1349.
Dwivedi S, Upadhyaya H, Senthilvel S, Hash C, Fukunaga K, Diao X,
Santra D, Baltensperger D, Prasad M. 2012. Millets: Genetic and
Genomic Resources. In: Janick J (ed) Plant Breed Rev, Vol. 35. John
Wiley & Sons, Inc., New York, USA.
Eroglu Y, Eroglu HE, Ilbas AI. 2007. Gamma ray reduces mitotic index in
embryonic roots of Hordeum vulgare L. Adv Biol Res 1: 26-28.
Jia CF, Li AL. 2008. Effect of gamma radiation on mutant induction of
Fagopyrum dibotrys Hara. Photosynthetica 46 (3): 363-369.
Jia G, Huang X, Zhi H, Zhao Y, Zhao Q, Li W, Chai Y, Yang L, Liu K,
Lu H, Zhu C, Lu Y, Zhou C, Fan D, Weng Q, Guo Y, Huang T,
Zhang L, Lu T, Feng Q, Hao H, Liu H, Lu P, Zhang N, Li Y et al.
2013. A haplotype map of genomic variations and genome-wide
association studies of agronomic traits in foxtail millet (Setaria
italica). Nature Genet 45: 957-961.

Kawase M, Fukunaga K, Kato K. 2005. Diverse origins of waxy foxtail
millet crops in East and Southeast Asia mediated by multiple
transposable element insertions. Mol Gen Genom 274: 131-140.
Keyfi F, Beiki AH. 2012. Exploitation of Random Amplified Polymorphic
DNA (RAPD) and Sequence-Related Amplified Polymofphism
(SRAP) marker for genetic diversity of saffron collection. J Med
Plant Res 16 (4): 2761-2768.
Kovach WL. 2007. MVSP. A multivariate statistical package for windows
ver 3.1. Kovach Computing Services. Pentraeth, Wales, UK.
Lata C, Gupta S, Prasad M. 2012. Foxtail millet: a model crop for genetic
and genomic studies in bioenergy grasses. Crit Rev Biotechnol 33 (3):
328-343.
Li G, Quiros CF. 2001. Sequence-related amplified polymorphism
(SRAP), a new marker system based on a simple PCR reaction: its
application to mapping and gene tagging in Brassica. Theor Appl
Genet 103: 455-461.
Li P, Brutnell TP. 2011. Setaria viridis and Setaria italica, model genetic
systems for the Panicoid grasses. J Exp Bot 62 (9): 3031-3037.
Lu H, Zhang J, Liu K, Wu N, Li Y, Zhou K, Ye M, Zhang T, Zhang H,
Yang X, Shen L, Xu D, Li Q. 2009. Earliest domestication of
common millet (Panicum miliaceum) in East Asia extended to 10,000
years ago. Proc Natl Acad USA 106 (18): 7367-737
Martanti M, Poerba YS, Yulita KS, Herlina. 2014. Characterization of
hausa potato (Plectranthus rotundifolius (Poir.) Spreng.) mutant as
result of gamma ray irradiation trough and salinity tolerant using
RAPD and ISSR marker. Widyariset 17 (3): 435-443.
Morita R, Kusaba M, Iida S, Yamaguchi H, Nishio T, Nishimura T. 2008.
Molecular characterization of mutation induced by gamma irradiation
in rice. Genes Genet Syst 84: 361-370.
Muller HJ. 1927. Artificial transmutation of the gene. Science 66: 84-87.
Naito K, Kusaba M, Shikazono N, Takano T, Tanaka A, Tanisaka T,
Nishimura M. 2005. Transmissible and nontransmissible mutations
induced by irradiating Arabidopsis thaliana pollen with γ-rays and
carbon ions. Genetics 169: 881-889.
Nakayama H, Afzal M, Okuno K. 1998. Intraspeciﬁc differentiation and
geographical distribution of Wx alleles for low amylose content in
endosperm of foxtail millet, Setaria italica (L.) Beauv. Euphytica
102: 289-293.
Okamoto H, Tatara, A. 1995. Effects of low-dose γ-radiation on the cell
cycle duration of barley roots. Environ Exp Bot 35: 379-388
Reddy VG, Upadhyaya HD, Gowda CLL. 2006. Characterization of
world’s foxtail millet germplasm collections for morphological traits.
J SAT Agric 47: 107-109.
SatoY, Shirasawa K, Takahashi Y, Nishimura M, Nishio T. 2006. Mutant
selection from progeny of gamma-ray-irradiated rice by DNA
heteroduplex cleavage using Brassica petiole extract. Breed Sci 56:
179-183.
Selvi BS, Ponnuswami V, Sumathi T. 2007. Genetic variability studies in
gamma ray induced amla (Emblica officinalis Gaertn.) grafts. J Appl
Sci Res 3: 1929-1932.
Song Z, Li X, Wang J. 2010. Genetic diversity and population structure of
Salvia miltiorrhiza Bge in China revealed by ISSR and SRAP.
Genetica 138: 241-249.
Wardiyati WS, Darmawan, Soertini S, Dyah W. 2002. Pengaruh
cholchisin dan radiasi sinar gamma terhadap pertumbuhan vegetatif
anggrek bulan (Phaleonopsis). Agrivita 24 (2): 80-85.
Yulita KS, Martanti D, Poerba YS, Herlina. 2014. Mutant Detection of
Black Potatoes Treated in γ Ray Irradiation Using ISSR and RAPD
markers. J Hort 24 (1): 1-9.
Zeng B, Wang GZ, Zuo FY, Chen ZH, Zhang XQ. 2012. Genetic diversity
analysis of cocksfoot (Dactylis glomerata L.) accessions with
Sequence-related amplified polymorphism (SRAP) and inter simple
sequence repeat (ISSR) markers. African J Biotechnol 11 (67):
13075-13084.
Zhang G, Liu X, Quan Z, Cheng S, Xu X, Pan S, Xie M, Zeng P, Yue Z,
Wang W, Tao W, Bian C, Han C, Xia Q, Peng X, Cao R, Yang X,
Zhan D, Hu J, Zhang Y, Li H, Li H, Li N, Wang J, Wang C et al.
2012. Genome sequence of foxtail millet (Setaria italica) provides
insights into grass evolution and biofuel potential. Nature Biotechnol
30: 549-554.

B IO D IV E RS IT A S
Volume 19, Number 3, May 2018
Pages: 1169-1175

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190353

Frequency and coexistence of the C677T and A1298C polymorphisms of
the MTHFR gene in Aures region of Algeria
1

DJAARA HAYAT1♥, YAHIA MOULOUD1, BOUSSIF ABDELALI2

Biotechnology’s Laboratory of the Bioactive Molecules and the Cellular Physiopathology, Department of Biology of Organisms, University of Batna 2
Mustapha Ben Boulaid. 53 Constantine Rd, Fésdis, Batna 05078, Algeria. Tel: +213-663-432376. ♥email: djaarahayat@gmail.com
2
Department of Microbiology and Biochemistry, University of Batna 2 Mustapha Ben Boulaid. Fésdis, Batna, Algeria
Manuscript received: 4 May 2018. Revision accepted: 27 May 2018.

Abstract. Hayat D, Mouloud Y, Abdelali B. 2018. Frequency and coexistence of the C677T and A1298C polymorphisms of the MTHFR
gene in Aures region of Algeria. Biodiversitas 19: 1169-1175. The aim of this study was to assess the frequency of the two most
common polymorphisms C677T and A 1298C of the methylenetetrahydrofolate reductase (MTHFR) gene, as well as the coexistence of
both these genetic variants in healthy subjects from part of the Algerian population (Aures Region). A total of 94 apparently healthy
subjects were enrolled in the study group. The frequency of the both investigated genotypes of the both MTHFR gene polymorphisms
(C677T and A1298C) was determined by using the Real-Time Polymerase Chain Reaction-Fluorescence Resonance Energy Transfer
(Real-Time PCR-FRET) technic. The frequencies of C and T alleles of C677T polymorphism were 127 (67.55%), 61 (32.45%), and for
CC, CT, and TT genotypes were 44 (46.48%), 39 (41.8%) and 11 (11.70%) respectively. Regarding the frequencies at position 1298, for
A and C alleles were 147 (78.19%), 41 (21.81%), and for AA, AC, and CC genotypes were 60 (63.82%), 27 (28.72%) and 7 (7.44%)
respectively. Also, our results indicated that no significant differences in the percentage distributions of the C677T (P=0.518) and
A1298C (P=0.514) polymorphisms between males and females carriers. As noted in the findings, the most frequent coexistence of
genotypes were 677CT/1298AA (29.78%), 677CC/1298AA (22.34%) and 677CC/1298AC (17.02%%). The coexistence of
677TT/1298AA (11.70%), 677CT/1298 AC (11.70%) and 677CC/1298 CC (7.44%) genotypes was observed less frequently and for
677TT/1298AC, 677CT/1298CC, 677TT/1298CC genotypes, it has been no observed in the studied population. The frequency of
MTHFR 677 C and T alleles were 0.66 and 0.31, whereas that of MTHFR1298 A and C alleles were 0.77 and 0.21, respectively. The
allelic distributions of the C677T polymorphism remain intermediate in the Aures region (Northeast of Algeria); that support the idea of
a north-south gradient. For the A1298C SNP, our funding appears to be lower compared across populations. In addition, the frequency
and coexistence of genotypes of the C677T and A 1298C MTHFR gene polymorphisms in the region studied are similar to other ethnic
group populations.
Keywords: 5,10-Methylenetetrahydrofolate reductase gene, C677T, A1298C SNPs, coexisting genotypes, Real-Time PCR-FRET

INTRODUCTION
Proper function of the folate cycle is directly linked to
optimal human functioning. Plasma folate and vitamin B12
influence homocysteine (Hcy) metabolism as co-substrate
and cofactor, respectively (Lim and Heo 2002).
Homocysteine is a sulfur-containing amino acid derived
from the metabolism of methionine (Malinow 1994).Total
homocysteine levels (tHcy) are controlled by remethylation
or transsulfuration pathways of methionine, related to
folate and vitamin B-6, 12 (Taguchi et al. 2012). In addition,
Plasma levels of homocysteine are influenced by both
environmental and genetic factors.
The
5,
10-methylenetetrahydrofolate
reductase
(MTHFR) is one of the main regulatory enzymes of
homocysteine metabolism (Frosst et al. 1995; Klerk et al.
2002), that catalyzes the irreversible reduction of 5,10methylenetetrahydrofolate to 5-methyltetrahydrofolate
which acts as methyl donor for methionine synthesis from
homocysteine (remethylation) (Goyette et al. 1998), also,
mutations impairing this key enzyme are reported as causes
of hyperhomocysteinemia (HHcyt) (Lievers et al. 2003 ),
that is associated with increased risk for many disorders,

including vascular and neurodegenerative diseases,
pregnancy complications, cancers, etc. (Brustolin et al.
2010; Eloualid et al. 2012).
The 5, 10-MTHFR gene is located on chromosome 1 at
1p36.3. the complementary DNA sequence is 2.2 kilobases
long and consists of 11 exons (Goyette et al. 1998), its
several mutations including C677T (C to T) and A1298C
(A to C) have been identified that decrease the MTHFR
enzyme activity (Van der Put et al. 1995; Chen et al. 2005).
These two single-nucleotide polymorphisms (SNPs) are the
most frequent genetic cause for mild hyperhomocysteinemia (Frosst et al. 1995; Van der Put et al. 1995;
Van der Put et al. 1998; Weisberg et al. 1998).
The C677T SNP results in a missense mutation, in exon
4, that converts a cytosine (C) into thymine (T) which is
leading to substitution of valine for alanine at position 222
(Kang et al. 1991; Frosst et al. 1995), renders the MTHFR
enzyme thermolabile and less active (Frosst et al. 1995). A
second polymorphism in the MTHFR gene is A1298C
polymorphism, results from an adenosine to cytosine
transversion, at nucleotide 1298, in exon (Weisberg et al.
2001; Lievers et al. 2003), which leads to substitution of
Glutamate-429 by alanine (Frosst et al. 1995; Van der Put
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et al. 1998), this mutation can reduce the enzyme activity,
although to lesser extent than the C677T polymorphism
(Weisberg et al. 1998) and it does not affect the
thermolability in the MTHFR gene (Van der Put et al.
1998). The coexistence of the double heterozygous
(677CT/1298AC) individuals displays lower MTHFR
activity than subjects heterozygous for either SNP (Van der
Put et al.1998). Studies of ethnic groups around the world
showed high variability in the allelic and genotypic
distributions of the C677T and A1298C polymorphisms
(Wilcken et al. 2003; Guéant-Rodriguez et al. 2006).
There are few studies and reports on the frequency of
these two previous SNPs in Algerian population. The aim
of this first study in Aures region, was to investigate the
frequency of the MTHFR gene polymorphisms (C677T,
rs=1801133/A1298C, rs=1801131), as well as their
coexistence in healthy subjects from this area (Northeast of
Algeria), and compare the results with data reported from
other ethnic populations.
MATERIALS AND METHODS
Subjects
A total of ninety-four healthy unrelated subjects, were
volunteered to participate in this study (64 males with
mean age 29.46±15.68 and 30 females with mean age
43.03±15.28 living in Aures region), and were recruited,
after obtaining their informed consent. The mean age of the
subjects studied was 33.79±16.72 years, range [18-83
years].
Blood collection and laboratory analysis
Venous blood samples were collected in EDTA
anticoagulant tube (5ml) and centrifuged immediately to
isolate the cell pellets and plasma in separate tubes, the
aliquots were stored at-20 °C until analyzed. This first step
serves for the isolation of DNA from leukocytes.
DNA extraction
Genetic analyzes was performed at the CHU of Nancy
(France), in the Laboratory of Nutrition-Genetics and
Environmental Risk Exposure. Genomic DNA was
extracted from blood leukocytes using the Kit BACC3
NUCLEON® marketed by Amersham Biosciences (Little
Chalfont, UK). DNA extraction was performed according
to the manufacturer’s instructions.
Molecular genetic analysis
The MTHFR C677T, and A1298C and genotypes were
determined using the Real-Time Polymerase Chain
Reaction-fluorescence resonance energy transfer (RealTime PCR-FRET), it was carried out with a Light Cycler ®
480 II Instrument (Roche Diagnostic, Meylan, France).
(Ririe et al. 1997; Vossen et al. 2009).
The PCR primers and probes used in the assay and probe
are: (i) For the C677T polymorphism: Sequence of primers
Forward (F): 5'TGGCAGGTTACCCCAAAGG 3', Reverse
primer (R): 5'TGATGCCCATGTCGGTGC3'. Probe Flu:

TGAGGCTGACCTGAAGCACTTGAAGGAGAAGGTG
TCTX. Probe Red (LC Red): CGGGAGCCGATTTCATCAT
p. (ii) For the A1298C polymorphism: Sequence of primers
Forward (F): 5'CTTTTGGGAGCTGAAGGACTACTAC3'.
Reverse primer (R): 5'CACTTTGTGACCATTCCGGTTTG
3'. Prob Flu: AAGGAGGAGCTGCTGAAGATGTGGGG
GGAGGAGC
TX.
Prob
Red
(LC
Red):
ACCAGTGAAGAAAGTGTCTTTGAp.
The amplification conditions were as follows: PCR
comprise an initial denaturation cycle at 95 °C for 10
seconds, followed by 40 cycles of PCR, each comprising
denaturation at 95 °C, hybridization at 55 °C and
elongation at 72 °C for 10 seconds, 5 seconds, 5 seconds
respectively, and finally cooling to 40 ° C for 30 seconds.
(i) The melting temperatures for the three genotypes of
MTHFR1 C677T are respectively: Wild genotype (CC):
63°C; homozygous mutated (TT): 55°C; heterozygous
(CT): 55°C+64°C. (ii) The melting temperatures for the
three genotypes of MTHFR2 A1298C are respectively:
Wild genotype (AA): 63°C; homozygous mutated (CC):
60°C; heterozygous (AC): 61°C.
The data were expressed as a percentage for both allelic
and genotypic frequencies. Pearson Chi-square test was
used to compare different genotypes regarding gender (sex)
characteristics. Data were analyzed using Statistical
Package for the Social Sciences (SPSS) (Version 23.0.0.02015 for Windows, SPSS Inc., Chicago, IL). tics. P<0.05
was considered to be statistically significant.
RESULTS AND DISCUSSION
Allelic and genotypic frequencies of MTHFR C677T
polymorphism
We recruited ninety-four apparently healthy subjects,
representing the Aures region in Algeria. Their mean age
was 33.79 ±16.72 years. This population was tested for
C677T and A1298C MTHFR polymorphisms.
After Genotyping the 94 subjects, we found the wild
type genotypes CC in 32 (50%) males , and 12 females
(40%) among carriers of C677T MTHFR polymorphism,
24 (37.5%) of males and 15 (50%) of females were found
to be heterozygous subjects, 8 (12.5%) of males and 3
(10%) of females were homozygous mutated, as shown in
Table 1, the allelic frequency of the mutated 677T allele
was 40 (31.25%) for males, and 21 (35%) for females, and
for C allele was 88 (68.75%) for males, and 39 (65%) for
females. The most frequent genotype observed in men was
the heterozygous CC, followed by the homozygous CT, the
homozygous genotype TT had the lowest frequency, but in
women, the first genotype was CT, then CC genotype and
at last the TT genotype.
We compared the genotype and allelic frequencies of
MTHFR C677T between the men subjects and women
subjects, as reported in Table1. We did not find statistically
significant differences in the percentage distributions of
C677T MTHFR polymorphism between males and females
carriers in this population (P=0.518).

HAYAT et al. – C677T and A1298C polymorphisms of the MTHFR gene
Table 1. The frequencies of genotypes and C, T alleles among
men and women carriers of C677T MTHFR polymorphism

Frequency
Wild genotype CC
Heterozygous CT
Homozygous TT

Men
(n= 64)
N (%)
32 (50)
24 (37.5)
8 (12.5)

Women
(n= 30)
N (%)
12 (40)
15 (50)
3 (10)

Total
N (%)
44 (46.48)
39 (41.8)
11 (11.70)

P value

0.518a

Allele C
88 (68.75) 39 (65) 127 (67.55)
Allele T
40 (31.25) 21 (35) 61 (32.45)
Note: aPearson Chi-square test. P < 0.05 is statistically significant.

There are functional polymorphisms in genes encoding
enzymes that may be associated with disease susceptibility.
The MTHFR gene polymorphisms are among the most
studied, however, two main variants from the functional
point of view are the most studied: A1298C and C677T.
Although over the last few years C677T MTHFR
polymorphism has been widely investigated, this is the first
study that investigated the prevalence and the coexistence
of MTHFR C677T and A1298C alleles and genotypes
distribution in the Aures region population (Northeast
Algeria).
The allele frequency of the C677T polymorphism varies
across different geographical regions and ethnic groups
(Wang et al. 2016). In this study, there were no significant
differences in either the genotype distribution or allele
between men and women (P= 0.518), (Table 1). Our results
provide further support that this frequency is not associated
with gender, similar results were obtained in mainland
China, a total of 88255 samples with reported C677T
polymorphisms, based on all these samples, the authors did
not find any difference between the males [19% (12-25%)]
and females [21% (19-24%)] in terms of 677TTgenotype
frequency (Wang et al. 2016). No difference in the
MTHFR mutation frequency was also seen with respect to
gender in Lebanese population (AL-Habboubi et al. 2003).
A study of the C677T polymorphism frequency in 207
healthy subjects of Bosnian population, found that the
Allele and genotype frequency of MTHFR C677T did not
differ between males and females carriers (P=0.35) (Amela
et al. 2013). In contrast, another study about Lebanese
healthy subjects, showed statistical signiﬁcance correlated
to gender (P = 0.012) (Amira et al. 2008).
There was some evidence for geographic gradients in
Europe (north to south increase) in the prevalence of the
TT homozygous genotype across the study areas, for
example, the prevalence of the TT genotype was 4% in
Finland and 7% in Russia, intermediate values (8-10%)
were noted in France and Hungary and higher values in
southern Europe (12-15% in Spain and northern Italy),
peaking in southern Italy (20-26% in Campania and Sicily)
(Wilcken et al. 2003). Also, Nishio et al. (1996) reported
that the prevalence of the TT genotype found in Germany
was (10.4%) and in Greece was (10.0%).
A similar gradient has been observed in North America,
where the frequency of TT genotype increases from
western Canada (Alberta) to the south-eastern United
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States (Atlanta), peaking in Mexico (Wilcken et al. 2003).
Another comparative study between Mexican, West
African, and European populations, about the prevalence of
the MTHFR C677T and A1298C alleles and folate status,
found that the T677 allele frequency was highest in Mexico
City, intermediate in eastern France and Sicily, and lowest
in West Africa. The frequencies of the 677TT genotype and
the 677T allele observed were as follows: in West Africa
(0.8-9.0%), in French (14.2-36.1%), Italy (Sicily) (19.947.3%) and Mexico City (35.7-58.0%), an adequate folic
acid intake has presumed enabled increase in the MTHFR
677T frequency in these populations (Guéant-Rodriguez et
al. 2006).
It is worth mentioning that in South-East Asian
communities the prevalence of TT genotype was; (12.0%)
in South Korea, (11.0%) in Japan (Nishio et al. 1996), and
(6.9%) in Taiwan (Wassim et al. 2004).
Across all 23 of the studied provinces, Wang et al.
(2016) observed increases in the 677T allele and 677TT
genotype frequencies along the geographical gradient, in
the southern-central-northern direction across Mainland,
from lower values, to intermediate, to higher values
respectively. The frequencies of the 677TT genotype and
the 677T allele were: 7% (5-8%) and 25% (23-27%) in
southern, 19% (16-21%) and 41% (36-45%) in central, and
28% (25-31%) and 53% (51-55%) in northern China (all P
values ≤ 0.001). One such nutritional investigation revealed
that the geometric mean of the blood folate concentration is
lower in the northern populations than the southern
populations (Hao et al. 2003).
In Indian study results showed wide variations, with the
highest frequency of the 677T allele among the Sindhi
population (23.8%). In contrast, the 677T allele is absent in
the Kom, Thadou and Munda populations, and its average
frequency is 10.1% across all 23 populations in India
(Saraswathy et al. 2012).The lower frequency of the 677T
allele among the tribal groups (the Kom, Thadou and
Munda populations) may have been influenced by folate
deficiencies because the majority of the population in India
were vegetarians with low intake of vitamin B12 (Wang et
al. 2016).
In another evaluation of Colombian individuals, healthy
subjects were included, different genotype frequencies
were found relative to the present report: the most
frequently observed genotype was the heterozygous C/T
(80 individuals, 52.6%), followed by the homozygous C/C
with 52 individuals (34.2%) and T/T had the lowest
frequency in the population studied (20 individuals, 13.2%)
(Romero-Sánchez et al. 2015).
According to a study published on the association between
C677T and A1298C polymorphisms and elevated
homocysteine, in 117 healthy volunteers in Portugal
population (southwestern Europe), that reported the
distribution of the genotype and allele frequencies of
C677T polymorphism was 33.3% for T allele and 66.7%
for C allele. Overall, 10.3% of the subjects carried the
677TT genotype; the heterozygous status was 46.2%, and
43.6% for the homozygous status. Therefore, these results
show relative frequencies of the 677T allele and of the
677TT genotype lower than those reported for the other
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two South European countries, Spain and Italy, and are not
consistent with the idea of a north-south gradient, and
confirm the notion that local geographic population studies
are necessary (Castro et al. 2003).
An important study comprised of 408 healthy Lebanese
and 152 healthy Bahraini subjects, found that the carriers
159 (39.0%) Lebanese and 26 (17.1%) Bahraini carriers
were heterozygote, while 10 (2.50%) Lebanese and 4
(2.63%) were in the homozygous state (TT genotype)
which are relatively low (Al-Habboubi et al. 2003).
Another Lebanese study about healthy subjects, where the
authors investigated the prevalence of MTHFR C677T
polymorphism. The distribution of CC, CT, and TT
genotypes found was, respectively: 65.3%, 30.8%, and
3.9%, with an overall carrier rate of 34.6% and allelic
frequency of 0.19 (Saraswathy et al. 2012). In Jordanian
population, Eid and Rihani (2004) reported that the TT
genotype frequency was 8 and T allele frequency was 0.16.
These values are lower than observed in our study.
A few studies in the Arab Maghreb region have
examined the MTHFR C677T polymorphism. In Morocco,
based on this study that concerned 182 peoples apparently
healthy and randomly selected in Arabs and Berbers
Moroccan individuals, the following genotypes frequency
of C677Tpolymorphism were found: CC genotype in 97
(53.3%), CT genotype in 74 (40.7%), TT genotype in 11
(6%), the T allele was (26.4%) (Paluku They-They et al.
2009). A study in Tunisia, which aims to determine the
allelic and genotypic frequencies of the C677T
polymorphism among a Tunisian healthy population,
showed the following results: CC (69.7%), CT (24.9%),
and TT (5.4%). The frequency of the T allele estimated in
the sample of 185 individuals was 17.8. These values are
intermediate between those observed in Africa and those
observed in Western countries (Jerbi et al. 2005). Bourouba
et al. (2009) showed in healthy populations in Setif city
(Algeria), that MTHFR 677CC genotype was found in 67
(45.6%) individuals; 59 individuals were heterozygous
(40.1%), and 21 were homozygous (TT: 14.3%). The
frequency of MTHFR 677T was found to be 34.3%. These
values remain intermediate between those observed in
Africa and those observed in the West and in South
America. An evaluation of the genotypic and allelic
frequencies of C677T polymorphism on 100 healthy
Algerian people, showed the following results: C allele
(69.5%), T allele (30.5%), CC (45%), CT (49%), TT (6%).
Their study indicates an intermediate allelic frequency that
joins the North-South world gradient with a high
prevalence of Hyperhomocysteinemia (Hambaba et al.
2008). These last results are closely comparable to our
outcomes achieved: T allele (32.45%), TT (11.70%).
In the present study, our findings corroborate those of
other worldwide research, and are consistent with the
hypothesis of a north-south gradient.
Allelic and genotypic frequencies of MTHFR A1298C
polymorphism
The distribution of the MTHFR genotypes for the A1298C
mutations is summarized in Table 2, the frequencies of AA,
AC and CC genotypes of MTHFR A1298C polymorphism

in males and females subgroup found as follows: [AA
genotype for males; 39 (60.93%), for females; 21 (70%)],
[AC genotype for male; 19 ( 29.68%), for females: 8
(26.66%)], [CC genotype for males; 6 (9.37%), for
females; 1 (3.33%)], one women was detected with
homozygous genotype (CC).
As shown previously in Table 2, the relative
frequencies of the 1298A and1298C alleles in both males
and females were [A Allele for males: 97 (75.78), for
females: 50 (83.33)], [C Allele for males; 31 (24.21), for
females: 10 (16.66)]. The same genotype frequency order’s
distribution was observed for A1298C polymorphism in
both males and females; (firstly the AA genotype
frequency, followed by AC genotype, and finally CC
genotype). The carriers of wild-type allele homozygous
(AA) genotype and heterozygous (AC) genotype were most
represented in males than females; and the homozygous for
the mutant allele (CC) genotype had the lowest frequency
in women, 1 (3.33)%.
We also did not find statistically significant differences
in the percentage distributions of A1298C MTHFR
polymorphism between men and women carriers in our
group studied (P=0.514). Overall, in our analysis,
11participants (11.70%) of the subjects carried the 677 TT
genotype and 7 participants (7.44%) had the 1298 CC
genotype. The heterozygous status for C677T mutations
(41.8%) was more frequent than the 1298 AC mutations
(28.72%).
The frequency distribution of the A1298C
polymorphism is not as widely studied as the C677T
polymorphism. Our results showed (Table 2) that no
significant difference was found for both genders, in terms
of carrier frequency (p=0.514). A study revealed that
gender did not affect the distribution of the A1298C
mutation since the frequencies of the genotypes are
comparable between males and females (p=0.618) (Amira
et al. 2008).
Interesting study performed by researchers, showed that
the West African countries and Mexico City were the 2
areas with the lowest frequencies of the 1298C allele and
the1298CC genotype, and the highest frequency was
reported in France. The CC genotype and C allele
frequency observed was: in west Africa subjects CC
(1.9%), C (13.9%), in Mexico city CC (2.3%), C (14.7%),
in France CC (11.5%), C (35.7%), in Italy (Sicily) such
frequencies were CC (7.5%) and C (28.1%) (GuéantRodriguez et al. 2006). Of the 120 healthy Irish participants,
Table 2. The frequencies of genotypes and C, A alleles among
men and women carriers of A1298C MTHFR polymorphism
Men
Women
(n= 64)
(n= 30)
N (%)
N (%)
Frequency
Wild genotype AA 39 (60.93) 21 (70)
Heterozygous AC 19 ( 29.68) 8 (26.66)
Homozygous CC
6 (9.37)
1 (3.33)

Total
N (%)
60 (63.82)
27 (28.72)
7 (7.44)

P value

0.514a

Allele A
97 (75.78) 50 (83.33) 147 (78.19)
Allele C
31 (24.21) (16.66) 41 (21.81)
Note: a Pearson Chi-square test. P<0.05 is statistically significant.
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56 were heterozygous carriers, giving a genotype frequency
of 46.7%, whereas 11 (CC: 14.2%) were homozygous for
A1298C. The prevalence of 1298CC homozygotes in this
Irish study is significantly higher than that reported for
most European populations (Rita and Thomas 2004).
The frequencies in Turkey of MTHFR 1298AA, 1298
AC, and 1298 CC genotypes were 43.7%, 46.3%, and
10.0%, respectively (Sazci et al. 2005). Overall, the
frequencies of the 1298C allele range from 24% to 40% in
Europe, 0% to 15% in South America and 14.7% in North
America (Amouzou et al. 2004). Lower frequencies were
observed in Asian population CC (1.9%) C (0.16)
(Esfahani et al. 2003) and in Chinese population CC
(3.8%), C (0.176) (Shrubsole et al. 2004). However, it is
crucial to note that in Lebanon which harbors the highest
prevalence of the MTHFR A1298C polymorphism among
different ethnic populations; the AC genotypic prevalence
was 50.2% followed by the wild-type genotype AA, 25.9%,
and the homozygote genotype (CC) was (23.9%), with an
overall carrier rate of 74.14% and an allelic frequency of C
0.49 (the highest frequency) (Amira et al. 2008). In
addition, the genotype frequency of CC and C allele was
also higher among Tamilians population CC (10%), C
(0.35) (Angeline et al. 2004) and Bahraini Arabs (7.3%), C
(0.34) (Al-Habboubi et al. 2004). Indians population CC
(3%), C (0.10) (Markan et al. 2007) and Japanese CC
(0.16), C (1.3%) (Hiraoka et al. 2004), which scored the
lowest values.
In the present study, our results appear lower CC
(7.44%), C (0.21), compared to the Arab’s (Lebanese,
Bahrain's Arabs) and Tamilians population. The A1298C
allele frequency, although less documented, seems more
uniform in the majority of the studied populations (Lievers
et al. 2001; Peng et al. 2001; Weisberg et al. 2001). The
association of the A1298C mutation with decreased
MTHFR specific activity is agreed (Lievers et al. 2001).
Different from C677T, the biochemical effect of the
A1298C mutation on MTHFR function is still controversial
(Van der Put et al. 1998; Friso et al. 2002), indeed the
relationship between the gene polymorphisms MTHFR
A1298C and Hcy levels remains controversial (Wang et al.
2017).
The frequency of coexistence of MTHFR C677T and A
1298C polymorphisms
The coexistence of genotypes of both mutations was
examined and given in Table 3, our data showed that the
most frequent coexistence genotypes were: 677CC/
1298AA (22.34%), 677CT/1298AA (29.78%), 677CC/
1298AC (17.02%) and the genotypes less frequent were:
677TT/1298AA (11.70%), 677CT/1298AC (11.70%),
677CC/1298 CC (7.44%), the 677TT genotype was
associated with the wild type homozygous 1298AA
genotype in all individuals, it’s same case as 1298CC
which always was associated with the wild type
homozygous 677CC genotype.
In our study, the following genotypes: 677TT/1298AC,
677CT/1298CC, 677TT/1298CC (the homozygous double
mutant) has been no observed.
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Table 3. The frequency of coexistence of C677T and A 1298C
polymorphisms
Genotypes
A1298C
MTHFR

AA
AC
CC
Total

C677T MTHFR
CC
CT
TT
21
21
11
(22.34)
(29.78)
(11.70)
16
11
00
(17.02)
(11.70)
(00.00)
07
00
00
(7.44)
(00.00)
(00.00)
44
39
11
(46.80)
(41.48)
(11.70)

Total
60
(63.82)
27
(28.72)
7
(7.44)
94
(100.00)

Table 4. MTHFR activity (%) according to the presence of
C677T and A1298C polymorphisms (Van der Put et al. 1998;
Weisberg et al. 1998)
Genotypes
A1298C
MTHFR

AA (%)
AC (%)
CC (%)

CC (%)
100
79-80
50-60

C677T MTHFR
CT (%)
TT (%)
60-70
30-40
50-60
-

Few studies have anchored their analyses in
examination of the coexistence of C677T and A1298C
variants in different populations, and their correlation with
MTHFR activity and folate level change (GuéantRodriguez et al. 2006). One of the first studies was
performed on the Dutch population (Van der Put et
al.1998), the study did not found the coexistence of the
677CT/1298CC,
677TT/1298AC,
677TT/1298CC
genotypes, similar results obtained in our studied group
(Table 3), and in several European studies. A less frequent
coexistence
genotypes
677TT/1298AA
(9%),
677CC/1298CC (9.4%) was found in the Dutch population,
comparable to our results: 677TT/1298AA (11.70%),
677CC/1298 CC (7.44%). The most frequent coexistence
genotypes 677CT/1298AA (20.1%), as well as found in our
group 677CT/1298AA (29.78%), whereas 677CT/1298AC
(20.1%), was detected low common in our study (11.70%),
equally the 677TT/1298AA genotypes were noted low in
our population (11.70%).
An exploration of MTHFR activity’s according to the
presence of C677T and A1298C polymorphisms are shown
in Table 4 above (Van der Put et al.1998; Weisberg et
al.1998). The authors revealed a significant decrease of the
MTHFR activity in cases of coexistence of the genotypes
MTHFR 677TT/1298AA (30-40%, approximately 70%
less active), 50% decrease of MTHFR activity was
observed in 677CT/1298AC genotypes. Nearly 40%
reduction in enzyme activity was observed in the other
genotypes (677CC/1298CC, 677CT/1298AA).
Contrary to our results, exceptional cases were reported
in Turkish population observed a coexistence of
677CT/1298CC, 677TT/1298AC (Ergul et al. 2003; Sazci
et al. 2005). In one of these two studies, which involved
1004 women and 680 men (1684), the frequency of double
heterozygous genotypes was 677CT/1298AC (21.6%)
(Sazci et al. 2005). Interestingly, 677TT/1298AC was
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detected also in Hundo population (Kumar Rai et al. 2006),
and equally it was detected in Canada by Isotalo et al.
(2000) who studied 119 Canadians newborns; TT/AC: 2
(1.70%), for the others coexisting genotypes, they were as
follow: CC/AA: 17 (14.30%), CC/AC: 42 (35.30%),
CC/CC: 9 (7.60%), CT/AA: 14 (11.70%), CT/AC: 23
(19.30%), TT/AA: 12 (10.10%), TT/CC and CT/CC
genotypes were not observed in this study.
De Re et al. 2010 demonstrated the coexistence of the
677CT/1298AC in (30.20%) of 454 Italian subjects (315
men and 139 women). In Irish population study of the
MTHFR C677T/A1298C genotype combinations, 28
participants (23.3%) were double heterozygotes (Rita and
Thomas 2004), another study population which consisted
of 1684 randomized individuals from around Turkey, of
whom 1004 were females and 680 were males the
frequency of C677T/A1298C compound heterozygosity is
highest in Turkey (21.6%), as compared to Canada (15%),
the United States (17%) and the Netherlands (20%) (Sazci
et al. 2005), this results were most frequent than those
obtained in our analysis (11.70%). Also, 677TT/1298AA
genotypes were found in (12.60%) by (De Re et al. 2010),
results were similar to those achieved in our study
(11.70%). A study investigated the frequency of these two
MTHFR polymorphisms in a Portuguese population, in 117
healthy volunteers (71 females, 46 males) studied, 21.4%
of the subjects were compound heterozygotes for the two
MTHFR SNPs (677CT/1298AC), the 1298C allele
frequency was 28.2%, demonstrating that the mutation is
also common in this population (Castro et al. 2003).
Noteworthy, a higher frequency of the coexistences of
genotypes with the mutated allele suggested a significant
role of diet rich in folate in the south of Europe (Italy,
Turkey) that could affect an individual's ability to survive
with mutated genotypes of MTHFR polymorphisms
(Hubert et al. 2015). It appears that C677T and A1298C
polymorphisms can act synergistically, given that
heterozygosity for both polymorphisms causes lower
MTHFR activity than heterozygosity alone for either
mutation (Van der Put et al. 1998). Also, an association of
double heterozygote status with elevated tHcy levels in the
presence of low folate status was observed (Van der Put et
al. 1998). Previous studies have proved that the A1298C
polymorphism in combination with C677T appeared to
affect enzyme activity and tHcy (Weisberg et al. 1998;
Weisberg et al. 2001). However, other authors failed to find
any influence of folate on the distribution of the
677CT/1298AC combined genotype in the 7 areas studied;
West Africa, coastal and savannah areas of Togo, coastal
Benin, France, Sicily, and Mexico City (Guéant-Rodriguez
et al. 2006).
In conclusion, this study is the first to report frequency
and the coexistence of C677Tand A1298C MTHFR
polymorphisms in healthy Algerian population (Aures
region). For the C677T SNP, our intermediate data were
agreed with the hypothesis of a North-South gradient. The
C allele and CC genotype frequencies of the A1298C
polymorphism was found lower; CC (7.44%), C (0.21)
compared to ethnic groups; this SNP has not been
extensively studied worldwide and in Algeria particularly.

The Coexistence of C677T and A1298C MTHFR
polymorphisms genotypes observed in this study is
consistent with the data from literature with lower
frequency of the double heterozygotes (677CT/1298AC:
11.70%). Analysing the combination genotypes of the two
SNPs in Algerian population is also an important point
should be raised. Furthers studies in MTHFR gene
polymorphisms are needed to clarify their possible impact
on public health in Aures region (Northeast Algeria).
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Abstract. Indrayani Y, Muin M, Adilla C, Yoshimura T. 2018. Short Communication: Attractiveness of subterranean termite
Coptotermes formosanus to plant leaf extracts. Biodiversitas 19: 1176-1180. Plant-derived compounds have many potential uses. One
such use is in agriculture for managing pests with less risk than with synthetic compounds that are toxicologically and environmentally
undesirable. The current study focuses on the potential use of leaf extracts from five tropical plant species in attractant bait systems for
controlling subterranean termites. Leaves from clove [Syzygium aromaticum (L.)], cajuput (Melaleuca leucadendra L.), cinnamon
[Cinnamomum burmannii (Nees & T. Nees) Blume], basil (Ocimum sanctum L.) and bay (Syzygium polyanthum Wight) were extracted
with 70% ethanol solution. Each extract was evaluated for its attractant properties for Coptotermes formosanus Shiraki using olfactory
and Y-line trail following tests, respectively. Extract solutions were diluted to 1% concentration based on their eugenol content. For
each test, which was replicated 15 times, a single worker was introduced into the test unit. The results showed that M. leucadendra
crude extract was the most attractive among the five plant crude extracts, and the S. aromaticum crude extract was attractive especially
in the trail-following test. The attraction rates were 40.00%, 80.00%, 53.33%, 60.00% and 46.67% for the S. aromaticum, M.
leucadendra, C. burmannii, O. sanctum and S. polyanthum extracts, respectively. The trail-following rates were 86.67% for the S.
aromaticum extract, 66.67% for the M. leucadendra extract, 53.33% for the C. burmannii extract, 20% for the O. sanctum extract as
well as 26.67% for the S. polyanthum extract.
Keywords: Attractants, attractive properties, Coptotermes formosanus, leaf extracts, trail-following test

INTRODUCTION
Subterranean termites are well-known for causing
damage to wooden structures, and considerable efforts have
been made for controlling them. Subterranean termite
treatment has changed dramatically in terms of systems,
application techniques, and products during the last two
decades. Currently, the use of bait systems with various
methods of application has become a common
commercially developed approach. Baiting systems for
termite control have been intensely researched (Myles
1996; Getty et al. 2000; Thorne and Forschler 2000; Grace
and Su 2001; Kubota 2011). The common goal in bait
systems is to exploit the process of termite workers in
foraging for food and bringing it back to the colony. In
baiting technology, a food source as a part of the system
should be viable and accepted by worker termites. They
then feed other colony members with the bait, leading to
the elimination of termite colony. Therefore, for a baiting
system to be successful, the food sources must contain
attractants for the bait matrix. Many toxicants have been
considered as potential active ingredients in termite baits
(Eger et al. 2012). However, for economic and

environmental reasons, research has explored the potential
of using bio-based materials for termite control (Sajap and
Aloysius 2000; Sajap et al. 2006; Safian et al. 2011).
Plant extracts contain a variety of chemical compounds,
some of which may have potential uses in agriculture for
managing insect pests. These compounds may also be
associated with less risk than synthetic compounds that are
toxicologically and environmentally undesirable. The use
of plant extracts for termite control has been conducted by
many researchers. Singh et al. (2001) and Ding and Hu
(2010) reported plant extracts having anti-termite
properties and described termite-resistant formulations.
Uses of plant extracts as bio-based attractant for termites
bait formulation has not been reported so far.
Waller et al. (1999) reported the importance of
chemical directional cues as one of the factors affecting
termite recruitment to bait. Crude plant extracts contain a
mixture of compounds that are likely to perform differently
compared to a single compound. Consequently, in addition
to their attractant effects, crude extracts may also have
repellent effects for termites. Some studies have been
conducted to explore the performance of crude plant
extracts against insects in term of calling behavior, but was
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limited to Sogatella furcifera (Homoptera: Delphacidae)
(Khan and Saxena 1986). This current study aimed at
examining the direct response of subterranean termites
Coptotermes formosanus Shiraki to crude extracts of leaves
from five tropical plant species in terms of their
attractiveness and repellency.
MATERIALS AND METHODS
Termites
Mature subterranean termite workers were obtained
from the termitarium of the Deterioration Organisms
Laboratory (DOL), Research Institute for Sustainable
Humanosphere (RISH), Kyoto University, Japan. Only
health workers were used in this study.
Extracts and treatments
Leaf extracts from the following five tropical plant
species were prepared according to Indrayani et al. (2017):
clove [Syzygium aromaticum (L.) Merr. & L.M. Perry],
cajuput
(Melaleuca
leucadendra
L.),
cinnamon
[Cinnamomum burmannii (Ness & T. Nees) Blume], basil
(Ocimum sanctum L.), and bay (Syzygium polyanthum
Wight). Prior to the extraction, the plant leaves were airdried for 3 days and crosscut into small segments. The
extraction was conducted with 70% ethanol solution for
three 24-hours, and then rotary evaporated at 60°C for two
24-hour periods until the extract became a gel. For
treatments, all leaf extracts were diluted with 70% ethanol
solution to achieve concentration of eugenol (1%). This
concentration was calculated based on the eugenol content
of each extract revealed by GC-MS analyses in preliminary
testing.
Olfactory response test
The response of termites to the extract was determined
using an olfactometer test unit modified from Wang et al.
(2012) as shown in Figure 1. The unit consisted of distilled
water bottle, molecular sieve 3A bottle, molecular sieve 5A
bottle, charcoal bottle, circulating air pump, air flow
meters, and a Y-tube boom. The parts were connected in
series with odorless silicon tubing (Sanplatec, Japan) and

Air pump

1177

permitted the use of clean air to blow the odor source. The
Y-tube boom was 7 cm and 3 cm for the main and side
arms, respectively, with an inside diameter of 1 cm.
Twenty-five microliters of extract were pipetted onto a
1.3-mm paper disk (Advantec, Toyo Roshi Kaisha, Ltd.),
air-dried, and put into one of the Y-tube side arms. Another
paper disk with ethanol solvent alone was placed in the
other Y-tube side arm as a control. The two Y-tube side
arms were then ventilated with two lines of air pump at the
same flow rate of 0.6 L min-1. One termite worker was
introduced into the main arm and allowed to move towards
either of the side arms; this test was replicated 15 times,
with a different worker each time. The test unit was
covered with a sheet of transparent red plastic wrap
(Rengo, Osaka, Japan) to protect termites from direct light.
The number of workers that went into either of the side
arms and remained for more than 30 seconds was recorded.
The Y-tube boom was cleaned with ethanol and dried.
After each replicate, the two side arms were alternated for
treatment and control.
Trail-following test
The trail-following test was performed according to the
method developed by Hall and Traniello (1985) with a
modification in the Y line measurement. A Y-shaped pencil
line was drawn onto a 12.5-cm-diameter filter paper
(Whatman No. 2, United Kingdom) with 3-cm-and 7-cmlengths of main stem and arms, respectively. The stem and
one arm of each Y were treated with 75 mm3 extracts of
each plant species, while the other arms were treated with
the ethanol solvent as a control. The extracts were dried for
approximately 2 minutes, and one termite worker was then
placed at the base of the Y stem, held there with a 1-cmdiameter plastic cylinder and for one minute prior to being
released. The test unit was covered with a 12.5-cmdiameter Petri dish coated with transparent red plastic wrap
(Rengo, Osaka, Japan) to protect the termite from the
ambient environment. The test was replicated 15 times for
each extract. Following the line treated with an extract was
considered a positive response, and the number of
individual termites with a positive response was recorded
for each extract.

Distilled H2O
Charcoal

Y-tube boom

Molecular sieve 3A

Molecular sieve 5A
Air flow
meter
Figure 1. Experimental unit for the olfactory response test

Silica gel

meter
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Data analysis
The repellency rate of each of the crude extracts was
calculated based on the number of termites that selected the
control and the total number of tested termites. The positive
response rate for each of the crude extracts was calculated
based on the number of termites that followed the extract
lines and the total amount of tested termites. All data were
analyzed by using the Chi-Square Test to compare between
treatment and control.
RESULTS AND DISCUSSION
Olfactory response
In the olfactory test, the termites responded differently
to treated and untreated paper disks. Compared to untreated
control, only the paper disk treated with M. leucadendra
extract had significant attractive rates (P < 0.001). No
significant response was found for the other tested extracts.
The odour attractiveness rates of extracts were 40.00% for
S. aromaticum, 80.00% for M. leucadendra, 53.33% for C.
burmannii, 60.00% for O. sanctum, and 46.67% for S.
polyanthum. The different responses of the tested plant
extracts indicate that each of them has different
chemotypes exerting different biological actions. In this
study, M. leucadendra extract had a significant attractant
effect for the termites, with the repellent rate being only
20%.

Figure 2. Responses of worker termites to leaf extracts in the
olfactory test

Figure 3. Responses of worker termites to leaf extracts in the
following trial test

Trail following
In the trail-following test, positive responses were
found for the S. aromaticum and M. leucadendra extracts
as shown in Figure 2. The number of termites that followed
the extracted line of S. aromaticum was significantly
greater than the number other ways (significant at P <
0.05). A significant response by termites was also found for
the M. leucadendra extract (significant at P < 0.05) but the
difference for the extracted line of C. burmannii was not
significant (P > 0.05). Negative responses were observed
for the O. sanctum and S. polyanthum extracts. The number
of termites that followed the extracted line of O. sanctum
was significantly less than the number that went other ways
(significant at P < 0.05). The same significantly negative
response by termites was also found for the extracted line
of S. polyanthum (significant at P < 0.05). Hence, the
attractant rates for O. sanctum and S. polyanthum extracts
were lower than those of S. aromaticum and M.
leucadendra extracts. The trail-following rates were
86.67% for S. aromaticum, 66.67% for M. leucadendra,
53.33% for C. burmannii, 26.67% for O. sanctum, and
20.00% for S. polyanthum.
Our bioassay showed that among the five plant crude
extracts, M. leucadendra crude extract was the most
attractive to termites based on their olfactory behavior
tested using the olfactory response test and trail-following
test. Syzygium aromaticum crude extract could also be
considered as attractive for termites, especially in the trailfollowing test. The remaining crude extracts, including C.
burmannii, O. sanctum, and S. polyanthum were not
attractive. Our results agree with previous studies reporting
many plants as having anti-termitic activities, such as clove
(Koul et al. 2008; Zhu et al. 2001a, b) and cinnamon (Koul
et al. 2008; Sbeghen et al. 2002). Basil is also known for its
varied pest control properties (Koul et al. 2008), and bay
leaves possess repellent properties for controlling structural
pests such as termite (Onyambu et al. 2014).
The attractiveness level of plant extracts is
acknowledged to have the relation with the type and
concentration of their chemical compounds. For M.
leucadendra, one of the chemotypes associated with its
attractiveness is the high content of cineole and low content
of eugenol when compared to other plant extracts. Although
the two chemical compounds have been known to have
repellent and toxicant properties against insects, depending
on their concentrations, they can be considered as essential
oil with a capacity to attract termites. Besides, the chemical
responses are believed to be the resultant effect from a
complex interaction between its constituents, which
produce both synergistic and antagonistic responses
between the components. Therefore, understanding such
interactions is important in comparing plant extracts on the
basis of their chemical composition.
Earlier studies suggested that the anti-termitic activities
of many plants were associated with the presence of
eugenol in their tissues. Cornelius, Grace, and Yates (1997)
reported that eugenol caused 100% subterranean termite C.
formosanus mortality at a concentration as low as 0.06
µLg-1 of sand. Furthermore, previous data have shown that
the crude extracts of S. aromaticum, M. leucadendra, and
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C. burmannii contain eugenol. GCMS analysis showed
eugenol in each crude extract used in this study as follows:
S. aromaticum (7.92%), C. burmannii (4.64%), and M.
leucadendra, (3.36%), while the crude extract of the other
two plant species contained derivatives of eugenol such as
methyl eugenol (2.24%) in O. sanctum and acetyl eugenol
in S. polyanthum (6.54%) (Indrayani et al. 2017). The
result of this study confirms that M. leucadendra crude
extract, which is the most attractive to C. formosanus, has
the lowest amount of eugenol.
The result also demonstrated the potential for S.
polyanthum extracts to be either attractant or repellent
substances for termites because repellent and trailfollowing rates were 60.00% and 86.67%, respectively.
These effects should be carefully considered with respect to
application of S. polyanthum extract as it was found to have
a high eugenol content (Indrayani et al. 2017). A study
using a 10% crude extract of S. aromaticum (equal to a
eugenol content of 0.00792%) was found to attract termites
(Indrayani et al. 2017). The reason for these different
responses by termites is unclear and need to be further
explored, particularly related to the appropriate
concentration and synergic interaction of active compound
present in crude extract of S. aromaticum. More studies are
necessary to prove their mechanism of action.
The current result will be useful in determining the
compounds in different crude extract that are attractive to
subterranean termites. The data concerning chemotypes
and biological properties of various plant extracts enable us
to determine whether these crude extracts are compromised
as part of a bait matrix formulation, particularly for
developing bait system technologies for termite controls. In
this case, the concentration of each active chemical
compounds should be taken into consideration together
with its synergistic or antagonistic properties to other
compounds.
In conclusion, the tested leaf extracts performed
differently in terms of their effects on subterranean termites
(C. formosanus). Positive responses were found for S.
aromaticum and M. leucadendra extracts as the termites
prefer to move along the extract lines in the trail-following
tests. However, S. aromaticum extract also demonstrated a
negative reaction as the termites go toward the untreated
control in the olfactory response test. No significant termite
response was observed on the treatments using C.
burmannii, O. sanctum, and S. polyanthum extracts. The M.
leucadendra extract is found to have potential toward
meeting the needs of termite control because of its high
attractant and low repellent rates. To use M. leucadendra
leaf extract as bio-attractants for termites, other related data
on active chemical compounds of the extract are required
since they are responsible for the termite attractiveness.
Further study is indispensable for searching the most
appropriate type of chemical compounds containing in M.
leucadendra leaf extract as bio-attractants for termites.
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