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ABSTRACT
Putranto HD, Setianto J, Santoso U, Warnoto, Nurmeliasari, Zueni A. 2012. Estradiol-17β hormone concentration and follicles number
in exotic Burgo chicken supplemented by Sauropus androgynus leaves extract. Biodiversitas 13: 1-6. Bengkulu Province of Indonesia has an
indigenous crossbreed chicken named burgo or Rejang chicken. A conservation effort in this study was represented by supplementing 4
different levels of leaves extract of Sauropus androgynus (or katuk) (LESA) to improve number of fertile eggs. The purpose of study
was to identify the effects of LESA supplementation on female burgo chicken’s serum estradiol-17β (E2) hormone concentration profile
and number of follicles. LESA was added into drinking water (0, 9, 18 and 27 g/chicken/day) during 8 weeks of threatment. The results
showed that supplementation of LESA dosed 9 to 27 g/chickens/day had significantly affected E2 concentrations and number of follicles
(P < 0.05). In contrast, the average of female burgo E2 concentration with supplemented LESA was higher than control group. The total
number of small follicle yield was highest (86.5%) compared to medium follicle (7.8%) and large follicle (5.3%). Many primary follicles
(primordial) and post ovulatory follicles were probably in micro size and unseen by an usual visual counting. It seems that serum E2
hormone concentration correlated to total number of preheararchal follicles. Supplemented LESA was able to improve the serum
estrogen steroid hormone concentration and number of preheararchal follicle (small and medium follicles) in female burgo chicken.
Key words: burgo, follicles, katuk, serum estradiol-17β.

INTRODUCTION
Indonesia is well known as a rich biodiversity country
with various species of flora and fauna (Putranto 2010;
Putranto et al. 2010a), including some sub-species of native
chickens. Indigenous chickens such as kedu, cemani,
pelung, bekisar, merawang, balenggek and nunukan
chicken are well known and famous as fancy fowls or
landrace chickens among Indonesians. Previous studies
(Putranto 2011a,b; Putranto et al. 2010b) reported that there
are also wild sub-species of chicken, unfortunately when
they are captived, this rare sub-species would easily
suffered from stress, low reproductive status and could be
suffered for loss of feed intake which resulted in a high
mortality rate. In fact, their low reproductive and low
growth rate status of those indigenous sub-species have
lead into a low population growth situation.
Furthermore, in year of 1999 some scientists began to
promote a new sub-species of Bengkulu native chicken
called burgo chicken or also wellknown as Rejang chicken
(Nurmeliasari 2003; Setianto et al. 2009; Putranto 2011a, b;
Putranto et al. 2010b). Burgo chicken (Figure 1) is an
endemic indigenous chicken of Bengkulu, a province
which is located in Southern Sumatera island. They have

been kept by rural communities for many generations in
Rejang Lebong Regency of Bengkulu Province, therefore it
is also known as Rejang chicken (Setianto et al. 2009;
Warnoto and Setianto 2009).

Figure 1. Burgo cock profile
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Burgo chicken is genetically a crossmated chicken with
some specific phenotypical characteristics and beautiful
feather colour. Unfortunately, there are limited reports on
burgo chicken reproductive physiology (Putranto 2011a, b;
Putranto et al. 2010b). Previous reports informed about
population of burgo chicken in Rejang Lebong Regency
(Nurmeliasari 2003), population based on macro
environment, altitude, temperature, rainfall and farming
system type (Setianto et al. 2009) and the population
percentage and populaton density in 5 regencies in
Bengkulu Province (Putranto 2011a; Putranto et al. 2010b).
Farmers in rural area of Bengkulu keep burgo chicken
live naturally by a backyard farming system. However,
similar to their parental characteristics (kampung chicken
and wild red forest chicken) which is low reproductive rate
and low growth rate have resulted in a low population
growth too (Putranto et al. 2010b). Similar to other wild
sub-species chicken, they are also difficult to domesticated
and could not easily adapt to a captivity condition. This
sub-species of chicken can be categorized as one of
Indonesia biodiversity treasure and should be conserved
immediately (Putranto 2011a, b; Putranto et al. 2010b).
Therefore, conservation program would be one useful
effort to increase their population by improving their
reproductive performances.
Leaves extract of Sauropus androgynus (or katuk)
(LESA) is already well known as a natural supplementation
for some mammals (Agustal et al. 1997). S. androgynus
leaves contains precursor, which is mostly important in
eicosanoids biosyntesis and involved in reproduction
process and milk production in lactating sheeps. It is also
containing 17-ketosteroid, androstan-17-one, 3-ethyl-3hydroxy-5alpha which are involved in female steroid
hormone syntesis. LESA which was supplemented in
broiler diet have improved the meat quality and increased
number of chicken egg production (Santoso et al. 2005).
S. androgynus leaves contains benzoate acid which
would converted into estradiol-17β benzoate (Santoso et al.
2005). Estradiol-17β benzoate has a role function in reproduction and stimulate follicles growth and development.
Furthermore, it is reported that 17-ketosteroid, androstan17-one, 3-ethyl-3-hydroxy-5alpha contents of S. androgynus
leaves are also involved in female progesterone (P4) and
estradiol-17β (E2) steroid hormones secretion.
Steroid hormones such as E2 and P4 are important in
follicles growth and development. When the primordial
follicle grows until the stage of de Graff follicle, those
hormones are mutually interacted. Previous studies also
reported that sexual steroid hormones such as P4, E2,
estrone (E1), immunoreactive pregnanediol glucoronide
(PdG), estradiol glucoronide (E2G) of female can be used
widely to monitor natural ovarian activity such as
functional luteal activity and follicular maturation and to
confirm pregnancy (Adachi et al. 2011; Kusuda et al. 2006,
2007a, b; Putranto 2011c; Putranto et al. 2007a, b, c).
In this study, domestication effort was represented by
keeping burgo chicken lived in a small postal cage with
adequate space to enable chickens move freely.
Furthermore, the conservation effort was represented by
supplementing burgo chicken with 4 different levels of

LESA to improve number of fertile eggs. The purpose of
this study was to identify the effect of LESA
supplementation on female burgo chicken’s serum
estradiol-17β hormone concentration profile and number of
follicles.

MATERIAL AND METHODS
Burgo chickens
Sixteen female burgo chickens age ranged between 10
to 12 months of age were used in this study. Suryana and
Hasbianto (2008) reported that generally Indonesia
indigenous chicken reaches sexual maturity at 8.5 months
of age. In addition, burgo chicken begins its reproduction
cycle earlier than other Indonesia indigenous chicken
species (Setianto et al. 2009). Moreover, it is reported that
burgo chicken reaches their sexual maturity at 4.5 months
of age. Based on those reports, we assumed that female
burgo chickens used in this study were sexually matured.
Procedures
This study was conducted at Commercial Zone and
Animal Laboratory, Department of Animal Science,
Faculty of Agriculture, University of Bengkulu, Indonesia
for 66 days of treatment (May to July 2010). Each female
burgo chicken was housed in an individual postal cage size
1.0 x 0.8 m2 facilitated with feeding and drinking tools.
Cage and tools were sprayed by desinfectan a week prior
the study. During the first 10 days, chickens were in their
adaptation period for the cage, tools and formulated
chicken feed.
Completely randomized design (CRD) was used as
research design with 4 treatments. There were 16 females
burgo chickens distributed into 4 treatments. The
treatments were:
H1 : female burgo chicken with no supplementation
as control group (0 g/chicken/day).
H2 : female burgo chicken supplemented LESA in
drinking water dosed 9 g/chicken/day.
H3 : female burgo chicken supplemented LESA in
drinking water dosed 18 g/chicken/day.
H4 : female burgo chicken supplemented LESA in
drinking water dosed 27 g/chicken/day.
Those LESA supplementation treatment was conducted
for 8 weeks. LESA supplementation dose was justified
from previous report (Santoso et al. 2005). Furthermore,
Santoso et al. (2005) reported that in broiler chicken, the
supplementation of 27 g LESA/kg ration resulted in an
increase of egg production.
Animal feed
Chickens were fed formulated chicken feed contains
16% crude protein (CR) and 2750 kcal/kg metabolic energy
(ME) with non-supplemented antibiotic (Santoso et al.
2005). Table 1 below is shown a basal feed animal
formulation. Animal feed and drinking water were given ad
libitum.
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Table 1. Basal feed animal formulation for chicken (kg/100 kg)
Diet materials

Volume (kg/100 kg)

Milled corn
50.0
Concentrate
24.0
Green bean
4.0
Soy bean
4.0
Peanut
6.0
Fish meal
7.0
Coconut oil
1.0
Bone meal
2.2
Calcium carbonate
1.0
Premix
0.5
Composition
CR (%)
16.5
ME (kcal/kg)
2752.0
Note: Modified from previous report (Santoso et al. 2005).

S. androgynus leaves extraction protocol and
supplementation method
Fresh S. androgynus leaves were obtained from some
traditional farms in Bengkulu Province. S. androgynus
leaves extraction protocol was modified based on previous
reports (Santoso et al. 2005). One kg of fresh S.
androgynus leaves and 6 l of water were boiled 60°C for 30
min, filtered and the dregs were boiled ones more time.
This extraction procedure was frequently repeated for 3
times. Then, the filtrates were warm-over 50°C for 48 h.
LESA was supplemented by mixed up a dose of extract
in 100 mL drinking water at 0700 h in the morning. When
morning drinking water was all consumed, another 100 mL
of fresh drinking water was added between 1300 h to 1500
h in the afternoon.
Hormonal analysis and follicles counting
The parameters measured in this study were the
concentration of serum estradiol-17β hormone (E2),
number of large follicle yield (LFY), number of medium
follicle yield (MFY) and number of small follicle yield
(SFY). The serum steroid hormones were determined by a
single radioimmunoassay (RIA) procedure conducted in
Kimia Farma Laboratory. In day 60, blood samples were
collected from female chickens of treatment group for E2
hormone measurement. At 0700 h in the morning, the
amount of 5 mL blood was taken from vena blood vessel
and directly transferred into a non EDTA tube, and than
kept in a cooler pot and sent to laboratory immediately.
The E2 anti-serum mainly cross-reacts with E2, estrone-3sulfate, 16-epiestriol, estrone and estriol at 100, 8.0, 5.3,
3.2 and 1.8 %, respectively.
In the end of study period, female chickens were
slaughtered and the ovary and connective tissue were
collected for LFY, MFY and SFY counts. The LFY or
tertiary follicles and de Graff follicles (preovulatory) size
varied between 5 to 8 mm or > 8 mm, MFY or secondary
follicles size varied between 1 to 5 mm, SFY or primary
follicles (primordial) sized < 1 mm (Johnson 1990; Zueni
2011). The counting method was by using a hand counter
and repeated 3 times for each female ovary.
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Data analysis
Total counted numbers of follicles were expressed as
follicles per chicken unit. All collected data was analysed
by using analysis of variance, any significant results would
be further tested by using Duncan Multiple Range Test
(DMRT).
RESULTS AND DISCUSSION
The diversity of phenotypic or genotypically exotic
native and wild chicken in Indonesia are varied and unique,
which makes a specific and most interesting reason for a
further investigation. Different to other exotic native
chickens in Indonesia, burgo chicken has received a less
attention because there was limited scientific information
on burgo chickens (Putranto 2011a, b; Putranto et al.
2010b). This report would be the first reproductive
physiology status of burgo chicken information.
This study is also perform a local wisdom treatment by
using an LESA or in Indonesia is well known as daun S.
androgynus. Indonesian are familiar with S. androgynus
leaves as one of nutritious vegetables included in their
daily meals. S. androgynus leaves is widely used for
antibacterial and antiprotozoa, and traditionally used as a
supplement for a precursor of milk initiation (Zueni 2011).
In general, S. androgynus leaves contains Fe, provitamin A
in β-caroten form, vitamin C and protein. Some previous
reports found that S. androgynus leaves contains 10.8%
water, 20.8% fat, 15% crude protein, 31.2% crude fiber and
10.2% BETN (Santoso et al. 1999), 12% water, 26.32% fat,
23.13% protein, 29.64% carbohidrate, 372.42 mg/100g βcaroten and 447.96 kcal in S. androgynus leaves powder,
75.28% water, 9.06% fat, 8.32% protein, 4.92%
carbohidrate, 165.05 mg/100g β-caroten and 134.10 kcal in
fresh S. androgynus leaves (Yuliani and Marwati 1997).
The most recent non-invasively method to access the
steroid hormones status of some mammals is by using fecal
or urine samples. However, for majority application, serum
steroid hormones still performs an accurate result for a
steroid hormone profile (Putranto et al. 2007a, b, c). In this
study, the collection of blood samples was at 0700 h in the
morning conducted by a well-trained technician.
The result showed that the supplementation of LESA
dosed 9 to 27 g/chickens/day had significantly affected the
serum E2 hormone concentration and number of follicles in
female burgo chickens (P < 0.05, Table 2). The result for
the average of E2 hormone concentration and the average
of number of female burgo follicles after 8 weeks
treatments are shown on Table 2.
Data on Table 2 is shown that female burgo chicken
with non-supplementation (control group) has the lowest
average of serum E2 hormone concentration (175.600
ng/mL) and burgo chicken supplemented by LESA dosed
18 g/chicken/day has resulted the highest average of serum
E2 hormone concentration (457.020 ng/mL). Furthermore,
female burgo chickens which were supplemented by
LESA, have a varied serum E2 hormone concentration
above 400 ng/mL or 3-times higher than non-supplemented
LESA which was ranged from 410 to 457 ng/mL (Figure 2).
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Table 2. The average of E2 hormone concentration and number
of female burgo follicles after 8 weeks treatment
Leaves extract S. androgynus (LESA)
treatments
H1
H2
H3
H4

Steroid hormone
E2 (ng/mL)
175.600a
410.455b
457.020b
442.640b
Follicles number
LFY1)
9.0a
2.0b
5.5ab
4.5ab
2)
b
ab
ab
MFY
4.0
6.0
8.0
12.0a
3)
b
b
a
SFY
77.0
73.5
107.5
83.5b
Note: H1: female burgo chicken with no supplementation as
control treatment, H2: female burgo chicken supplemented LESA
dose 9 g/chicken/day, H3: female burgo chicken supplemented
LESA dose 18 g/chicken/day, H4: female burgo chicken
supplemented LESA dose 27 g/chicken/day, 1): large follicle
yield, 2): medium follicle yield, 3): small follicle yield, a,b,ab:
superscribe with different letters in the same column indicate the
group mean is significantly different (P < 0.05).

H1

H2

442.640

200

457.020

300

410.455

400
175.600

Serum Estradiol-17β
Concentration (ng/ml)

500

H3

H4

100
0

Most of follicles development activities in aves are
conducted in inner cortex of ovary and it is different to
mammals (Jamieson 2007). The post primordial phase of
chicken follicles are easy to observe and distinguish from
stroma ovary tissue, a binded grapes-like. In this study, the
follicle counting was based on follicle size classification by
previous report (Johnson 1990). It is reported that a
classification of follicles sized less than 1 mm were
categorized as primary follicles (primordial), medium size
or secondary follicles size were ranged from 1 to 5 mm and
large size or tertiary follicles and de Graff follicles
(preovulatory) size were ranged from 5 to 8 mm or > 8 mm
(Zueni 2011).
The total number of small follicle yield (SFY) has been
more populated (86.5%) than medium (7.8%) and large
size follicle yield (5.3%, Table 2). Naturally, a sexually
matured kampung chicken has approximately 3000 to 4000
follicles in its ovary (Supriyatna 2009). However, total
number of follicles in this study was approximately only 5
to 10% of normal populated follicles in mature kampung
chicken. Many primary follicle (primordial) and post
ovulatory follicles in this study probably were in micro size
and unseen by an usual visual counting.
Another consideration is body size of the sub-species
chicken. Burgo chicken body size is smaller than kampung
chicken in common and bigger than the wild red forest
chicken (Setianto et al. 2009). Female body weight is
between 0.60 to 1.25 kg and 15 to 20 cm in height. With its
smaller size and compact body, it may cause the number of
follicles of burgo is less populated than a normal kampung
chicken as reported by Supriyatna (2009).

Figure 2. The effect of LESA on serum E2 hormone
concentration in female burgo after 8 weeks treatment.

The average concentration of E2 hormone of control
group was presummably low. It is because female burgo
chicken only synthesed steroid hormone by using their
natural cholesterol in cortex adrenal and liver (Zueni 2011).
In contrast, the average of female burgo E2 hormone
concentration with supplemented LESA was higher than
control. LESA supplementation may have involved in
increasing process of the concentration of serum E2
hormone in female burgo chickens (Zueni 2011). LESA
contains lipoprotein which is involved in estrogen steroid
hormone development.
The higher concentration of serum E2 hormone in this
study reflected that female burgo chicken produces more
estrogen steroid hormone not only by using their natural
cholesterol, however, the cholesterol from LESA with its
high lipoprotein and fatty contents might also affect ovary
to be more active and contribute a higher amount of
estrogen in serum. Ovary of aves species begins to develop
and cause secretion of steroid hormones such as estradiol
when the individual reached sexual maturity. Previous
report reported that the majority of estrogen are formed as
estrone, E2 and estradiol-17α (Sturkie 2000). Furthermore,
E2 hormone will increase as the follicles developed.

Small Follicle Yield (per chicken)

LESA Treatment
110
100
90
80
70
60
50
40
30
20
10
0
H1

H2

H3

H4

LESA Treatment

Figure 3. The effect of LESA on the number of small follicle size
in female burgo after 8 weeks treatment

Figure 3 (small follicles) and Figure 4 (large and
medium folicles) showed that LESA has affected the
average number of follicles in various sizes of female
burgo chicken. It seems that serum E2 hormone
concentration correlated to total number of preheararchal
follicles. As we can see that the higher concentration of
serum E2 hormone, the more total number of follicles
found. During vitelogenesis, the follicles development is a
chain process from fatty acid synthesis in liver and this
process is controlled by estradiol (Jamieson 2007). LESA
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with high content of lipoprotein and fat affected the
digestion of crude fatty inside the body, therefore fat
absorption, fat component and fat derivates such as
cholesterol, LDL, HDL and trygliseride are also
automatically changed. This situation is supported by
previous report; revealed that high protein level in diet
improved the follicle development and growth (Firdaus
2010).

Follicle Yield (per chicken)

18
16
14
12
10
8
6
4

LFY

2

MFY

0
H1

H2

H3

H4

LESA Treatment

Figure 4. The effect of LESA on the number of medium (MFY)
and large follicle (LFY) size in female burgo after 8 weeks
treatment

Data from Table 2 and Figure 4 also showed that for
largest size of follicles, the supplementation of LESA did
not significantly improved the number of follicles. In
preovulatory
phase
and
ovulation
phase,
the
supplementation of LESA might have blocked the follicle
development. S. androgynus leaves contains high level of
active compounds and crude fiber which are able to block
the cholesterol absorption. The blocked absorption affected
the estrogen synthesis in ovary and also disturb the follicle
development and growth from preheararchal follicle phase
(secondary and tertiary foolicles) to preovulatory and
ovulation follicle phase (de Graff follicle) (Sturkie 2000;
Zueni 2011).
This study described a conservation effort through a
combination of local wisdom utilization and reproduction
technology which will give a positive contribution to
increase a future population by improving the number and
quality of follicles of Bengkulu Province burgo chicken
sub-species. LESA supplementation treatment was
positively improved the serum E2 hormone concentration
and an increase in number of follicles which will improve
the egg production from a single female burgo chicken.
CONCLUSION
It can be concluded that LESA supplemented in
drinking water of female burgo chicken is an effort to
reveal the reproductive status of this exotic burgo chicken.
Supplementation of LESA has a positive impact to improve
the concentration of serum E2 steroid hormone level and
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mobilizing ovary to release more number of follicles in
preheararchal follicle phase (small and medium follicles) in
exotic female burgo chicken.
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ABSTRACT
Pourbabaei H, Haghgooy T. 2012. Plant species diversity in the ecological species groups in the Kandelat Forest Park, Guilan, North
of Iran. Biodiversitas 13: 7-12. Forest vegetation indicates conditions and productivity potential of forest habitat, because it reflects the
interaction of climate, soil and topography. The aim of this research was to study the relationship between vegetation and topography
factors. In order to do this research, type, number and percentage cover of trees, shrubs (sample plot with 1000 m2 area) and type and
percentage cover of herbaceous species (sample plot with 64 m2 area) investigated and recorded. The coverage percent of species were
estimated on the basis of Domin scale. Vegetation classified using Two-Way Indicator Species Analysis (TWINSPAN). The results
revealed that there were 6 ecosystem units (ecological groups) in the region. The comparison of diversity indices and topographic
factors between groups were performed with ANOVA test. Results also indicated that there were significant differences between groups
in terms of biodiversity indices and topographic factors. The formation of a particular group is affected by a combination of environment
variables. The aspect was the most important variable of topographic factors in this study.
Key words: ecological species groups, Guilan, Iran, Kandelat, plant species diversity, topography.

INTRODUCTION
World conservation strategy is objected to conserve
ecological processes and vital systems, to conserve genetic
diversity, and to sustainable use of species and ecosystems
(Sharifi and Ghafori 2008). Biodiversity conservation of
forests ecosystem is a strategic for sustainable forestry and
understanding the dynamics and heterogeneity of natural
forest (Spies and Barnes, 1985), because, more species
diversity in the region meaning is more structural
complexity, therefore these ecosystems have more ability
in response to changes and are more stable (Jenkins and
Parker 1998). More structural complexities of ecosystems
also means creating more apportunities for specialization of
different parts of biological community. Thus, more
functional relations are created in community (Sharifi and
Ghafori 2008). Biodiversity is composed of two components, quantitative component (i.e. abundance of species)
and qualitative component (i.e. number of species). The
interaction of plants with environmental factors is
determinig the distribution and species abundance (Hix and
Pearcy 1997). In other words, the investigate of speciesenvironment relationships is necessary to understand
vegetation patterns on forest landscapes (Host and
Pregitzer 1991). Bioindicators can be defined as species
whose presence or abundance readily reflect some measure
of the character of the habitat within which they are found
(Mc Geoch and Chown 1998). Besides its prime importance as a research tool in autoecology, the quantification
of species-environment relationships recently gained

importance as a tool to control the distribution of species
and communities, to test biogeographical hypotheses, or to
set up conservation priorities (Guisan and Zimmermann
2000). The primary aim of most studies is to acquire more
insights into the distribution of species along a gradient, to
determine which variable affects the presence or absence of
species could be improved (Austin 1991). Hence, applying
the ecological species group (comprised of co-occurring
species exhibiting similar environmental affinities) and
indicator species in each group, through measures such as
presence and absence or partial coverage of each group will
help to discern species-environment relationships (Barnes
et al. 1982). Also In phytosocioloical studies, the concept
of ecological species groups play an important role in
biological societies classification, determining changes in
vegetation, vegetation distribution and environmental
factors, estimating species niches, calibrating indicator
value for species, modeling potential distribution of species
and plant communities and to assessment habitat quality
(Pourbabaei et al. 2006). Physiographic factors, landscape
position, soil and vegetation considered important in
separatig ecological species groups of central Vermont
(Smith 1995). four community identified in coniferous
forest of Mediterranean in Greece. Elevation and land form
were important in separating these communities
(Bergmeier 2003). The study of plant communities of
Qilianshan Mountains in China in the gradient of different
heights and on the northern slope, 8 ecosystem units were
identified. Diversity and species richness at middle
elevations (1500-2800 m a.s.l.) was higher. Less rainfall in
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the lower altitudes and low temperatures at higher altitudes
were the factors that lead to decrease species diversity
(Wang et al. 2002). Comparing distribution of plant
ecological groups with topographical factors (i.e., slope,
aspect and elevation) in the beech forest of Siyahkle
revealed that there were significant relationship between
aspect and plant ecological groups distribution and in some
ecological groups with slope, while elevation had no
remarkable influence on plant ecological groups
distribution (Pourbabaei et al. 2006). Ecological groups
were classified in the Afratakhteh in Iran and were
investigated the relationship between species groups and
plant diversity indices. The results showed that ecological
groups were completely different in terms of vegetation,
biodiversity indices and physiographic variables such as
elevation, slope and aspect. The diversity and richness
decreased with increasing elevation and slope and difficult
life conditions (Ismail-Zadeh and Hosseini 2007).
Ecological species groups in the forests of eastern Noshahr
in Iran were determined and the slope percent was the most
important variable among physiographic factors (Taleshi
2004). Four ecosystem units were divided in Javanrud DehSorkhe of forest ecosystem, that effective separation factors
expressed slope percent and soil texture (Sohrabi 2005 ).
The objectives of this study were: (i) To determine
ecological species groups and their interrelations with
topographical factors. (ii) To investigate species diversity
indices between species groups. Accordingly, hypothesis
that: H0: There is no significant difference between species
groups in terms of topographical factors and species
diversity indices.
MATERIALS AND METHODS
Study area
The study area is located in the Guilan province of
northern Iran (Western hyrcanian). The entire Guilan forest
covers 550133.74 ha (36o 36' to 38o 27' N Latitude, 48o 31'
to 50o 30' E Longitude). This research was conducted in an

area of 614.85 ha at the elevation of 100-550 meters above
sea level (36o 58' 50" to 37o 1' 24" N Latitude, 49o 34' 15"
to 49o 37' 30" E Longitude) in Kandelat Forest Park.
Average annual precipitation is 950.2 mm and average
annual temperature is 16o C. The climate is very humid.
The parent materials are mainly calcareous. Also, the forest
types were known as the mixed deciduous broad-leaved
forests, it contains almost forest types: Parrotia persicaCarpinus betulus, pure type of Parrotia persica, Parrotia
persica- Carpinus betulus- Buxus hyrcana, Parrotia
persica- Quercus castaneifolia- Carpinus betulus and
Parrotia persica- Fagus orientalis- Carpinus betulus
(Forest and Rangelands Organization of Iran 2000).
Sampling methods
Firstly, status of the study area was identified and topographic map was prepared (scale 1:25000). Considering the
large area of the region (614.85 ha), to investigate
vegetation zone, was used stratified sampling to increase
the accuracy of sampling. If the studied characteristics, is
much variation between individuals, community can be
divided into groups that feature elements of each group is
less heterogeneity and is more heterogeneity between
groups, then to select samples in each group randomly.
Classification of community and sampled in each class will
lead to the easier implementation (Bihamta and Zare 2008).
In this study, classification criteria were slope, aspect,
elevation, and forest dominant types. Initially the maps
were prepared by slope (in classes of 0-30%, 30%-60% and
more than 60%), aspect (4 main aspects), elevation (in
classes of 100-250, 250-400 and 400-550 m a.s.l.) with the
dominant types (Parrotia persica- Carpinus betulus, pure
type of Parrotia persica, Parrotia persica- Carpinus
betulus- Buxus hyrcana) in GIS. These maps intergraded
by overlying method and the outcome was a composed
map along with 18 homogeous units. The fact that the units
were homogeneous in terms of slope, aspect, elevation and
vegetation type, Regardless of units area, were taken five
sampling plots (as 5 replicates) in each homogeneity unit
(Momeni et al. 2006). Totally, 73 sampling plots were
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randomly taken (except plots which were on the road,
facilities). Area of sampling plots in the tree and shrub
layers were considered 1000 m2. Size of sampling plots in
the herbal layers was determined using nested plot
sampling and species/area curve. In this study, regarding
that the minimal area was different in different
homogeneous units, hence, the largest minimal area for the
entire field (64 m2) was considered. Primarily,
characteristics of each sampling plot (i.e. elevation, aspect
and slope) were recorded. Then, types and numbers of trees
and shrubs species and type of herbal species were
identified. Also, coverage percent of species were
estimated on the basis of Domin scale.
Data analysis
At first, TWINSPAN analysis was carried out in order
to classify vegetation by using PC-ORD software (Me
Cune 1999). The main idea of TWINSPAN analysis is
based on primary phytosociology hypothesis that belives
each group of samples is distinguished by a group of
different species. These species are placed in bilateral table.
In this method, plots are compared based on presence or
absence of species and factor that called pseudo species
and plots which have more similarity, are grouped into one
group. Stopping point for the formation of groups was
considered the third level based on experience and the
highest similarity with the conditions of the study area (Mc
Nab et al. 1999). Groups names were considered based on
indicator species in each group. The Shannon-Wiene’s
diversity index (Pitkanen 1998), Pielou,s evenness index
(Peet 1974) and Margalef’s richness index was used in
order to study the plant species diversity in ecological
species groups (Ludwig and Reynolds 1988).

H'= Shannon-Wiener,s diversity index, Pi = relative
frequency of in species, R1 = Margalef,s richness, S =
number of species, J' = Pielou,s evenness, N= Total
individual of species.
Considering the data were normal, to study the diversity
indices and topographic factors between groups, ANOVA
test was used to evaluate overall differences in the different
classes. Considering the homogeneity of variance Duncan
test was used for comparing means. It should be mentioned
that the aspect quantitated by using Cos (45-A)+1. It’s
value varies between zero to 2. Zero represents the most
dry aspect and 2 represents the most wet aspect (Beers et
al. 1966).
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RESULTS AND DISCUSSION
Results
The results of the TWINSPAN analysis are summarized
in Fig 1. In the first level, 73 sampling plots were divided
into two groups (Eigenvalue = 0.3863). Groups which are
seen on the left side include: Parrotia persica and Rubus
hyrcanus. The indicator woody species on the right side is
Carpinus betulus. There isn’t any indicator herbal species
on the right side. In the second level, 31 sampling plots
were divided into two groups (Eigenvalue = 0.3154) which
indicator herbal species are Primula heterochroma and
Athyrium fillix-femina on the left side. There isn’t any
indicator woody species on the left side. Also, on the right
side there isn’t any indicator species. In this level, 42
sampling plots were divided into two groups (Eigenvalue =
0.3784) which indicator woody species is Parrotia persica
on the left side and indicators woody species which are
seen on the right side include: Fagus orientalis and Ruscus
hyrcanus. In the third level, 21 sampling plots were divided
into two groups (Eigenvalue =0.3607) which indicators
species on the left side are Inula vulgaris and Crataegus
microphylla and on the right side include: Pteris cretica.
Also , there isn’t any indicator woody species on the right
side. In this level, 29 sampling plots were divided into two
groups (Eigenvalue = 0.3156). Indicators woody species on
the left side are Quercus castaneifolia and Ruscus hyrcanus
and on the right side include: Diospyros lotus. Also, there
isn’t any indicator herbal species on the right side. The
classification was stopped at third level of division, leaving
only groups with a sufficient number of samples to
characterize the vegetation communities. Thus, 73
sampling plots were classified into six groups.
Species diversity between groups
ANOVA and Duncan's tests showed that there were
significant differences between groups in terms of
biodiversity indices (P<0.05). Figure 2 shows the changes
of Shannon-Wiener,s diversity index between ecological
groups. Maximum of Shannon-Wiener,s diversity index is
in group 1. While there was not any significant differences
between groups of 1, 2, 4 and 6 , there were statistically
significant differences between other groups. The lowest
value of Shannon-Wiener,s diversity index is in group 3.
Figure 3 shows the changes of Pielou,s evenness index
between ecological groups. Group 4 had the highest value
of Pielou,s evenness index. While there was not any
significant difference between 4 and 5 groups, however
there was significant difference between other groups. The
lowest value of Pielou,s evenness index was in group 3.
Figure 4 shows the changes of Margalef,s richness index
between groups. The highest value of Margalef,s richness
was in 2 group. Group 5 had the lowest value of Margalef,s
richness index. While there was not any significant
differences between groups of 5, 3 and 6 and also, between
groups of 1 and 4, there were statistically significant
differences between other groups. ANOVA results of
diversity indices between groups and mean and standard
error of diversity indices were listed in Table 1.
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Figure 1. Classification of ecological species groups by using TWINSPAN analysis
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Topographic factors between groups
ANOVA and Duncan's tests showed that there are
significant differences between groups in terms of
topographic factors. The results showed that elevation in
the group 6 is significantly higher than other groups.
While there was not any significant difference between
4 and 5 groups, and also 1, 2 and 3 groups, there were
statistically significant differences between other groups
(Figure 5). There were not any significant differences
between groups in terms of slope. Group 3 had the highest
amount of quantitated aspect. In other words, group 3 is
located in the more humid aspects, and also had statistically
significant difference with the other groups (Figure 6).
ANOVA results of topographic variables between groups

and mean and standard error of topographic factors were
listed in Table 1.
Table 1. ANOVA results of diversity indices and topographic
variables between groups and mean and standard error of
diversity indices and physiographic variables in the study area
Indices and
Mean
Mean and
F
P
df
variables
square
standard error
H'
4.261 0.002* 0.110
5 1.468±0.058
J'
4.759 0.001* 0.082
5 0.642±0.017
R1
3.079 0.015* 0.556
5 0.844±0.053
Elevation
13.624 0.000* 81065.14 5 294.2±12.36
Slope
1.708 0.145ns 580.633
5 38.57±2.21
Aspect
2.635 0.031* 1.188
5 1.07±0.083
Note: * Significant at 5 percent level; ns; no significant
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Discussion
The aim of this research was to investigate diversity
indices and topographic factors between ecological groups.
The results of ANOVA and Duncan's tests showed that
there were significant differences between groups in terms
of biodiversity indices and topographic factors. Thus, null
hypothesis was rejected and alternative hypothesis was
accepted. The analyses done in relation to topographic
factors and their relationships with ecological groups can
be concluded that the aspect was the important variable
among topographic factors in this study. Tsuyuzaki and
Takhashi (2007) stated that topography and it,s relationship
with environmental factors such as light and soil moisture
is the most important factor in determining the structure of
plant communities and also, is a necessary condition for
maintaining high diversity of rare species in degraded areas
of Hokkaido in Japan. Also, the topographic factors were
introduced as an important factors in distribution of alpine
vegetation in the mountains of New Zealand (Mark et al.
2000).
Group 1, with indicator herbal species of Primula
heterochroma and Athyrium fillix-femina, had the highest
species diversity. In this group no indicator woody species
existed. Probably, the low frequency of tree species in the
lower elevations, due to proximity with the village and
uncontrolled cutting of trees and thus opening the canopy,
has led to increase diversity in the flora of the forest floor.
Also, Kashian et al. (2003) identified species groups in
forests of the Northwestern Michigan and expressed the
absence of trees as indicator species in the groups located
in the northern aspects (where most of the groups were
present) due to the low number of tree species.
Group 2, with the indicator woody species of Crataegus
microphylla and herbal species of Inula vulgaris, had the
highest species richness between the groups. This group
had the highest species richness in the least humid aspects
(probably, southern or western aspects). Perhaps the reason
is the higher temperature and lower cover percentage of
tree species and thus increase the light in forest floor.
Perring (1959) stated the aspect is the important variable
among physiographic factors to determine species status in
Chalk grassland. He expressed that the moisture in the
southern slopes was 10 to 20 percent less than northern
slopes in the region and thus species diversity was higher in
less moisture.
Groups 3, with indicator herbal species of Pteris
cretica, is located in areas with high humidity and showed
the lowest diversity and evenness. The high percentage of
ferns presence indicates the good condition and high
moisture (Atashgahi et al. 2009; Razavi 2008). In the study
area, this group is located in the most humid aspects. In
addition, in this group also aspect was effective than other
physiographical factors. While this group is located in
lower slope and elevation, and had the lowest biodiversity.
Group 4, with indicator woody species of Quercus
castaneifolia, is representing high species diversity and
favorable edaphic conditions. Quercus castaneifolia as
indicator species of this group is seen often on calcareous,
deep and rich soils. Also, it is present on calcareous of
parent materials. In the study area, this ecological group is
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observed in the middle elevations (333.36 m a.s.l.) and
aspects of less moisture content and moderate slope (38.2
percent). Gorjy bahri (1989), while studying of the growth
demands of Quercus castaneifolia in Noshahr forests,
expressed that distribution of Quercus castaneifolia follows
from the nature of light and generally is present in aspects
with high light (South, Southwest and West). Also, this tree
species was observed at middle elevations and low to
moderate slopes. Because the growth conditions in low
slopes and high light is better than the ridge. Baruch (2005)
was considered important effect of elevation and
physiographic changes in the ecological species groups of
oak forests. In addition the presence of Ruscus hyrcanus as
indicator shrub species is representing favorable of habitat
conditions. Ruscus hyrcanus indicates habitat that the
chemical characteristics of soil (C, N, P, ph and T.N.V) are
higher than other habitats (Mataji and Zahedi, 2006).
According to studies, high biodiversity of this group is due
to it’s favorable conditions of habitat.
Group 5, with indicator woody species of Diospyros
lotus, is representing area of high slope and lower moisture.
The lowest species richness was observed in this group,
While the evenness of the group 5, was higher of 1, 2, 3
and 6 groups and had significant differences statistically.
Therefore it is concluded that evenness had more influence
in increasing the diversity of group 5. Zahedi and
Mohammadi (2002), while studying of species groups of
Neka forest of Iran, expressed that significant differences
between ecological groups and geographical aspects had
existed, and group of Diospyros lotus often was present on
the edges and ridges. Diospyros lotus is due to its
ecological demand and wide range of tolerance of habitat
conditions, in small groups with time and place order as an
immature system to play an important role in achieveing to
mature and stable community and the rehabilitation of
degradation forest ecosystems, in north of Iran.
Group 6, with indicator woody species of Fagus
orientalis and Ruscus hyrcanus, is representing high
species diversity and was located at high elevations (411.8
m a.s.l.), moderate slope (38.5%) and slopes with less
moisture. Matajy and Babaei (2006) stated this community
were often observed on moderate slopes (15%-30%), the
drier slopes (south-west, west and south) and elevations
from 800 to 1600 m a.s.l. studied communities in the
limestone plains of north-eastern France, were located at an
elevation between 300 to 400 m and moderate slopes of
25% to 30%, on the calcareous soils and hot and dry
habitats (Habibi 1992). In the Khyroud Kenar of Noshahr
area of Iran, Fagus orientalis and Ruscus hyrcanus were
observed in different physiographic and edaphic
conditions, that is indicating the effect of a series of habitat
factors in establishing the plant community and the
community was able to tolerate a range of changes of
edaphic conditions (Matajy et al. 2007). Abella and
Shelburne (2004) stated that formation of a particular group
is affected by a combination of environment variables that
also have interaction in creating the environmental
conditions are favorable for the establishment of the
groups. Kashian et al. (2003) had stressed that species
groups developed on a study area should not be
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extrapolated for geographically because of variations in
species-site relationships within a region. Pregitzer and
Barnes (1982) expressed that codified and focused study on
species groups of remaining in the process of succession in
older forests are the involved factor in maintaining the
species composition and told that regardless has been given
to how the environmental relationships and species
composition in ancient forests in the presence and absence
of species is effective. Picard and France (2003) expressed
that use of ecological groups in modeling forest dynamics
is more desirable than using of specie separately.
CONCLUSION
In the study area, is also essential to implement shortterm planning with regarding to general changes of
ecological conditions and social - economic which are
resulted of excessive use of local farmers, lopping of trees
and and grazing. Also, it is recommended helping to
natural regeneration, restoration and enrichment of the
forest ecosystem through surface scratches and seeding.
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ABSTRACT
Suhartoyo H, Munawar A, Wiryono. 2012. Returning biodiversity of rehabilitated forest on a coal mined site at Tanjung Enim, South
Sumatra. Biodiversitas 13: 13-17. Restoring disturbed mined land is challenging since the outcomes of various rehabilitation procedures
on mined sites in terms of vegetation structure, composition and ecological function are not presently understood, especially in the
developing countries. This study examined the mechanism of biodiversity recruitment, especially on structural attributes of an
undisturbed forest community and rehabilitated forests of different ages on sites disturbed by coal-mining operations at Tanjung Enim,
South Sumatra. Un-mined forest was characterised by complex structural features including a dense stand of trees in a range of size
classes, an almost closed canopy, and a shrubby understorey. In contrast, young mined sites were characterised by a low density of
woody stems, a relatively open canopy and herbaceous ground cover. Soil characteristics of rehabilitated site were progressing towards
the reference site. The marked differences in structural complexity between unmined and mined sites suggest that it will will take very
long time for the mined sites to recover into their original conditions. So, more restoration intervention will be needed to speed the
recovery processes.
Key words: restoration, mining, biodiversity, structural complexity.

INTRODUCTION
Rehabilitation of disturbed areas due to mining
activities is intended to assist the environment in returning
to a stable and sustainable land use as soon as possible
(Bell 1996; Parker 1997). The nature of the post-mining
land use will depend on a number of factors including the
ecological potential of the mined environment and the
wishes of the neighbouring society. Currently, in Australia,
many mining operations are using native plant species in
rehabilitation programs leading to the establishment of
pastures and forests (Bell 1996; Bell 2001; Gardner 2001),
however in Indonesia, mining operators are mostly using
fast growing exotic species in their rehabilitation
(Suhartoyo 2008), as in many other countries al around the
world (Martínez-Ruiz et al. 2007; Alday et al. 2010).
As more mine operators need to establish their post
mining plan for sustainable development of mine lease, the
question on how ecosystem develop and whether the
rehabilitated site progresses toward surrounding
undisturbed site become important to regulator and miners.
Designing rehabilitation with a specific end point has to be
put into a general ecological context (Bradshaw 1995).
Assessing the development of an ecosystem along a
successionally gradient provides information on the
trajectory of rehabilitated areas toward the desired end
point (Morgan and Short 2002; Prach and Walker 2011;
Alday et al. 2011a). Progress along the trajectory can be

assessed through ecosystem characteristics such as species
richness and the ability to undergo natural development and
change in both structure and the functioning of the
ecosystem (Bradshaw 1995).
Restoring mined areas to their original ecosystem is not
easy because in many cases mining creates a new
environment that may not reproduce the same features or
function as the pre-mining conditions (Dragovich and
Patterson 1995; Court, et al 1996; Alday et al. 2011b). At
Myall Lakes National Park, Australia, Buckney and
Morrison (1992) found clear differences in species
composition along a temporal gradient between recently
disturbed areas and pre-mining sand dune locations.
In this paper, we examined the species composition and
structural attributes of rehabilitated coal mined sites. The
study was part of broader research project quantifying
ecosystem development of forested area at Tanjung Enim,
South Sumatra. Hypothesis of this research was that
ecosystem development, in term of species composition,
structural attributes and soil characteristics, would progress
toward their original ecosystem as indicated by similarity
with neighbouring forest as a reference site. We were
interested in structural attributes, partly because the
structural complexity of a rehabilitated forest contributes to
the availability of resources for wildlife and because the
enhancement of ecological processes will follow the
establishment of vegetation (Young 2000; Ruiz-Jaen and
Aide 2005).
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MATERIALS AND METHODS
Study area
The study was conducted within some rehabilitated coal
mined sites and undamaged site of PT. Bukit Asam, (30 40’
-30 45’ S dan 1030 40’-1030 48’ E), located 13 km south of
Muara Enim, South Sumatra (Figure 1). The region has a
humid tropical climate. Mean annual rainfall is 3100 mm
with only two months of dry season (rainfall < 100
mm/month).
Sampling sites Selection
We sampled the possible sequence of ecosystem
development with different stand ages of mined areas
(chronosequence approach) and adjacent undamaged forest.
Stands selection
We selected 3 mined sites varying in age of vegetation
and secondary forest nearby as a reference site. Most
restoration efforts need to specify a reference ecosystem
toward which restorations are directed. Nearby forest is the
most practical reference site because no virgin forest is
found nearby (SER 2004). The ages of rehabilitation
ranged from 1 to 17 years, however, rehabilitation
techniques varied from time to time as rehabilitation
knowledge and regulation were developed, so that there
was no common initial condition or management regime
for all of the sites. However, after establishment of planted
vegetation, succession is assumed to occur and all sites will
move toward their original conditions. Sites in un-mined
secondary forest were used to compare the effects of forest
rehabilitation on coal mined areas and to evaluate whether
rehabilitated mined sites move toward the natural
conditions.

Figure 1. Study site at Tanjung Enim, Muara Enim, South Sumatra

Table 1. Some characteristic of Sites selected for this study at the
PT. Bukit Asam
Sites
Site 1
Site 2
Site 3
Site 4

Plot area
(m2)
4 year-old rehabilitated stand, dominated 0.8 ha
by Acacia mangium
6 year-old rehabilitated stand, dominated 0.8 ha
by Acacia mangium
16 year-old rehabilitated stand, dominated 0.8 ha
by Acacia auriculiformis
Secondary forest, dominated by local 1 ha
Laban (Vitex pinnata) and Serut species
Stand age and planted species

Vegetation and soil sampling
Vegetation sampling was carried out on two 100m x 20
m transects per site (Table 2). We measured a range of
vegetation composition and structural attributes at each site
including canopy cover, the basal area and abundance of
woody stems in a range of height and diameter categories,
understorey and ground cover.
Table 2. Vegetation structural attributes recorded per transect.
Species
richness
Basal area
(m2/ha)
Canopy cover
(%)
Shrub cover
(index)
Ground cover
(%)

Plot area
(m2)
All trees and sapling above 1 cm DBH 20x20
by species
Visual estimate of foliage projective
20x20
cover of vegetation >2m above ground
Frequency of woody vegetation, inclu- 5x5
ding seedlings, with stem <2.5 cm DBH
Percent cover of herbs, by species
5 of 1x1
Methodology
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Data analysis
The data collected are presented in two ways: first, a
descriptive approach, and second, a quantitative approach
on important value and species diversity.
H = – Σ {(n.i/N) log(n.i/N)}
H
n.i
N

= Shannon-Wiener index of general diversity
= importance value of each species
= total importance value
RESULTS AND DISCUSSION

Species composition
Species composition of ground cover changed over
time. The youngest site had the highest species richness,
while the secondary forest had the lowest richness (Table
3). Most groundcover species are pioneer species requiring
open space. As the forest canopy closes in secondary
forest, the species richness of ground cover decreases.
Schleria purpurascens was present in all sites. Axonophus
was present in all mined sites, but absent in secondary
forest. Axonophus is a mat forming grass.
Species richness of trees in mined sites was very low.
Most of the trees found in mined sites were artificially
planted. Only two species of trees grew naturally in mined
sites, namely Mallotus paniculatus and Hibiscus tiliaceous.
The species composition of mined sites was quite different
from that of secondary forest. It was clear that natural
succession progressed slowly in these sites. Poor soil
condition is presumably responsible for this slow progress.
Table 3. Change in groundcover composition over years.

Species
Axonopus compressus
Paspalum scorbiculatum
Mimosa pudica
Eupatorium odoratum
Purpurea javanica
Scleria purpurascens
Ruellia tuberose
Mikania cordata
Cyperus sp.
Imperata cylindrica
Ottocloa nodosa
Tetracera indica
Eleuthera ruderalis
Ardisia humilis
Digitaria sp.

4
year
old
85.62
30.76
21.99
10.87
9.03
8.77
8.24
8.24
8.24
8.24

Important values
6
16
Secondary
year
year
forest
old
old
19.96 31.66
57.56

47.09

29.26
21.32

8.72
22.95

22.92

13.44

19.79

16.65
16.59
81.27
8.72

Table 4. Species composition of trees.
Species
Acacia mangium
Acacia auriculiformis
Melaleuca cajuputi
Casia siamea
Hibiscus tiliaceus
Paraserientes falcataria
Mallotus paniculatus
Vitex pinnata
Schima wallichii
Dillenia pentagyna
Peronema canescen
Blechnum orientale
Arthocarpus elasticus
Arthophyllum sp.
Aporosa octandra
Syzyghyum sp.
Alstonia scolaris
Pithecellobium jiringa
Cratoxylum glaucum
Macaranga trichocarpa
Neonauclea calycina

Important values
6 year 16 year Secondary
old
old
forest
178
72
88
195
5.23
33
6.95
84.41
8.88
42.77
35.49
25.91
19.80
9.17
8.75
8.14
7.85
7.40
6.82
6.33
5.82
5.48
4.81

16
14

Structural attributes of unmined and rehabilitation stands
The structure of the woody vegetation varied markedly
between the different sites (Figures 3). Young
rehabilitation sites invariably had smaller trees than the
older site and unmined forest.
In general, the basal area of woody stems increased with
the density of planted stems and the age of rehabilitation.
Medium and large diameter trees were well presented in
mature rehabilitation and reference site. The basal areas of
mature rehabilitated stand approached above that of the
unmined forest (Figure 4).
The diameter distribution and basal area among sites
showed that as the age of rehabilitated sites increased, their
structural attribute moved closer toward that secondary
forest. Mature, intact un-mined forest was characterised by
complex structural features including a closed canopy, a
high density of woody stems spanning a range of height
and diameter classes, a shrubby understorey, and a welldeveloped layer of leaf litter and woody debris. Although
the majority of woody stems were small diameter trees, the
obvious feature of intact un-mined forest is the presence of
relatively big diameter.

S1

137.50
19.79

4 year
old
139
119
10
21
11

Number of trees/ha

Within each of the five 20x20m plots in each transect,
five soil samples were taken to 5 cm depth, and bulked for
further analysis. Soil samples were analysed at Soil
Laboratory, University of Bengkulu for pH (1: 5 water),
total and extractable phosphorus, potassium, total organic
carbon, total nitrogen, and cation exchange capacity (CEC)
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S2

S3

S4

Figure 3. Diameter distribution of rehabilitated stands. (S1 = 4
yrs, S2 = 6 yrs, S3 = 16 yrs and S4 = reference)
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Soil pH

16

S1
S2

S3

S2

Total C (%)

Site

S4

Figure 4. Basal area (m2/ha) of acacia stands. (S1 = 4 yrs, S2 = 6
yrs, S3 = 16 yrs and S4 = reference)

Functional attributes of rehabilitated mined sites
Ecosystem functional attribute can be approached by its
diversity and its nutrient cycling which can be assessed by
its soil chemical properties. The Shannon-Wiener diversity
index (Table 5) showed an increasing trend in tree diversity
and in the contrary within ground species diversity.
Table 5. Shannon Diversity Index of tree and ground species.
Site
4 year-old
6 year-old
16 year-old
Secondary forest

S4

S4

Site

S1

S3

Shannon Diversity Index
Tree species
Ground species
0.496
0.81
0.397
0.74
0.404
0.77
1.050
0.42

Table 5 showed that, in term of tree species diversity,
all rehabilitated sites represented in low diversity. Stand
maturity (i.e. increasing age) showed no correlation with
species diversity. Whereas, within ground species a
decreasing trend appeared as the rehabilitation ages
increased. It can be inferred that returning tree species from
natural sources is still somewhat difficult in post mining
areas. However, vegetation indicator is still valuable and a
common measure to evaluate the restoration of an
ecosystem after mining (Ruiz-Jaen and Aide 2005; Zedler
and Callaway 1999).
The soil properties as an indicator of sustainable
ecosystem can be summarized as follow (see Figure 5). The
soil pH was relatively low; however the reference site in
the Tanjung Enim area showed pH of four to five, meaning
that the area is somewhat covered by acidic soil. Total
Carbon of mature rehabilitated soil was progressing and
approaching that of reference site, whereas total Nitrogen
was well above the reference site.

S1

S2

S3

S4

S1

S2

S3

S4

Total N (%)

S1

S2

Site

Figure 5. Soil pH, total carbon and total nitrogen of different
acacia stands. (S1 = 4 yrs, S2 = 6 yrs, S3 = 16 yrs and S4 =
reference)

Ecosystem development of rehabilitated mined sites, in
terms of soil properties, is difficult to demonstrate from this
study even though a trend can be inferred from graphs
(Figure 5). Differences in initial conditions among sites
before rehabilitation may contribute to this unclear trend.
The unmined forest is associated with higher values of
Nitrogen, Potassium and pH. The present results suggest
that different soil nutrients increase with different
successional pathways in the rehabilitated mined sites,
although this conclusion needs to be demonstrated
experimentally. Most ecological processes, including
nutrient pools are not evaluated as frequently as measure of
diversity or vegetation structure because of slow processes
(Ruiz-Jaen and Aide 2005: Morgan and Short 2002).
CONCLUSION
The development of structural and functional attributes
of rehabilitated forest on mined site at Tanjung Enim was
more advanced in the older/mature rehabilitated sites.
However, the diversity of older rehabilitated site was still
low and it is evident that structurally complex forest cannot
be restored in a short time-frame (one or two decades). The
vertical distribution of vegetation became more extensive
and complex as the rehabilitation aged, although the
rehabilitated sites had not equalled the complexity of the
unmined native forest. In short, returning biodiversity in
mined site is very difficult without any assistance from
management. The present results suggest the need for
further research on the resilience of rehabilitated mined sites.

SUHARTOYO et al. – Coal mine rehabilitation of Bukit Asam, Sumatra

ACKNOWLEDGEMENTS
This study was funded through the Directorate General
Higher Education (DGHE), Ministry of National Education
Competitive Grant, Republic of Indonesia. A special thank
to Danang and Amrirozi of PT. Bukit Asam, South
Sumatera for support and guidance throughout the project.
REFERENCES
Alday JG, Marrs RH, Martínez-Ruiz C. 2010. The importance of
topography and climate on short-term revegetation of coal wastes in
Spain. Ecol Engin 36: 579-585.
Alday JG, Marrs RH, Martínez-Ruiz C. 2011a. Vegetation convergence
during early succession on coal wastes: a 6-year permanent plot
study. J Veg Sci. 6: 1072-1083.
Alday JG, Pallavicini Y, Marrs RH, Martínez-Ruiz C. 2011b. Functional
groups and dispersal strategies as guides for predicting vegetation
dynamics on reclaimed mines. Plant Ecol. 212: 1759-1775.
Aronson J, Le Floc’h E. 1996. Vital attributes: missing tools for
restoration ecology. Restor Ecol. 4: 377-387.
Bell LC. 1996. Rehabilitation of disturbed land. In: Mulligan D (ed)
Environmental Management in The Australian Mineral and Energy
Industries: Principle and Practices.. University of New South Wales
Press, Sydney, Australia.
Bell LC. 2001. Establishment of native ecosystems after mining –
Australian experience across diverse biogeographic zones. Ecol
Engineer 17: 179-186.
Bradshaw AD. 1995. Alternative endpoints for reclamation. In: Cairns J
(ed) Rehabilitating damaged ecosystems. 2nd edition. CRC Press Inc.
Florida
Brennan KEC. 2003. The successional response of spider communities
following the multiple disturbances of mining and burning in Western
Australian Jarrah forest. Aust J Entomol 42: 379-381.
Buckney RT, Morrison DA. 1992. Temporal trend in plant species
composition on mined sand dunes in Myall Lakes National Park,
Australia. Austral Ecol 17: 241-254.
Choi YD. 2004. Theories for ecological restoration in changing
environment: Toward ‘futuristic’ restoration. Ecol Res 19: 75-81.
Court J, Wright C, Guthrie A. 1996. Environmental assessment and
sustainability: Are we ready for the challenge? Aust J Environ Manag
3: 42-57.

17

Dragovich D, Patterson J. 1995. Condition of rehabilitated coal mines in
the Hunter Valley, Australia. Land Degrad Rehab 6: 29-39.
Environment Protection Agency. 1995. Rehabilitation and Revegetation.
A Series in: Best Practice Environmental Management in Mining,,
Canberra.
Fox JB, Fox MD, Taylor JE, Jackson GP, Simpson J, Higgs P, Rebec L,
Avery R. 1996. Comparison of regeneration following burning,
clearing or sand mining at Tomago NSW: I. Structure and growth of
vegetation. Aust J Ecol 21: 184-199.
Gardner J. 2001. Rehabilitating mines to meet land use objectives: bauxite
mining in the Jarrah forest of Western Australia. Unasylva. 52: 3-8.
Hobbs RJ, Norton DA. 1996. Towards a conceptual framework for
restoration ecology. Restor Ecol 4: 93-110.
Kanowski J, Catterall CP, Wardell-Johnson GW, Proctor H, Reis T. 2003.
Development of forest structure on cleared rainforest land in eastern
Australia under different styles of reforestation. For Ecol Manag 183:
265-280.
Martínez-Ruiz C, Fernández-Santos B, Fernández-Gómez MJ, Putwain
PD. 2007. Natural and man-induced revegetation on mining wastes:
changes in the floristic composition at early succession. Ecol Engin
30(3): 286-294.
Milder AI, Fernández-Santos B; Martínez-Ruiz C. 2011. Colonization
patterns of woody species on lands mined for coal in spain:
preliminary insights for forest expansion. Land Degrad Dev. Online
24 Feb 2011 DOI: 10.1002/ldr.1101.
Morgan PA, Short FT. 2002. Using functional trajectories to track
constructed salt marsh development in the Great Bay estuary,
Maine/New Hampshire, USA. Restor Ecol 10: 461-473.
Parker VT. 1997. The scale of successional models and restoration
objectives. Restor Ecol 5: 301-306.
Rayment GE, Higginson FR. 1992. The Australian Handbook of soil and
water chemical methods. Inkata Press, Melbourne.
Ruiz-Jaen MC, Aide TM. 2005. Restoration success: how is being
measured? Restor Ecol 13: 569-577.
Suhartoyo H. 2008. Rehabilitation technology of mined land: Case PT.
Bukit Sunur Bengkulu. Mined Land Rehabilitation Seminar, Bandung
1-2 July 2008.
SER (Society for Ecological Restoration) International Science & Policy
Working Group. 2004. The SER International Primer on Ecological
Restoration (http//www.ser.org) accessed in October 2005.
Young TP. 2000. Restoration ecology and conservation biology. Biol
Conserv 92: 73-83.
Zedler JB, Callaway JC. 1999. Tracking wetland restoration: do
mitigation sites follow desired trajectories? Restor Ecol 7: 69-73.

B I O D I V E R S IT A S
Volume 13, Number 1, January 2012
Pages: 18-22

ISSN: 1412-033X
E-ISSN: 2085-4722

Predictive model of Amorphophallus muelleri growth in some
agroforestry in East Java by multiple regression analysis
BUDIMAN, ENDANG ARISOESILANINGSIH

Department of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang 65145, East Java, Indonesia. Tel. & Fax.: +62341-575841. e-mail: budiman071287@gmail.com
Manuscript received: 10 December 2010. Revision accepted: 3 October 2011.

ABSTRACT
Budiman, Arisoesilaningsih E. 2012. Predictive model of Amorphophallus muelleri growth in some agroforestry in East Java by
multiple regression analysis. Biodiversitas 13: 18-22. The aims of this research was to determine the multiple regression models of
vegetative and corm growth of Amorphophallus muelleri Blume in some age variations and habitat conditions of agroforestry in East
Java. Descriptive exploratory research method was conducted by systematic random sampling at five agroforestries on four plantations
in East Java: Saradan, Bojonegoro, Nganjuk and Blitar. In each agroforestry, we observed A. muelleri vegetative and corm growth on
four growing age (1, 2, 3 and 4 years old respectively) as well as environmental variables such as altitude, vegetation, climate and soil
conditions. Data were analyzed using descriptive statistics to compare A. muelleri habitat in five agroforestries. Meanwhile, the
influence and contribution of each environmental variable to the growth of A. muelleri vegetative and corm were determined using
multiple regression analysis of SPSS 17.0. The multiple regression models of A. muelleri vegetative and corm growth were generated
based on some characteristics of agroforestries and age showed high validity with R2 = 88-99%. Regression model showed that age,
monthly temperatures, percentage of radiation and soil calcium (Ca) content either simultaneously or partially determined the growth of
A. muelleri vegetative and corm. Based on these models, the A. muelleri corm reached the optimal growth after four years of cultivation
and they will be ready to be harvested. Additionally, the soil Ca content should reach 25.3 me.hg-1 as Sugihwaras agroforestry, with the
maximal radiation of 60%.
Key words: prediction, A. muelleri growth, agroforestry, regression model.

INTRODUCTION
Amorphophallus muelleri Blume, syn. A. blumei (Schott)
Engler; syn. A. oncophyllus Prain; syn. A. burmanicus
Hook.f. is a tropical native corm plants are included in the
family of Araceae (Jansen et al. 1996; KPH Perhutani
Saradan 2007). This perenial herbs have corm which can
produce flour with high glucomannan level (until 75%),
much higher than in the commonly grown species such as
A. konjac and A. bulbifer. The maximum viscosity could be
over 40000 mPa with good transparency of the colloid
solution from glucomannan extracted (Donghua and
Qingping 2010). The A. muelleri flour can be modified into
various processed food products such as meatballs, chips,
cookies, noodles (shirataki), rangginang and tofu
(konyaku). Moreover, A. muelleri corms also can be used
in cosmetics, textiles and pharmaceuticals (Prihatyanto
2007; Bayu 2008a).
Due to the high economic potency of A. muelleri corms,
many people started to cultivate it. A. muelleri cultivation
is conducted in a simple agroforestry systems, as secondary
crops under the teak, mahogany or sonokeling plantation in
Perhutani Agency land (Perhutani Agency of East Java
2008). The conditions of agroforestry are suitable for A.
muelleri growth that have well-developed under the
auspices of 50-60% (Jansen et al. 1996). Currently, the
total area of A. muelleri cultivation in East Java exceed

1605.3 hectares and is spreading across Kesatuan
Pemangkuan Hutan or Forest Management District
(KPH/FMD), covering KPH North Banyuwangi, Blitar,
Bojonegoro, Jember, Nganjuk, Madiun, Padangan,
Purwodadi and Saradan (Perhutani Agency of East Java
2008). In each hectare area, at least four tons of wet corms
per year are produced and in an intensive cultivation, A.
muelleri corm production reach 8-9 tons (Suryadi 2008)
and even 12 tons of wet corm or 1.5 tons of dry corm per
year (Prihatyanto 2007).
Nevertheless, the production of A. muelleri corm still
has not met with the standards of local and international
market yet (Japan, China, Taiwan, Korea, Europe and
Canada), which exceeds 9,000 tons of wet corm and 1,000
tons of dry corm slices per year. It is caused by A. muelleri
cultivation system applied produces inconsistency corm
sizes, which still found a corm's weight less than 1 kg and
sometimes in a hectare of cultivation area only produces 4
tons of wet corms (Bayu 2008a, b ; Suryadi 2008).
Fluctuation of A. muelleri corm production is closely
linked with genetic variations and environmental
conditions where A. muelleri grown. Based on DNA
sequence analysis, it is known that A. muelleri in KPH
Saradan, Bojonegoro, Blitar and Nganjuk have low genetic
variations (Indriyani S, personal communications 2009). It
is caused by the culture of A. muelleri have done
vegetatively, using corm and bulbil. Additionally, A.

BUDIMAN & ARISOESILANINGSIH – Predicting model of Amorphophallus muelleri growth

muelleri grown in East Java, mostly from the same seeds,
from Klangon cultivation (Arisoesilaningsih et al. 2010).
Meanwhile, the location of each A. muelleri plantation unit
(KPH) in East Java have the altitudes, climates, soil and
vegetation is different and is predicted to interfere A.
muelleri growth (Budiman et al. 2010). In addition, the age
factor has affected A. muelleri growth as well. Therefore,
this study is required to clarify the influence and
contribution of environmental factors and age on A.
muelleri growth in cultivation system.
The influence and contribution of environmental factors
and age on A. muelleri growth can be identified by a
regression model. This model is used to describe the
pattern of relationships between a response variable with
some predictor variables (Hair et al. 1998). Additionally,
this model also predicts the value of one variable related to
other variables, identified through a linear regression
equation (Hasan 2008) so it can be used for optimization.
Accordingly, this research aims to design multiple
regression model of A. muelleri growth which can be used
as a predictor in determining the key variables affecting the
A. muelleri corm productivity in a cultivation system.
MATERIALS AND METHODS
Descriptive exploratory research method was conducted
using systematic random sampling. Sampling of A.
muelleri and soil was performed in March until May 2009
at five A. muelleri agroforestries in East Java, which were
Klangon Village (KPH Madiun), Bendoasri and
Sugihwaras Village (KPH Nganjuk), Kalirejo Village
(KPH Blitar) and Klino Village (KPH Bojonegoro).
In each agroforestry, we observed A. muelleri growth at
the age of 1, 2, 3 and 4 years old respectively in opened
and shaded areas in triplicates. A. muelleri age determined
based on the patterns of petiole branching, namely: (i) at
one year, has one base of branching, (ii) at two years, has
four bases of branching; (iii) at three years, has ten bases of
branching and (iv) at four years, has 22 bases of branching.
A. muelleri age was determined as described by Sumarwoto
(2005), namely: (i) at one year, has 20-50 cm of petiole
height and 50-200 g of corm weight, (ii) at two years, has
40-75 cm of petiole height and 250-1350 g of corm weight,
(iii) at three years, has 75-175 cm of petiole height and
450-3350 g of corm weight.
A. muelleri growth was determined by petiole height,
canopy diameter, number of bulbils, corm thick, corm
diameter, corm weight and corm volumes. Then, A.
muelleri habitats were observed including altitude
measured by Global Positioning System (GPS), the
percentage of plant coverage, microclimate and soil
sampling. Microclimate conditions observed including
percentage of radiation (measured using solarimeter),
precipitations and temperatures. The data of precipitations
and temperatures were obtained from Meteorology,
Climatology and Geophysics Agency at Karangploso
Malang, from October to December 2008 and January to
April 2009. The observations of soil characteristics used a
drill soil sampling (analysis of organic matter contents,
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cation exchange capacity (CEC), Ca content, pH and
conductivity) and soil ring (density). Soil organic matters
was measured by volumetry, CEC was measured by flame
photometry, Ca content was measured by EDTA titration
and soil density was measured by cylindrical method.
The influence and contribution of predictor variables
towards response variables were determined by multiple
regression models. The models were designed using SPSS
17.0 with a stepwise method. The modeling was conducted
in two steps of regression test, namely: (1) between the
predictor variables (environmental indicators) with the
transition variables (A. muelleri vegetative growth
indicators) so that obtained multiple regression model of A.
muelleri vegetative growth and (2) between transition
variables with response variables (A. muelleri corm growth
indicators), so a multiple regression model of A. muelleri
corm growth was generated. Following this, a substitution
model between A. muelleri vegetative growth models with
corm growth models was performed. Futhermore, the
examination of validity of regression models was
determined by determination coefficient (R2) value,
regression coefficient and some assumptions, which were:
(1) normality of residues is known through KolmogorovSminov; (2) linearity of model is identified by curve
estimation; (3) non multicollinearity is known through
Variance Inflation Factor (VIF) value and (4)
homoscedaticity is known through Spearman Rank
correlation test (Table 1). The models that have not met the
assumptions must be evaluated. Evaluation the regression
models can be conducted with were not include one of
variables causes multicollinearity and transforming the
variables have heteroscedasticity and unnormal residual
into log form.
Table 1. The provisions for each indicator in determining the
validity of regression models
Indicator

Provision

2

R
F test for determining the simultaneously influence X to Y
t test for determining the partially influence X to Y
Non multicollinearity using VIF value
Normality of residual using Kolmogorov-Sminov
Homoscedaticity using Spearman Rank correlation test
Linearity of model using curve estimation

≥80%
p-value < 0.05
p-value < 0.05
<5
p-value > 0.05
p-value > 0.05
p-value < 0.05

RESULTS AND DISCUSSION
Models of A. muelleri growth in some agroforestries
The evaluation of regression models indicate that age,
monthly temperature, percentage of radiation and soil Ca
content either simultaneously or partially were significantly
determined A. muelleri vegetative growth (Table 2). Based
on the the model of A. muelleri vegetative growth, petiole
height (PH) was determined positivelly by age and monthly
temperature (R2 = 97.3%) with each regression coefficient
116.186 and 1.963. This means that 97.3% of petiole height
is determined by age and monthly temperature and the
remaining 2.7% is explained by other factors not included
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in the model. Meanwhile, canopy diameter (CnD) was
determined positivelly by age and soil Ca content (R2 =
93.3%) with each regression coefficient 196.892 and 1.564.
And, bulbil number (BN) was determined by age,
percentage of radiation and monthly temperature (R2 =
88.8%) with each regression coefficient 25.855, 0.044 and 0.085. The models can be used to predict the optimal value
of petiole height, canopy diameter and bulbil number
because it had R2 value more than 80% and overall
regression
model
assumptions
are
met
(non
multicollinearity, linear, homoscedaticity and normality of
residual).
Table 2. The regression models of A. muelleri vegetative and
corm growth
Regression models
Vegetative growth
PH = 116.186 log A** + 1.963 T**
CnD = 196.892 log A** + 1.564 Ca**
BN = 25.855 log A** + 0.044 PR** – 0.085 T**

R2 (%) Validity
97.3
93.3
88.8

Valid
Valid
Valid

Corm growth
CT = 0.069 PH** + 0.099 BN**
96.4
Valid
Log CD = 0.434 log PH** + 0.29 log BN**
99.6
Valid
Log CW = 1.091 log CnD** + 0.765 log BN**
99.1
Valid
Log CV = 1.090 log CnD** + 0.052 BN**
97.7
Valid
Note: PH petiole height; CnD canopy diameter; BN bulbil
number; A age; T monthly temperature; Ca soil calcium content
dan PR percentage of radiation; CT corm's thick; CD corm's
diameter; CW corm's weight; CV corm's volume; ** the influence
is very significant (p-value < 0.01)

(CT) and corm's diameter (CD) were determined
positivelly by petiole height and bulbil number with R2 =
96.4% and 99.6% respectivelly. Meanwhile, corm's weight
(CW) and corm's volume (CV) were determined positivelly
by canopy diameter and bulbil number with R2 = 99.1%
and 97.7% respectivelly. Additionally, the R2 value also
exceed 80% and the overall regression model assumptions
are met so that the model can be used to predict the growth
of A. muelleri corm.
This finding research report was in accordance with
Arisoesilaningsih et al. (2010). Therefore, optimazation of
A. muelleri corm production should be consider all factors
that influenced to amount of bulbil number, such as age,
altitude, percentage of radiation, monthly temperature, Ca
content of soil and CEC. In the meantime, the results are
also accordance with the statement Ambarwati and Murti
(2001) that the petiole height and canopy diameter have
positive correlation significantly to the diameter and weight
of A. variabilis corm.
The substitution between model in Table 2 obtained
corm growth model related to environmental factor at A.
muelleri agroforestry (Table 3). The model explains that
the height and diameter of A. muelleri corm were
determined by age, monthly temperature and percentage of
radiation. Meanwhile, the weight and volume of A.
muelleri corm are influenced by age, level of soil Ca,
monthly temperature and percentage of radiation.
Table 3. Model of A. muelleri corm growth related to environmental factors
Regression model

In other research, Arisoesilaningsih et al. (2010)
showed that altitude, monthly temperature, soil Ca content,
cation exchange capacity (CEC) and percentage of
vegetation cover were also significantly affect the bulbil
number of A. muelleri. The difference result occurs because
of the research using stuctural model with PLS Smart
program. Analysis by PLS will have a structural model that
can determine the variables that affect the other variables
by considering one or more indicators. The structural
model could not determine how much the X value
(predictor variable) is needed to optimize the Y value
(response variable) or optimazation, as well as regression
models have.
In this research, optimization of A. muelleri vegetative
growth using regression models can only be conducted on
the observed age range, namely 1-4 years. After 4-year old,
A. muelleri allegedly will enter the generative phase that
produces flowers and fruit. During the generative phase,
the food reserves in the corm is reduced so that corm have
shrinkage and broken (Personal communication with
Serafinah Indriyani 2010). Based on the regression model,
if environmental factors are considered constant then A.
muelleri vegetative growth maximum at the age of 4 years.
The evaluation of regression models indicate that
petiole height, canopy diameter and bulbil number either
simultaneously or partially were significantly determined
A. muelleri corm growth (Table 2). Based on the model of
A. muelleri corm growth can be explained that corm's thick

CT = 10.577 log A + 0.127 T + 0.004 PR
log CD = 0.434 log (116.186 log A + 1.963 T) + 0.29 log (25.855
log A + 0.044 PR – 0.085 T)
log CW = 1.091 log (196.892 log A + 1.564 Ca) + 0.765 log
(25.855 log A + 0.044 PR – 0.085 T)
log CV = 1.090 log (196.892 log A + 1.564 Ca) + 1.344 log A +
0.002 PR – 0.004 T

The fourth models emphasize that the physiological age
of A. muelleri have important role on determine growth of
A. muelleri vegetative and corm. Regarding to A. muelleri
are perennial plants that may die or their corm to be shrunk
and damaged after producing flowers and fruit, the growth
of A. muelleri vegetative and corm are limited (Personal
communications with Serafinah Indriyani 2010). Therefore,
growth of both A. muelleri vegetative and corm will
maximal after completing the fourth vegetative period or
before entering the generative phase.
Recommendations of harvest and habitat manipulation
To meet the quality standards of A. muelleri corm
match to market demand, the harvesting is done after
corm's diameter more than 15 cm and weight minimum is
1-2 kg. A. muelleri corm on Sugihwaras Village, Klangon,
Bendoasri and Klino are predicted to be harvested after
completing the third period of vegetative growth (Table 4).
However, harvesting of the corm should be done after
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Table 4. Prediction profiles of A. muelleri corm before and after manipulation in environmental variables at third and fourth period of
vegetative growth in some agroforestry
Agroforestry

Temperature
(°C)

Radiation
(%)

Ca content
(me.hg-1)

Before
Sugihwaras
27.65
14,01
25.34
Klangon
26.65
36.37
6.39
Kalirejo
25.50
2,98
8,03
Bendoasri
25.65
47.66
13.37
Klino
23.39
59.33
13.26
After
Sugihwaras
27.65
from 14 to 60
from 25.3 to 28.3
Klangon
26.65
from 36 to 60
from 6.4 to 9.4
Kalirejo
25.50
from 3 to 60
from 8 to 11
Bendoasri
25.65
from 48 to 60
from 13.4 to 16
Klino
23.39
from 59 to 60
from 13.3 to 16
Note: * not meet standart qualification of A. muelleri corm

completing the fourth period of vegetative growth. It is
caused by highly percentage increasing of corm's weight
from third vegetative growth to fourth vegetative growth.
Meanwhile, the A. muelleri corm on Kalirejo Village
should be harvested after completing the fourth period of
vegetative growth. It is caused corm production in third
period of vegetative growth not meet the quality standard.
In accordance with Ambarwati and Murti (2001), the larger
the corm's diameter will be followed by the increase in
corm's weight, which in turn increase the content of
glucomannan. Therefore, the diameter and weight of corm
can be used as a main selection of morphological
characters in the harvesting of A. muelleri corm.
The optimizing A. muelleri corm production in the five
agroforestries can be conducted by manipulation of some
environmental variables. Environment variables is likely to
be manipulated, which were percentage of radiation and
soil Ca content. Based on regression models of A. muelleri
corm growth, percentage of radiation and soil Ca content
have a positive effect on the growth of A. muelleri corm so
that both the value of these variables need to be improved.
Increasing percentage of radiation can be done by pruning
the shade canopy of A. muelleri. Nevertheless, the other
research show that the higher light intensity will decrease
plant height, growth of leaf and chlorophyll content of
konjac plant (Liu et al. 1998), the A. konjac yielded 66%
more corms under 50% shade than without shade (Douglas
et al. 2005) and A. muelleri showed positive response to
suitable shading (Zhao et al. 2010). Santosa et al. (2006)
also show that leaf size of A. muelleri increased with the
increase in the shading level, resulting in the production of
large corms at a low light intensity and corm reached a
commercial size two years after planting under the 75%
shading condition. Perhutani Agency of East Java (2008)
explained that the minimum shade is required by A.
muelleri for optimalize the growth was 40% so that pruning
can be done to generate 60% maximum exposure. In the
meantime, the soil Ca content can be improved by the
addition of lime on the land A. muelleri agroforestry.

Corm's diameter (cm)
3
4
years
years

Corm's weight (kg)
3
4
years
years

Increasing
(%)

15.23
15.54
14.85*
15.64
15.60

17.37
17.62
17.00
17.70
17.64

1.27
1.04
0.97*
1.20
1.25

1.87
1.58
1.50
1.78
1.84

47.24
51.92
54.64
48.33
47.20

16.03
15.93
15.82
15.84
15.61

18.07
17.97
17.86
17.87
17.65

1.51
1.16
1.20
1.29
1.31

2.14
1.73
1.77
1.88
1.90

41.72
49.14
47.50
45.74
45.04

Douglas et al. (2005) show that lime and potassium
increased yields but increasing rates of urea reduced yields
after two season’s growth of A. konjac. However, the
addition of lime is recommended not exceeding 20 tons
lime per ha because it can reduce the growth of corms.
Addition of 20 tons of lime per ha can increase soil Ca
content from 6.54 to 9.53 me.hg-1 or equivalent with 3
me.hg-1 (Sumarwoto 2004).
Based on those considerations, optimization A. muelleri
corm production is recommended by improving percentage
of radiation to 60% and soil Ca content increased 3 me.hg-1
than before (Table 4). The manipulation can increase
corm's weight of A. muelleri is 3.26-23.7% from the
previous (Table 5). The biggest increasing in corm's weight
occurred in the Village Kalirejo. Meanwhile, the corm's
weight increasing in Bendoasri and Klino Village not too
high so that habitat manipulation is not necessary.
Table 5. Prediction of A. muelleri corm weight after habitat
manipulation
Corm's weight (kg)
Corm's weight (kg)
at 3 years
at 4 years
Increasing
Increasing
Before After
Before After
(%)
(%)
Sugihwaras 1.27 1.51
18.90
1.87 2.14
14.44
Klangon
1.04 1.16
11.54
1.58 1.73
9.49
Kalirejo
0.97 1.20
23.71
1.50 1.77
18.00
Bendoasri
1.20 1.29
7.50
1.78 1.88
5.62
Klino
1.25 1.31
4.80
1.84 1.90
3.26
Agroforestry

It should be noted that the pruning of canopy can only
be done with permission Perhutani Agency because it was
feared it would reduce productivity of stands. Therefore, to
increase percentage of radiation can also be done by
cultivation in a location that stand spacing is not too tight
and the canopy of stand do not thick. Additionally,
increasing of soil Ca content has a risk reducing A. muelleri
corm quality because the previous studies show that soil Ca
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content positively correlated with oxalate content in A.
muelleri corm (Indriyani et al. 2010). The results
Handayani (2009) also explained that the addition of lime
(dolomite) in A. muelleri growth media can increase the
density of Ca-oxalate crystals in A. muelleri leaves.
Nevertheless, the results of research Sumarwoto (2004)
explains that the addition of 20 tons of lime (Ca)/ha can
also increase soil pH from 4.55 to 5.99. Given that the pH
is negatively correlated with oxalate content in A. muelleri
corm (Indriyani et al. 2010), it is necessary to ensure on the
continued study about the relationship between the increase
of pH, soil Ca content, corm production and decreasing
oxalate content in A. muelleri corm. Futhermore, in
structural model using PLS, Indriyani et al. (2011)
explained that corm oxalate content of A. muelleri was
determined directly by temperature and soil CEC.
Therefore, optimazation A. muelleri corm production by
improving percentage of radiation and soil Ca content can
be conducted in A. muelleri agroofrestries.
Selection of new habitat for A. muelleri agroforestry
Optimizing the A. muelleri corm production for new
agroforestry can be conducted by controlling the vegetative
growth by choosing a new agroforestry has character
monthly temperature, percentage of radiation and soil Ca
content are optimum. To archieving monthly temperature
optimum, A. muelleri better planted in agroforestry with
low altitude, for example in the village of Sugihwaras
(Arisoesilaningsih et al. 2010). Meanwhile, maximum of
radiation (60%) can be archieved in agroforestry with
stands not too tight. Additionally, soil Ca content can be
optimalized so that CEC to be optimal, like Sugihwaras
Village. The increasing of Ca content can be done with
calcification (Sumarwoto 2004).
CONCLUSION
The multiple regression analysis of A. muelleri growth
at some characters agroforestry and age showed high
validity with R2 88-99%. Regression model showed that
age, monthly temperature, percentage of radiation and soil
Ca content either simultaneously or partially determined
the growth of A. muelleri vegetative and corm. Based on
these models, the A. muelleri corm reached the optimal
growth after four years of cultivation and they will be ready
to be harvested. Additionally, the soil Ca content should
reach 25.3 me.hg-1 as Sugihwaras agroforestry, with the
maximal radiation of 60%.
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ABSTRACT
Setiawan A, Nugroho TS, Wibisono Y, Ikawati V, Sugardjito J. 2012. Population density and distribution of Javan gibbon (Hylobates
moloch) in Central Java, Indonesia. Biodiversitas 13: 23-27. A survey of Javan gibbon (Hylobates moloch) was conducted from July
2009 to November 2010 in the Dieng mountains and Mount Slamet, Central Java, Indonesia. The purpose of the survey was to assess
current population status and its distribution, including factors threatening the species. Line transect method was used to estimate gibbon
densities. We detected a total of 144 individuals in 56 groups on a 212.7 km length trail. Average group size was calculated as 2.57
(ranging between 2 and 7) individuals. We compared the population density between Mount Slamet and Dieng mountains. It was found
that the density in Mount Slamet was lower than in the Dieng montans with 1.7 ind./km2 compare to 2.5-7.57 ind/km2 respectively. In
total, there were about 1,034 individuals of gibbon in Central Java which was divided in two sub populations. The one in Mount Slamet
was about 175 individuals whereas in the range of Dieng mountains was 881 individuals. Establishing a protected area and enhancing
conservation awareness were critically important for survival of this endangered ape. Conservation awareness should consider human
needs of local people surrounding the forest habitat.
Key words: Javan gibbon, population, distribution, Dieng Mountains, Mount Slamet, Central Java.

INTRODUCTION
Indonesia holds six species of gibbons including Javan
gibbon (Hylobates molloch) which is endemic to Java
(Marshall and Sugardjito, 1987). This species is heading to
extinction due to forest degradation and land conversion for
agriculture. Previous survey on this species has been
conducted by Kapeler (1984). He has assessed 32 forest
patches that are inhabited by Javan gibbon in Java and the
population has been estimated between 2400 and 7900
individuals. Sugardjito and Sinaga (1999) have studied the
population specifically, in Halimun National Park, west
Java and has been estimated the population about 1,000
individuals. Further survey, conservation activities and
ecological study of javan gibbon also continued intensively
in this area (Iskandar 2007; Kim et al. 2011). Based on the
published data available on gibbon population, Supriatna
and Wahyono (2000) estimated that some 2000-4000
gibbons remaining in the wild. The latest survey of Javan
gibbon was conducted by Nijman and van Balen (1998) in
Dieng montains with the results of remaining population
between 519-577 individuals, recent survey of Javan
gibbon conducted by Djanubudiman et al. (2005), visited
23 locations in West Java and 7 locations in Central Java,
has provided population estimate of gibbons 492
individuals in Dieng Mountains and 96 individuals gibbons

in Mount Slamet and the total estimate for the whole of
Java 4888 individuals. Nijman (2004) also stated that the
total gibbon population in Java between 4000 and 4500
individuals.
In contrast to west Java, the forest habitat in central
Java does not have any protected area which forms a
network system and received little attention among
conservationists and researchers. Consequently, forest
habitat in this region is more threatened by encroachment.
However, based on the field survey conducted by previous
authors, there still remained a large forest block in Central
Java where the Javan gibbon lived. In this paper we report
the results of a survey for more than a decade of Javan
gibbons in Central Java with focusing on the conservation
status of the population and its distribution.
MATERIALS AND METHODS
The two main study sites include Dieng mountains and
Mount Slamet (Figure 1). The locations two survey
population distribution were selected to follow the previous
surveys done in Central Java (Nijman and van Balen 1998;
Djanubudiman 2004). We surveyed from July 2009 up to
November 2010.
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Figure 1. Map of the study sites and the distribution of javan gibbons in central Java

We used Landsat satellite imagery to identify forest
blocks for the survey sites. The first forest block was
located in Mount Slamet, with the total size of forest block
as potential habitat 103.41 km2 (see Figure 1, sites: 11, 12,
13, 14, 15, 16). In this block we have established six sites
as field camp i.e. Curug Cipendog in the south-west slope
(07o20'09.5”S, 109o08'02.6”E; 850 m asl.), Curug
Gomblang (07o19'38.1”S, 109o12'17.8”E, 952 m asl.) and
Pancuran Pitue (07o18'35.0”S, 109o13' 04.7”E, 780 m asl.)
in the Southern slope, Gunung Tukung (07o16'12.6”S,
109o15'16.0”E, 1472 m asl.) and Gunung Malang
(07o16'12.5”S, 109o15'20.4”E, 1336m asl.) in the north-east
slope, and Gunung Suci (07o11'40.l3”S, 109o11'26.8”E;
1531 m asl.) in the north-west slope of Mount Slamet. We
utilized existed forest trails in Mount Slamet to survey and
avoid trails for mountain climber , we records all of direct
sight with the gibbon, the distance from observer, number
of individuals and GPS coordinate.
In Dieng mountains (see Figure.1 sites 1, 2, 3, 4, 5, 6, 7,
8, 9, 10) we surveyed the population in the Western part of
Dieng mountain mainly at Sokokembang forest (07
05'51.0"S, 109 43'29.9"E, 685 m asl.). We define forest
area as potential habitat of Javan gibbon in to four forest
block based on satellite imagery and field survey, i.e
Sokokembang (65.69 km2), Sikesod (48.38 km2), Linggo

Asri, Sawangan Ronggo, Bantar Kulon, Alas Daon, Lebak
Barang, Kembang Langit as one forest block sized (18.95
km2), and Semangkug Mlaya (33.88 km2). We established
seven transects lines in Sokokembang forest (+3000 ha).
Each transect was 1 km in length. These transects started
from Wela River, heading to 40o and 240o. We walked
slowly 1km/hr, and stopped for several minutes to locate
branch shaking and sounds of gibbons. Most field work
started at 06.00 and lasted up to 17.00, with a break at mid
day (12.00 until 14.00). We recorded number of
individuals, age class, and the distance of animals detected
to observer. GPS (Garmin 60 CSX) was used to record
points where we found the animals, and we recorded their
behaviors ad-libitum ( Martin and Bateson 2007) as well as
food items consumed in vernacular name. Due to steep
topography, time constraint and man power availability, we
used existed trails in Mount Slamet and other locations
except Sokokembang forest to survey of the gibbon Data
was collected throughout broad surveys across forest
patches from non replicate forest walks. Walks were
conducted mostly cross-country, but where not possible, on
established bush trails. This method involves slow, quiet
walking, with stops every 100 m to visually scan the forest
and look for sounds. All recorded data were written down
on prepared worksheets.
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We followed the technical survey procedure mentioned
in the National Research Council (NRC, 1981) to calculate
density of each site. The basic formula for calculate density
is D= n/A, where D= density, n= number animals seen, A =
sample area (determined by 2wl, w= strip width and l =
length of the transect). Perpendicular distance determined
based on trigonometric calculation, p = s sin α, p is
perpendicular distance, s = sighting distance from the
observer to the animal at the moment detection (we used
laser range finder-Bushnell yard age pro-, to measure
distance), and α = is the sighting angle, or the angle
between transect line and the animal to observer line at the
moment of detection, the angle (α) is determined using a
field compass. At the end of observation and density
calculation was done for maximum perpendicular distance,
which was found as 150 meter in Mount Slamet and 49.4
meters in Dieng Mountains area.
General description of forested habitat and threats for
gibbon population determined based on qualitative
assessment, we asked villagers, forestry officers or village
leaders whether Javan gibbon still exist, forest threats and
forest resource utility.
RESULTS AND DISCUSSION
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transect lines. Average group size 2.57 individuals (range
from 2 up to 7). The estimate average densities in Mount
Slamet and Dieng mountains are 1.7 ind/km2 and 5.15
ind/km2 respectively. The detailed results are presented in
Table 1, whereas the map of location can be seen in Figure
1. The vertical distribution of gibbon was starting from the
lowest habitat (270 meters above sea level; m a.s.l.) up to
the highest at 1900 m a.s.l. (Figure 3).
Mount Slamet and Dieng Mountain complex were
located far apart and does not form continuous habitat.
Unfortunately, we did not collected data on floristic
composition in these areas. We separated the results of total
population, and estimated based on available potential
habitat using Landsat satellite imagery 2001 analysis.
Although the gibbons do not evenly distribute in the forest,
we extrapolated the density with remaining potential
habitat. Thus, there were approximately 1,056 individuals
of gibbon in Central Java include the population in Mount
Slamet about 175 individuals and Dieng mountain within
four forest block are 497 individuals (site no. 1), 120
individuals (site no. 2), 115 individuals (site.3, 4, 5, 6, 7, 8,
9) and 149 individuals (site no. 10), and the total
population was approximately estimated 881 individuals.
In Western part of Dieng Mountain, Sokokembang
forest specifically, we were able identifying age-classes for
each groups (Figure 2).

There were 144 individuals belongs to 56 groups of
gibbon have been seen recorded on the 212.7 km forest

Table 1. The survey sites of Javan gibbon and its densities in Central Java.
N individu transect potential
density
seen
length habitat
Vegetation
(ind/km2)
2
(group)
(km)
(km )
1. Sokokembang
51 (20)
42.82 65.69
7.57
secondary forest,
mix
2. Sikesod
2 (1)
4
48.38
2.5
primary forest
3. Linggo asri
10 (3)
20
18.95
6.12
secondary forest
4. Sigugur
3 (1)
2
Plantation-mix
5. Sawangan Ronggo
4 (1)
2
secondary forest
6. Bantar Kulon
secondary forest
7. Alas Daon
2 (1)
4
secondary forest
8. Lebak Barang
5 (2)
4
secondary forest
9. Kembang langit
2 (1)
6
secondary forest
10, Semangkung, Mlaya
2 (1)
2.5
33.88
4.4
plantation-mix
11. Gunung Malang (Mount Slamet eastern slope)
4 (2)
125.38 103.41 1.7
primary forest
12. Gunung Tukung (Mount Slamet southeast slope) 17 (8)
primary forest
13. Pancuran Pitoe (Mount Slamet southern slope)
11 (1)
secondary forest
14. Curug Gomblang (Mt,Slamet, Southern Slope)
24 (9)
secondary forest
15. CurugCipendog (Mount Slamet, South west slope) 5 (4)
secondary forest
16. Gunung Suci (Mount Slamet, North west slope) 2 (1)
secondary forest
Total
144
212.7 270.31
Average density Dieng Mountain
5.15
Average density in Mount Slamet
1.7
Average group size in Dieng Mountain
2.61 ind
Average group size in Mount Slamet
2.52ind
Group range
2-7 ind
Population estimate in Mount Slamet
175 ind
Population estimate in DiengMountain
881 ind
Localities

Notes: 1.Firewood collection; 2. Agriculture expansion; 3. Primates hunting; 4. Non timber extraction.

Elevation

Threats
priority

250-950

1;2;4

1450
450-650
950
550
250
400
350
650
750
1400
1500
750-1900
750-1500
750
850

3
3;4
1;3;4
1
Na
1;2;4
2;4
2;3;4
1;2;3;4
3;4
3;4
1;3;4
1;3;4
1;3;4
1;3;4

B I O D I V E R S IT A S 13 (1): 23-27, January 2012

26

50
40
30
20
10
0

adult

juvenile

infant

Group composition
Figure 2. Group composition of Gibbon in Sokokembang forest,
western part of Dieng mountain

2000

Elevation

1500
1000
500
0
0

20

40

60

80

Number of individuals
elevation
Figure 3. Altitudinal distribution of gibbon in Central Java

Discussion
The sites where we visited for this survey which have
not been surveyed previously include, Sawanganronggo,
Kembang langit, and Mlaya in Dieng Mountains, in Mount
Slamet are Curug Cipendog, Curug Gomblang, Gunung
Tukung, Gunung Malang, and Gunung Suci . The results of
this survey in general, neither group or individual density
do not show any significant differences with the previous
reports in the same surveyed sites (Nijman and van Balen
1998; Djanubudiman, et al. 2004), but we were able to
collect more detailed information on the number of gibbon
seen directly. However, our extrapolation of potential
habitat for the estimate total population is higher than
previous survey in central java. This may be due to
different method in determining forested area as potential
habitat for Javan gibbon. In this area the Javan gibbons did
not occupy secondary natural forests only but, it also lives
in both degraded forest edge habitats and plantation forests
(Agathis dammara, Schima wallichii). This was observed
in Mount Slamet (Curug gomblang, Pancuran Pitue,
Gunung Malang, in Sigugur and Semangkung Mlaya)
whereas in the range of Dieng Mountain, we observed
gibbon in the Pine plantation (Pinus mercusii).The average

group size of 2.61 individuals in Dieng Mountain and 2.5
individuals in Mount Slamet are much lower than any
reported data in Java i.e 3 up to 5 individuals (Kappeler,
1981, 1984c; Gurmaya et al., 1995; Rinaldi, 1999;
Supriatna et al., 1994, Nijman 2001; Sugardjito and Sinaga
2004). This indicates that the reproduction of gibbon in
Dieng Mountain (Sokokembang forest) was low, there are
only two groups which hold infants and 4 groups with
juveniles (see. Figure.2).
Habitat of gibbons in central Java consists of
fragmented forest as shown on the map of 2001 satellite
imagery. Several locations such as Linggo asri, Sigugur
and Mlaya have already been isolated from the main forest
blocks of Dieng Mountain. We found groups of gibbons
inhabiting forest habitat from the edge to the interior of
forest which is consistent with the previous study (Nijman
and van Balen 1998). We often see gibbons next to the
main road (forest edge), for example in Sokokembang, and
Lebak Barang. Gibbon mostly occupies forest between 400
to 1000 meter a.s.l, due to this forest provides more diverse
food sources (see. Figure.3). The altitude of forest habitat
has an impact on forest structure, distribution and
abundance of food sources (Kim et al. 2011). However,
Javan gibbon is also occur in habitat up to 1900 m a.s.l in
Mount Slamet, and this might be due to increasing
disturbed forest habitat particularly in the low-land. A land
use conflict between human and wildlife were frequently
happened in this area due to many forest habitats in low
land are converted to agricultural land. The gibbons,
therefore, are imposed to move higher and are occupying
high land forest habitat.
Threats for gibbon population and habitat were different
among locations and this could be used for determining
priorities in conservation management for this species
(Nijman 2006; Supriatna 2006; Supriatna et al. 2010).Fire
wood collection and agricultural expansion threatened
almost all areas in Dieng Mountain. Collecting fire wood
by cutting down the trees and selling to the market are
common phenomena in the Western part of Dieng
Mountains. Expansion of coffee plantation was
encroaching to the forest. Hunting gibbon for pets has been
seen in Dieng Mountain and Mount Slamet. Information
obtained from villagers who were interviewed said that
gibbons are priced for Rp 300,000-Rp 500,000/ind. In
general, the people living in surrounding the gibbon
habitats have low income. This situation stimulates people
to sell animals for their additional income. Therefore,
conservation awareness and education efforts in this area
should address these problems in order to improve
livelihood or generate alternative income for villagers
around the forest.
In order to secure the population of Javan gibbon, we
recommend the establishment of protected area system in
Central Java, specifically in Western part of Dieng
Mountain and the natural forest of Mount Slamet, which is
important not only for the Javan gibbon but also for all
Javan endemic primates. The proposal to promote the
Javan gibbon as provincial mascot could also be helpful for
campaign the species conservation.
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CONCLUSION
We have detected more gibbons individually in the field
for new locations that were not visited previously by the
earlier authors, including in plantation forest. We estimated
175 individuals of gibbon in Mt.Slamet forest block and
881 individuals in Dieng Mountains area although the
forest covers are not continuously. It was found that the
gibbon lives both in degraded forests and plantation.
However, the current map of forest cover with the
information on vegetation and altitudinal distribution is
needed. Establishment of forest patrol units to monitor and
protect the forest habitat with the gibbon population in
Mt.Slamet and Westernpart of Dieng Mountain is critically
important. Conservation awareness and education efforts in
this area should address the the human needs for villagers
around the forest.
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ABSTRACT
Suwarno. 2012. Age-specific life table of swallowtail butterfly Papilio demoleus (Lepidoptera: Papilionidae) in dry and wet seasons.
Biodiversitas 13: 28-33. Age-specific life table of Papilio demoleus L. in dry and wet seasons was investigated in the Tasek Gelugor, Pulau
Pinang, Malaysia. Development of P. demoleus was observed from January to March 2006 (dry season, DS), April to July 2006 (secondary
wet season, SWS), and October to December 2006 (primary wet season, PWS). Survivorship of P. demoleus in the DS was lower than in the
SWS and in the PWS. The mortality (qx) of the fifth instar larvae P. demoleus in all seasons was higher than in other stages. Predators,
parasitoids, and rainfall were the most important factors of mortality in immature stages of P. demoleus. Predators caused the highest
mortality in all stages of P. demoleus, except the pupal stage. Predation in the DS (94.39%) was higher than in the SWS (90.88%) and
PWS (84.04%) but no significantly different among the seasons. Meanwhile there was significantly different of mortality caused by
parasitoids and the rain among the seasons. Spiders were the important mortality agent in the eggs and young larvae, meanwhile in the
older larvae were S. dichotomus and Podisus sp. Ooencyrtus papilioni and Pteromalus puparum were the important parasitoids for the
eggs and pupae of P. demoleus, respectively. In summary, the season influenced the survivorship of P. demoleus in citrus plantation. P.
demoleus had the highest survival in the wet primary season (PWS), while the lowest survival was observed in the dry season (DS).
Key words: life table, Papilio demoleus, dry seasons, wet seasons, predators, parasitoids.

INTRODUCTION
In many insects population studies, the age-specific life
table is more widely applicable because insects have
discrete generations. Age-specific life table shows
organism’s mortality or survival rate as a function of age.
In nature, mortality rate may depend on numerous factors
(Southwood and Henderson 2000). The factors force may
be naturally occurring, as in the case of predators,
parasitoids, pathogens, host-plant effects, and weather
(Naranjo and Ellsworth 2005). A life table reveals the “key
mortality agents” at different stages and help in the construction of survival curves. Such curves in turn are useful
for detecting weak links (most susceptible or vulnerable
stages) in life history of a pest (Norris et al. 2003).
Papilio demoleus was reported in many countries as a
serious pest on Citrus orchard such as in India (Gangwar
and Singh 1989), Pakistan (Munir 2004), Indonesia
(Matsumoto and Noerdjito 1996), Malaysia (Malaysian
Tropical Fruit Information System 2004), Caribbean and
Florida (Homziak and Homziak 2006). In Malaysia this
pest is gaining important. Based on observations in
Malaysian Peninsular, it was found that P. demoleus
attacked the citrus plantations throughout the year and its
populations fluctuate depending on several factors such as
natural enemies, food resources and weather. These factors
are important in predicting population growth, survival
rate, mortality and fecundity (Yang and Chi 2006).
A greater understanding of caterpillar behavioral

ecology and naturally occurring mortality agents will
enhance our abilities to effectively manage caterpillar
populations. The objectives of this study were, first, to
construct and compare the age-specific life tables of P.
demoleus during dry and wet seasons. The second objective
was to identify the mortality factors of various life stages of
the butterflies and finally, to determine the key mortality
factors and the weakest stages of immature of P. demoleus.
MATERIALS AND METHODS
The study site
The study of life table of P. demoleus were conducted
in Tasek Gelugor, Pulau Pinang, Malaysia, located at
5028’60”-5029’89” North latitude, and 100030’0”100032’15” East longitude, and 34 m above sea level. The
study area is a tropical fruits plantation. The experimental
observations were done on the 210 seedlings of Citrus
reticulata (height 50-75 cm).
Life table data collection
The study of the age-specific life tables of P. demoleus
was conducted during dry and wet seasons in 2006.
Development of P. demoleus was observed from January to
March 2006 (dry season, DS), from April to July 2006
(secondary wet season, SWS), and from October to
December 2006 (primary wet season, PWS).
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The number of eggs oviposited, surviving larvae, dead
eggs and larvae and their mortality factors in the study area
in each season were determined by direct counting every
alternate days. All stages of larvae and their respective
causes of mortalities (egg, first to fifth instars, pupae and
emerging adult) were recorded. Mature eggs and pupae
with signs of parasitism (dark upper surface of eggs and
black spot on the pupae) were taken to the laboratory until
the natural enemies emerged (Munir 2004; Okolle 2007).
Life table construction and analysis
To obtain complete information of each life stage of P.
demoleus life tables was constructed using the data from
continuous field observations on all stages of life cycles.
The data of all generations in each season were pooled at
the end of observation into respective stages. The life table
calculation followed the method of Southwood and
Henderson (2000) and was used to calculate the table. The
data were summarized into columns of life table analysis
whereby:
X = age interval
lx = number of living individuals at the start of age.
dx = number of dying individuals during the stage
interval X to X+1
D'x = number of deaths from different agents
q'x = mortality from different agent (D'x / lx)
qx = total mortality of each stage (q'x1 + q'x2 + q'x3 + … +
q'x n )
s = survival during the stage interval (1-qx)
Life table data were subjected to “key-factor” analysis.
In this study, the key factor analysis, were carried out
following the method of Varley et al. (1973), whereby:
K = ke + k1 + k2 + k3 + k4 + k5 + kp
K = total generation mortality
ke = mortality of eggs
k1 = mortality of first instar larvae
k2 = mortality of second instar larvae
k3 = mortality of third instar larvae
k4 = mortality of fourth instar larvae
k5 = mortality of fifth instar larvae
kp = mortality of pupa
Isolating of mortality agents
In this study, six categories of egg mortality factors had
been identified based on evidences from the field
observations. First, if the eggshell was broken or there was
a remnant of shell with no leaf damage around the egg
shell, the mortality factor was classified as caused by
predators. Second, if the egg has a black spot with the
absence of a red spot on its upper area and it did not hatch
until the third observation (5 or 6 days), the egg was taken
to the laboratory and kept in plastic vials for up to 10 days.
Parasitoids would likely emerge from the egg. Therefore
the mortality factor in this case was considered as
parasitoids. Third, if no parasitoids emerge from the egg, it
would be dissected under a light microscope. Sometimes
parasitoids may fail to develop inside the eggs and the eggs
too failed to hatch. Here, parasitoids were also the cause of
the egg mortality. However, when no parasitoid was found
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after dissection, the egg was considered as failed to hatch
due to natural causes. Fourth, in the absence of both
eggshell and damaged leaves around eggs but there were
heavy or moderate rainfalls two days prior to the
observation; mortality was classified as caused by rain.
Fifth subsequently, broken eggs that fell to the ground or
went missing were considered dead due to human error.
Finally, for the eggs found on the ground or which were
missing due to attack by leaf feeders such as curculionid
beetle and grasshopper they considered eaten by this
insects hence then mortality factor.
For the larval stage, four mortality factors were
identified; predator, parasitoid, rain, and human error. The
characteristics of the last three factors were similar to those
described for the egg stage. Predations in the larvae were
concluded through several evidences, such as the presence
of larval fluid or larval skin or dead larval bodies on the
host plant. Predators, such as spiders and ants usually lived
together with the larvae on the same plant.
Predators and parasitoids were the major mortality
agents in the pupal stage. Missing pupae were classified as
being killed by the predators. The presence of black spots
on the pupal body was an indicator of parasitism. Pupa was
collected from the field and kept in a plastic vial in the
laboratory until a parasitoid emerged. The parasitoid and
predator were identified to the lowest possible taxa using
keys of Zhang et al. (2005) and Hayat and Khan (2007).
The spiders were identified using Comstock (1971). They
were also compared to several available photographs in
various websites on the internet.
Statistical analysis
The mortality factors data in various seasons were
analyzed by the Kolmogorov-Smirnov test for normality.
Based on the abnormality of data distribution, and noneffective transformation, the non-parametric analyses were
used to analyse the collected data. Differences in mortality
of the immature stages during different seasons (three
seasons) were analysed using the Friedman test. The MannWithney U test were subsequently used to compare mortalities between two seasons, when necessary. All data were
analyzed using the SPSS software version 12 (Pallant 2005).
RESULTS AND DISCUSSION
Life table of P. demoleus
In the present study revealed that survivorship of P.
demoleus varied in the various seasons. Percentages of
eggs of P. demoleus that successfully developed to adults
in the DS (1.74%) were lower than in the SWS (2.15%)
and in the PWS (3.20%) (Table 1 and Figure 1).
Generally in all seasons showed that mortality (q x) of
the young larvae was lower than the older larvae. The
mortality of the fifth instar larvae in the DS, SWS and PWS
were higher than in other stages. Mortality of the first and
second instars larvae in the SWS and PWS was lower than
the third and fourth instars. Contrarily, the mortality of the
first and second instars in the DS was higher than the third
and fourth instars (Table 1).
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Table 1. Age-specific life table of Papilio demoleus during the three seasons (DS, SWS and PWS) in tropical fruits plantation, Tasek
Gelugor, Pulau Pinang, Malaysia.
X
Egg

L1

L2

D'x
q'x
S
k-value;-[ln(s)]
DS SWS PWS DS SWS PWS DS SWS PWS DS SWS PWS
4
13
21 0.004 0.004 0.011 0.713 0.734 0.743 0.338 0.309 0.297
4
82
78 0.004 0.025 0.039
239 616 297 0.244 0.189 0.149
27 132 100 0.028 0.040 0.050
6
15
17 0.006 0.005 0.009
1
8
2 0.001 0.002 0.001

lx
dxF
DS SWS PWS
979 3261 2000 Failure to hatch
Rain
Predator
Parasitoid
Leaf feeder
Human error
698 2395 1485 Abiotic factor
Rain
Bioitic factor
Predator
Others
Leaf feeder
Human error

294 672

397 1704 976

Abiotic factor
Rain
Biotic factor
Predator

165

6

1

13

62

0.009 0.005 0.042

0.569 0.711 0.657 0.564 0.341 0.420

446 0.421 0.281 0.300

4
2

1

0.002
0.001 0.001 0.001

2

7

429

266

0.416

0.001 0.007

0.584 0.746 0.720 0.538 0.239 0.328

0.252 0.273

L3

232 1272 703

Predator

70

446

262 0.302 0.351 0.373 0.698 0.649 0.627 0.360 0.432 0.467

L4

162 826

Predator
Birds
Praying mantis
C. versicolor
S. dichotomus +
Podisus sp.

39

200

107 0.241 0.242 0.243 0.605 0.538 0.642 0.503 0.620 0.443

25

182

51

Predator
Birds
Praying mantis.
C. versicolor
S. dichotomus +
Podisus sp.

31

148

102 0.316 0.333 0.360 0.306 0.218 0.332 1.184 1.523 1.103

37

199

87

0.378 0.448 0.307

6
2

6
1
1

6
2
1

0.200 0.062 0.064
0.067 0.010 0.021
0.010 0.011

5

19

21

0.167 0.196 0.023

L5

98

444

Pupa 30

97

Adult 17

70

441

283

94

Predator
Birds + C. versicolor
S. dichotomus
Ant
Parasitoid
P. puparum

0.154 0.220 0.116

0.567 0.722 0.681 0.567 0.326 0.348

64
Total killing power (∑k-value)

4.054 3.844 3.442

Note: DS = Dry Season, SWS = Secondary Wet Season, PWS = Primary Wet Season. X = stage of P. demoleus and P. polytes. lx =
initial number of insects. dxF = mortality agents. D'x = number of deaths from different agents. q'x = mortality from different agents. s =
survival. k-value = killing power at each stage. L1 = 1st instar. L2 = 2nd instar. L3 = 3rd instar. L4 = 4th instar. L5 = 5th instar.

Percentages of survival (%)

120

Dry season
Secondary Wet season
Primary Wet season

100
80
60
40
20
0

Egg

L1

L2

L3

L4

L5

Pupa

Adult

Stages

Figure 1. Survivalship curves for Papilio demoleus in each
season in the tropical fruits plantation, Tasek Gelugor, Pulau
Pinang, Malaysia.

Predators, parasitoids, and rain were the important
factors of mortality in immature stages of P. demoleus.
Predators caused the highest mortality in all stages except
the pupal stage. Predation on eggs (24.41%) in the DS was
higher than predatism on eggs in the SWS (18.89%) and in
the PWS (14.85%). In contrast, parasitized eggs and mortality caused by rain recorded in the DS were lower than in
the SWS and PWS (Table 1). Three other mortality factors
such as, failed to hatch, fell onto the ground, and human
error only caused a low percentage of mortality of the eggs.
In general, predator was the main mortality factor in the
larval stage. Predators such as spiders from the family
Salticidae, Oxyopidae (especially Oxyopes sp.) and
Thomisidae contributed significant amount of young larval
mortality of P. demoleus. Insect predators such as Sycanus
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dichotomus (Heteroptera: Reduviidae), Podisus sp. (Heteroptera: Pentatomidae), praying mantis, and Tettigonidae
(mostly in nymphal stages) also played a part in decreasing
the population of younger instars larvae. Assasin bug, S.
dichotomus was the most important mortality factor of the
fourth and fifth instars. Parasitoids however, killed the
pupae of P. demoleus in the SWS and PWS were higher
than the predators. Meanwhile in the DS parasitoids contributed 16.67% mortality of the pupae, lower than predators’
contribution (26.67%). The parasitoid Pteromalus puparum
on the other hand was a major mortality factor for the pupae.
The total killing power (K-value) of immature stage P.
demoleus, in the DS was 4.054, higher than in the SWS
(3.844) and in the PWS (3.442). Among all life stages, the
k-value of the fifth instar of P. demoleus in total all seasons
was the highest, followed by the fourth instar larvae. The
lowest k-value of P. demoleus was in the egg stage. Its
mean that mortality the older larvae were the weakness
stage among the life stage of P. demoleus.

94.39
90.88
84.04

Quantification of mortality factors
During the DS, predators caused higher mortality
(94.39%) of P. demoleus than in the SWS (90.88%) and in
the PWS (84.04%) (Figure 2). However, Table 2 shows
that the percentages of mortality that caused by these
predators in the three seasons were not significantly
different (Friedman test, P = 0.05). Generally, spiders and
ants preferred younger instars (L1-L3) of their hosts. The
nymphs of S. dichotomus, Podius sp. and praying mantis
preyed on young instars also. However their adults usually
preyed on L4 and L5, and the prepupa. Among the
predators, S. dichotomus was observed to be the major
threat to the fourth and fifth instars of P. demoleus. The
garden lizards were often observed to prey on caterpillar.
As they were bigger in size, they preferred the bigger
instars (L4 and L5) and the pupa. Similarly, several species
of birds showed strong size specific preference. Small birds
usually preyed on the younger instars while the bigger
birds took the older larvae, prepupae and pupae.

80

Dry season
Secondary Wet season
Primary Wet season

60

Rain

Mortality Factors

0.62
0.60
0.88

Failure to Parasite Predator
emerge

0.21
0.34
0.15

0

1.04
3.04
7.59

20

3.33
4.73
6.25

40
0.42
0.41
1.08

Mortality (%)

100

Human
error

Leaf
feeder

Figure 2. Percentage mortality of a. Papilio demoleus in the
tropical fruits plantation, Tasek Gelugor, Pulau Pinang, Malaysia
due to various factors.
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Parasitoids caused 3.33-6.25% mortality of immature
stages of P. demoleus (Figure 2). The amount of parasitism
varied during the period of study and the percentages of
mortality of P. demoleus caused by these parasitoids was
significantly different in the three seasons (Friedman test P
= 0.05) (Table 3). During heavy rain, eggs that were
attached to leaves of the host plants were washed to the
ground and subsequently died. The mortalities of P.
demoleus due to rain were significantly different in all
three seasons (Mann-Whitney test, P=0.05) (Table 3).
Although contributions of other three mortality agents
(failure to hatch, human error and leaf feeders) were less
than 2% (Figures 2), they affected the abundance of the
immature population. Perhaps the mortality due to human
error was rather insignificant (0.15-0.69%).
Table 2. The Friedman test percentage of the main mortality factors
of immature stages of Papilio demoleus in different seasons
P. demoleus
Chi-Square
df
sig.
Predators
2.254
2
0.324
Parasitoids
46.265
2
0.000*
Rain
58.772
2
0.000*
Note: Significant values marked with an asterisk ”*” are
significantly different (Friedman test, P < 0.05)
Factors

Table 3. The Mann-Whitney U test on the effect of parasitism and
the rain on Papilio demoleus
DS vs. SWS

DS vs. PWS

SWS vs. PWS

MannMannMannWhitney sig. Whitney sig. Whitney sig.
U
U
U
Parasitism 14709.00 0.000* 16403.50 0.000* 21101.50 0.490*
Rain
16308.00 0.000* 14689.50 0.000* 19226.00 0.010*
Note: Significant values marked with an asterisk ”*” are
significantly different (Mann-Whitney U test, P < 0.05)
Species

Discussion
Survivorship of egg turn to adult of P. demoleus was
varied in various seasons or generations. The similar results
were found on P. polyxenes (Feeny et al. 1997). They
stated that the environmental condition and host plant were
determined the survivorship of those butterflies.
It was obvious that two kinds of natural enemies,
predators and parasitoids were very important in
determining the survivorship of their immature stages in
this study. This two biotic agents were also found to be the
main mortality factors acting upon immature stages of
Hypna clytemnestra (Lepidoptera: Nymphalidae) (GomesFilho 2003) and Iphicides podalirius (Lepidoptera:
Papilionidae) (Stefanescu et al. 2006). The fifth instar larva
of P. demoleus was observed to be longer. Consequently,
they were more exposed to the parasitoids and predators.
The pupal parasitoid, P. puparum injected their eggs in the
late fifth instar larvae, prepupa or freshly moulted pupa,
developed inside the host and finally emerged when these
stages turned to old pupae.
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Predators were the main mortality factor of P. demoleus
in all seasons. In general, mortality by predation was the
highest throughout the stages except for pupae. This result
agrees with (Fenny et al. 1997), where the mortality of
black swallowtail butterfly due to predators was higher
than the amount killed by parasitoids. In contrast, Hawkins
et al. (1997) and Okolle (2007) reported that parasitoids
killed more herbivores than the predators. According to
Hawkins et al. (1997), ecological and biological differences
among herbivores could lead to variations in attack rates by
different types of respective natural enemies.
The presence of many kinds of predators such as
spiders, birds, assassin bugs (Reduviidae), tettigonids,
preying mantis and garden lizard in this orchard resulted in
high predation on the immature of P. demoleus. Variation
in the amount of predation was very much related to the
size of the larval instars. The common predators of young
instars as well as eggs were spider and ants. The spiders
live in the same habitats as the larvae. It was observed that
the small spiders preferred the eggs and the larger spiders
attacked on the larvae. According to Xiushan et al. (2006),
the eggs of B. impediens are easily eaten by spiders,
earwigs, and bugs. During this study the spiders were
observed attacking the eggs and larvae several times.
A small bodied Oxyopidae and Thomisidae presumably
have stronger preference for the first and second instars of
P. demoleus. Oxyopes elegans and O. quadrifasciatus in
the family Oxyopidae were the commonest spider in the
citrus field. Both spiders were very active and attacked the
first and second instars of P. demoleus. Thomisidae and
Oxyopidae have already been identified in agro ecosystem
for a number of years (Evans 1985). According to Pearce et
al. (2004) they ate approximately 9. 37 first instar H.
armigera per spider per day.
Nymph of Manthis, katidid and assassin bugs, attacked
the second and third instar larvae. Older nymphs could
attack the older larvae because of size compatibility.
Sycanus dichotomus (Heteroptera: Reduviidae) displayed
size preference for their preys (larvae). The adults of this
reduviid are the major predator for the fourth and the fifth
instars. They would search for the fourth and the fifth
instars larvae on all citrus seedlings and contributed to 4050% mortalities of these stages. Its nymphs attacked
younger instar in the second and third larval stages.
Sycanus dichotomus fed on larvae by inserting its rostrum
through the cuticle of the larvae and extracted the internal
tissue. After feeding on one larva, it would search for
another. The dead larva changed to black after several
hours. This reduviid is a common and an important
predator of nettle caterpillars and bagworms in oil palm
plantation (Zulkifli et al. 2004).
Birds and the garden lizard (Calotes vercicolor) are
vertebrate predators which attacked the larvae and pupae of
P. demoleus. Small sized birds such as Lonchura spp.
(Passeriformes: Ploceidae), Passer montanus (Passeriformes: Motacilidae), and Prinia familiaris (Passeriformes:
Cisticolidae) usually ate on young larvae. Meanwhile, the
garden lizards feed largely on insects, but they also eat on
other animals. These two vertebrate predators were also
reported to attack the larvae of P. polytes and P. demoleus

in citrus plantation in Lower Sindh, Pakistan (Munir 2004).
According to Catta-Preta and Zucoloto (2003) birds are the
most important natural enemies of Ascia monustae
butterflies and its larvae in cabbage farms.
This particularly citrus plantation in area was not
properly managed. High infestation of P. demoleus and
other butterflies were observed in the study area. These
pests in turn provided ample food supply for the predators.
During the SWS and PWS, weeds and herbaceous plants
grew profusely, supplying food to the herbaceous pests.
Consequently, their population increased during this
season. In the absence of these growths in the DS, the pest
populations declined.
The percentage of larvae of P. demoleus which
successfully became adults in the DS was lower than in the
SWS and PWS. Predators as the main factor in population
mortality of P. demoleus were believed to have an
important role in this phenomenon. Fewer weed
populations around the study area during the DS could
presumably reduce the population of other pest that served
as alternative foods for the predators; hence more larvae of
P. demoleus were taken.
Seasons of the year was observed to indirectly influence
parasitization activities of the parasitoids. Very likely the
activities of the parasitoids were correlated to the availability of food for their adults in their habitat. The floral
resources positively affected on the activity and density of
several parasitoids (Lavandero et al. 2005). During the
PWS, most of the weeds that grew around the field were
flowering and producing nectar. The adult parasitoids fed
on these nectar hence became more active which resulted
in more eggs were laid in their hosts. Further studies by
Gamez-Virues et al. (2008) found that, the nectar of
herbaceous plants added value to the agro-ecosystem
through enhanced population and longevity of parasitoids.
Similarly parasitism of the egg and pupal stage of E. thrax
was higher in subsystem farms and during the wet season
as reported by Okolle (2007). Similar as repoerted by
Zalucki et al. (2002) that, generally, parasitism is a major
cause of mortality in eggs but not for early instar.
Ooencyrtus papilionis and Pteromalus puparum are an
egg and pupal parasitoid, respectively. The females of O.
papilionis oviposite their eggs on freshly eggs laid of P.
demoleus. On certain occasion, the females of O. papilionis
waited for the females of Papilio to oviposit their eggs on
the young leaves and the parasitoids injected the host eggs
as soon as they were laid. Egg parasitoids generally
preferred the new eggs (Fatouros et al. 2005; Okolle 2007).
Pteromalus puparum is a gregarious parasitoid of lepidopterous pupa and attack the fifth instar, prepupa and new
pupa of P. demoleus. This parasitoid caused high mortality
of pupal stage. Earlier studies also found P. puparum in
pupa of many other species of Papilio (Munir 2004).
Quality of host plant could also affect on the survivorship of P. demoleus larvae in the SWS and PWS. More young
shoots and young leaves of C. reticulata were produced
because more rainfall in these seasons. Young leaves
contain higher protein compared to mature leaves. Barron
et al. (2004) found that the population density of Bassaris
gonerilla (Lepidoptera: Nymphalidae) was lower in a low
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rainfall season caused by the lower nutritional quality of
the host plant, Utrica fenox, hence high of larval mortality.
Heavy rain in the wet season significantly contributes
mortalities to egg and young instar of P. demoleus.
According to Feeny et al. (1997) some eggs or small larvae
of P. polyxenes may succumb to drowning or dislodgement
by rain or strong wind. The late instar larvae and pupae
were less affected by rain because they strongly adhered to
the leaves or stems of the host plants. Xiushan et al. (2006)
reported that the hot and dry weather in summer and the
heavy rain in autumn considerably reduce the survival rate
of eggs and larvae of Byasa impediens (Lepidoptera:
Papilionidae). Weather factor (heavy rain and strong wind)
presumably were more detrimental to the young instars,
while natural enemies killed both the young and older
instars of phytophagous insects (Hawkins et al. 1997).
CONCLUSION
The season influenced the survivorship of P. demoleus
in citrus plantation. Papilio demoleus had the highest
survival in the wet primary season (PWS), while the lowest
survival was observed in the dry season (DS). The k-values
were varied in various stages and seasons. Predators were
the most important population regulator of this species in
all seasons. Ooencyrtus papilionis, Seleonopsis sp. and
some of small spiders were the important mortality agents
on the egg stage. The other spiders and Tettigoniidae were
the important mortality agent of young instars while, S.
dichotomus, birds and Calotes vercicolor were the main
mortality agent in older instars. Parasitoid Pteromalus
puparum, attacked and caused the highest mortality in the
pupal stage. Mortality of immature stage of P. demoleus
due to predator was no different in the seasons, whereas
mortality due to parasitoids and rain was significantly
different in each season. Sycanus dichotomus was very
active predator this assassin bug can be use as to control of
P. demoleus in the citrus plantation.
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ABSTRACT
Mangunwardoyo W, Suciatmih, Gandjar I. 2012. Frequency of endophytic fungi isolated from Dendrobium crumenatum (Pigeon
orchid) and antimicrobial activity. Biodiversitas 13: 34-39. The aims of this research was to isolate and study the frequency of
endophytic fungi from roots, bulbous, stems, and leaves of Dendrobium crumenatum Sw. (pigeon orchid) collected from Tanah Baru
housing area, Bogor Botanical Garden, and Herbarium Bogoriense; and to assess for antimicrobial activity against Candida albicans
ATCC 2091, Candida tropicalis LIPIMC 203, Escherichia coli ATCC 25922, Bacillus subtilis ATCC 6633 and Staphylococcus aureus
ATCC 25923. Twelve species of endophytic fungi were identified from 60 samples obtained from D. crumenatum. Guignardia
endophyllicola (anamorph: Phyllosticta capitalensis) were the dominant endophytic fungi. Screening of the anti-microorganism activity
of the endophytic fungi revealed that Fusarium nivale inhibited C albicans and C. tropicalis. All specimens did not inhibit B. subtilis, E.
coli, and S. aureus.
Key words: anti-yeast, anti-bacterial, Dendrobium crumenatum, endophytic.

INTRODUCTION
Endophytic fungi, fungi that associated with plants, can
be found in the root, stem, leaf, flower, fruit and seed,
without any disease or impairness showed by the host.
Zhang et al. (2006) reported that endophytic fungi refer to
fungus colonization in the healthy tissue and it is able to
produce secondary metabolites such as mycotoxin, enzyme,
antibiotic and anti-cancer.
Petrini (1986) classified endophytic fungi into
Ascomycotina, Basidiomycotina, Deuteromycotina, and
Oomycotina, includes genera Cladosporium (Mahesh et al.
2005; Rubini et al. 2005), Colletotrichum (Cannon and
Simmons 2002), Curvularia (Nakagiri et al. 2005),
Diaporthe (Agusta et al. 2005; Shibuya et al. 2005; Agusta
et al. 2006), Fusarium (Bacon et al. 2001), Gibberella
(Rubini et al. 2005), Guignardia (Okane et al. 1998),
Nectria and Pleurotus (Rubini et al. 2005), Phyllosticta
(Okane et al. 2001), and Xylaria (Rubini et al. 2005).
Orchid plants can be hosts for a variety of endophytic
fungi. Rhizoctonia sp. and Xylaria spp. were isolated from
the leaf and root of Lepanthes (Bayman et al. 1997);
Rhizoctonia spp. from root of Anoectochilus formosanus
Hayata and Haemaria discolor var. dawsoniana (Chou and
Chang 2004); Phyllostictina pyriformis Cash and Watson
(syn. Phyllosticta capitalensis P. Hrm.) from Cypripedium
sp., Arundina gramminifolia (Don) Hochr. and
Dendrobium moniliforme (L.) Sw. (Okane et al. 2003).
Orchid is not only valuable from the aesthetic aspect
but also from the medical aspect. People in China,

Mongolia and Japan, use bulbous of Bletilla striata Reichg.
Fil. to cure tuberculosis, bleeding and to relieve scar on
hand and foot. Moreover, they also use these plants to cure
some diseases in appendix. They used the stem of
Dendrobium nobile Lindley for mouth disease, the rhizome
and stem of Gastrodia elata Blume for headache, epilepsy,
rheumatic and sickness (Ming et al. 2003). Chou and
Chang (2004) informed that A. formosanus and H. discolor
var. dawsoniana protect the heart, against cancer,
cardiovascular, and relieve diabetes. Orchid contains
alkaloid and steroid. Alkaloid dendrobine and nobilonine
have been isolated from D. nobile and D. findleayanum Parr;
alkaloid crepidine and stigmastane steroid glycoside have
been isolated from D. crepidatum Lindley (Arditti 1992).
The objective of this research is to isolate and study the
frequency of endophytic fungi from roots, bulbous, stems,
and leaves of pigeon orchid, also to assess for antimicrobial
against Candida albicans ATCC 2091, Candida tropicalis
LIPIMC 203, Escherichia coli ATCC 25922, Bacillus subtilis
ATCC 6633 and Staphylococcus aureus ATCC 25923.
MATERIALS AND METHODS
Plants materials
Roots, bulbouses, stems, and leaves from pigeon orchid
were collected in Bogor’s Tanah Baru housing area,
Herbarium Bogoriense, and Bogor Botanical Garden,
Indonesia. The samples were grown for two years old
plants. The experiment was carried out at the period of
April to November 2007 (in dry seasons).
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Microorganisms
Microorganisms used for production of antimicroorganism were isolated from pigeon orchid. Escherichia
coli ATCC 25922, S. aureus ATCC 25923, B. subtilis
ATCC 6633, and C. albicans ATCC 2091 were gained
from National Quality Control Laboratory Drug and Food,
National Agency of Drug and Food Control, Jakarta,
Indonesia. Candida tropicalis LIPIMC 203 was acquired
from Research Center for Microbiology, Indonesian Institute
of Science, Cibinong-Bogor, West Java, Indonesia.
Procedures
Fungi isolation
The five materials in the size of 10 mm x 5 mm from
top, middle and bottom of healthy roots, bulbouses, stems,
and leaves of pigeon orchid respectively were washed with
distilled water that were used for fungi isolation. Then, the
material were cut into 10 subsamples in the size of 2 mm x
2.5 mm, so there were 50 subsamples for each part of plan.
A total of 200 subsamples were examined (Cannon and
Simmon 2002). The samples were sterilized using 70%
alcohol for 1 minute and 5,3% sodium hypochlorite for 2
minutes and then rinsed 3 times using distilled water,
followed by blotting for 3-4 hours. Direct isolation was
used for 8 subsamples on PDA 50% added with 200 mg/l
of chloramphenicol and incubated at room temperature (2628o C) (Nakagiri et al. 2005).
Fungi purification
Purification was done using single spore isolation
method (Gandjar et al. 1992). Selected specimen inoculated
at PDA slant and incubated for 5 days. Spore suspension
was prepared by adding 5 mL distilled water, scraped and
diluted at 10-3. An amount 0.1 mL of spore suspension was
spreaded on PDA medium incubated in room temperature
(26-28o C).
Fungi identification
Single specimen from endophytic fungi was identified
using the books of Domsch et al. (1980), Ellis (1993) and
Nakagiri et al. (2005).
Inoculum preparation and fungi endophytic enumeration
An amount of 2 mL distilled water was added in the
slant of 7 days olds culture, scraped it and next, rotated it.
The amounts of spore were calculated using Colony
Forming Unit (CFU) (Gandjar et al. 1992).
Inoculum preparation and bacterial or yeast enumeration
The bacteria of B. subtilis, E. coli, and S. aureus were
subcultured using NA medium and were incubated at 37o C
for 24 hours. The yeast C. albicans and C. tropicalis were
subcultured in PDA medium and were incubated at 30 o C
for 48 hours. A total of 5 mL NB and PDB was added,
scraped and rotated. The next step was pouring in the 15
mL NB and PDB, and then be incubated in waterbath
shaker in 90 rpm at 37o and 30oC for 24 hours (Agusta et
al. 2005). The amount of cell was calculated using Colony
Forming Unit (CFU) (Gandjar et al. 1992).
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Screening endophytic fungi that produce antimicrobial
An amount of 2 mL spore suspension of endophytic
fungi (2.4-3.0) x 104 cfu/mL was added to 100 mL
Erlenmeyer that consists of 20 mL medium PDY, and then
incubated in shaker incubator in room temperature (26o-28o
C). Next, the suspension was agitated in 90 rpm for 5 days
(Syarmalina et al. 2003; Agusta et al. 2005; Kumala 2005).
Harvesting the antimicrobial by centrifugation was done by
rotating the suspension in 6000 rpm for 10 minutes
(Prihatiningtias et al. 2005). Supernatant was used as crude
antimicrobial agent for bioassay. The tube with 17 mL of
MH medium was inoculated with 0,2 mL bacterial
suspension B. subtilis, E. coli and, S. aureus (7.1-93) x 108
cfu/mL; C. albicans and C. tropicalis (4.4-6.5) x 107
cfu/mL, was being swivelled for homogenous. The tubes
was poured on Petri dishes and was allowed to solidify.
Kirby-Bauer disc were used to assess the activity of
endophytic fungi (Harmita and Radji 2004). An amount of
50 µl supernatant was dropped onto Kirby-Bauer disk.
Each Petri dish with the MH medium consists of 5 paper
discs. Three of the discs have the supernatant; one of them
has distilled water (negative control). Incubation
environment for bacteria and yeast were 37o and 30o C for
24 hours. The experiment was done in triplicate.
Data analysis
The percentage of colonization species endophytic
samples from roots, bulbouses, stems, and leaves was
calculated using Cannon and Simmons’ formula (2002):
FK = ∑ organ plant colonized by fungi x 100%
∑ organ plant examined
FK = Frequency of fungi colonization
Index of antimicroorganism was used in the parameter
of screening. The clear zone (halo) around the paper disc
was divided by the diameter of the disc. As the result is the
index of antimicroorganism (Sudiana et al. 2001).
RESULTS AND DISCUSSION
Isolation and identification of endophytic fungi
A total of 60 endophytic fungi specimens that consist of
12 species belongs to 9 genera were isolated from pigeon
orchid from Tanah Baru Housing area, Bogor Botanical
Garden, and Herbarium Bogoriense. Two genera belong to
Ascomycotina and 10 species of 7 genera belongs to
mitosporic fungi (Deuteromycotina). The endophytic fungi
were identified as Cladosporium cladosporioides (Fres.) de
Vries, 1952, Cladosporium sphaerospermum Penzig, 1882,
Colletotrichum
gloeosporioides
(Penzig)
Sacc.,
Colletotrichum sp., Curvularia brachyspora Boedijn,
Fusarium nivale (Fr.) Ces., 1895, Fusarium solani (Mart.)
Sacc., 1881, Guignardia endophyllicola Okane, Nakagiri,
and Ito, 2001 (anamorf: Phyllosticta capitalensis),
Pestalotiopsis sp., Scolecobasidium sp., Westerdikella sp.,
and Xylohypha sp.. Guignardia and Westerdikella as a
Ascomycotina. Cladosporium, Colletotrichum, Curvularia,
Fusarium, Pestalotiopsis, Scolecobasidium and Xylohypha
as a mitosporic fungi. Cladosporium, Colletotrichum, and
Fusarium have two species. (Figure 1)
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Figure 1. Microscopic character of endophytic molds isolated from D. crumenatum. A. conidia Cladosporium cladosporioides; B.
conidia Cladosporium sphaerospermum; C & D. conidia & apresoria Colletotrichum gloeosporioides; E & F. conidia & apresoria
Colletotrichumsp. G. conidia Curvularia brachyspora; H. conidia Fusarium nivale; I. conidia Fusarium solani; J. conidia Pestalotiopsis
sp.; K. conidia Scolecobasidium sp.; L. conidia Xylohypha sp.; M & N. conidia & spermatia Phyllosticta capitalensis; O & P. ascomata,
ascus & ascospora Guignardia endophyllicola; Q & R. ascomata & ascospora Westerdikella sp. (1000 X)

The fungi endophytic that was isolated from pigeon
orchid belong to Ascomycotina and mitosporic fungi.
Basidiomycotina and Oomycotina did not isolated during
the research. This is because the medium used for isolation
might not suitable for slow growing fungi and required
some specific growth factors. With the exception of the
genera Scolecobasidium, Westerdikella, and Xylohypha, the
endophytic fungi like Cladosporium, Colletotrichum,
Curvularia, Fusarium, Guignardia (anamorf: Phyllosticta),
and Pestalotiopsis are commonly found and isolated

(Lodge et al. 1996; Nakagiri et al. 2005; Zhang et al. 2006).
Scolecobasidium sp., Westerdikella sp., and Xylohypha sp.
were new information that has been isolated from the
pigeon orchid.
Cladosporium, Colletotrichum, Curvularia, Fusarium,
Guignardia and Pestalotiopsis are not specific host (Petrini
1986). The fungi had been collected from various host with
diferent
plant
and
enviroment.
Cladosporium
cladosporioides isolated from Juncus spp. (Cabral et al.
1993), from Mitracarpus hirtus (L.) D.C. (Pereira and
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Barreto 2004), and from Azadirachta indica A. Juss
(Neem) (Verma et al. 2005); C. sphaerospermum isolated
from Livistona chinensis Rebr. (Guo et al. 2000) and
Chromolaena odorata (L.) King and Robinson (Prashanti
and Kulkarni 2005); C. gloeosporioides isolated from
Rhododendron spp. (Okane et al. 1998), from 11 species of
plants from Nusakambangan, Cilacap and 2 species of
plants from Muara Angke, Jakarta (Nakagiri et al. 2005);
C. brachyspora isolated from Aloe sp., Saccharum, and
Triticum (Ellis 1993); F. solani isolated from Glycine max
L. and Zea mays L. (Domsch et al. 1980); F. nivale isolated
from Agrostis stolonifera L. (Warnke 2003), Festuca
arundinacea Schreb, G. max, and Triticum aestivum L.
(Pettitt et al. 2003); Pestalotiopsis spp. Isolated from
Rhododendron spp., and Pieris japonica D. Don ex G. Don
(Okane et al. 1998), from A. indica (Mahesh et al. 2005),
and Theobroma cacao L. (Rubini et al. 2005).
With the exception of Guignardia, the composition of
endophytic fungi that were isolated from pigeon orchid
(Cladosporium, Colletotrichum, Curvularia, Fusarium,
Pestalotiopsis, Scolecobasidium, Westerdikella, and
Xylohypha) was different from the isolation from orchid
Dendrobium spp. and Lepanthes. Genera Aspergillus,
Penicillium, Pestalotia, Rhizoctonia, and Xylaria that were
isolated from the root of orchid Lepanthes (Bayman et al.
1997); Physalospora from Dendrobium sp.; Phomopsis
orchidophila Cash and Watson from the root, steem and
carpella of Dendrobium atroviolaceum Rolfe; Septoria
selenophomoides Cash and Watson from D. nobile, and D.
phalaenopsis (Cash and Watson 1955).
Frequency of colonization of endophytic fungi
The species and the frequency of colonization of
endophytic fungi isolated from various sources of pigeon
orchid showing various results. The specific and dynamic
environment of the habitat causing various composition
and frequency of colonization on roots, bulbuos, stems and
leaves of pigeon orchid. Okane et al. (1998) reported that
the composition and frequency of a colonization related
with the place and the host condition. Araujo et al. (2002)
recorded that community of endophytic fungi depends on
the interaction of microbial endophytic or any other
pathogen. The existence of endophytic fungi is influenced
by the variation of the season (Halmschlager et al. 1993),
the environmental factors (Clay 1986) and the type of its
host tissue (Rodrigues 1994).
Figure 2 showed the frequency of colonization of
endophytic fungi isolated from pigeon orchid. The high
colonization of G. endophyllicola 28 specimens (4.7%), C.
gloeosporioidese 13 specimens (2.17%) and C. cladosporioides 7 specimens (1.2%). The other colonizations
were lower (0.2-0.3%). Cladosporium sphaerospermum (2
specimens), F. solani (2 specimens), and Xylohypha sp. (2
specimens) (0.3%), Colletotrichum sp. (1 specimen), C.
brachyspora (1 specimen), F. nivale (1 specimen),
Pestalotiopsis sp. (1 specimen), Scolecobasidium sp. (1
specimen) and Westerdikella sp. (1 specimen) (0.2%).
Figure 3 illustrated the result of the frequency of
endophytic fungi colonization that were isolated from the
root of pigeon orchid. Six species of endophytic fungi were
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isolated as C. cladosporioides (4 specimens), C.
sphaerospermum (1 specimen), C. gloeosporioides (1
specimen), F. solani (1 specimen), Pestalotiopsis sp. (1
specimen), and Scolecobasidium sp. (1 specimen).
Frequency of colonization range between 0.7-2.7%. The
highest frequency was C. cladosporioides (2.7%).
Five endophytic fungi were isolated as C.
cladosporioides (1 specimen), C. sphaerospermum (1
specimen),
C.
gloeosporioides
(10
specimens),
Colletotrichum sp. (1 specimen), and Xylohypha sp. (2
specimens). They were isolated from pseudobulbus of
pigeon orchid. The frequency of colonization is varying
with the range between 0.7-6.7%. The highest frequency
was C. cladosporioides (6.7%) (Figure 4).
Five endophytic fungi were isolated as Cladosporium
cladosporioides (1 specimen), C. gloeosporioides (2
specimens), and G. endophyllicola (2 specimens), from the
stem of pigeon orchid. The frequency of colonization was
varying between 0.7-1.3%. The highest frequency of
colonization was for C. gloeosporioides and G.
endophyllicola with 1.3% for each (Figure 5).
Six of endophytic fungi were isolated as C.
cladosporioides (1 specimen), C. brachyspora (1
specimen), F. nivale (1 specimen), F. solani (1 specimen),
G. endophyllicola (26 specimens) and Westerdikella sp. (1
specimen). They were taken from the leaf of pigeon orchid.
The frequency of colonization range was between 0.717.3% with the highest colonization was for G.
endophyllicola (17.3%) (Figure 6).
The frequency of colonization of (4.7%) G.
endophyllicola (anamorf: P. capitalensis) has the highest
value with the specimen that was taken from the leaves and
stems of the pigeon orchid. A similar result was reported
that Phyllostictina pyriformis (syn: P. capitalensi) isolated
from the same part of the plant of Dendrobium
canaliculatum Rebr., D. phalaenopsis Griff. ex Lindley,
and D. undulatum Pers. (Cash and Watson 1955). The
similar specimens were obtained from the orchid of
Cypripedium sp., A. gramminifolia, and D. moniliforme
(Okane et al. 2003), from 64 species and 3 varieties from
Kyoto Herbal Garden (Okane et al. 2003), Rhododendron
spp., from 7 species in Muara Angke, Jakarta, and 12
species in Nusakambangan, Cilacap (Nakagiri et al. 2005).
Screening of endophytic fungi that produce
antimicrobial activity
Only one specimen, which was F. nivale (1.7%) out
from 60 specimens of endophytic fungi were showing the
inhibiting growth of C. albicans and C. tropicalis. Index of
antimicroorganism was C. albicans (1.7 ± 0.02) and C.
tropicalis (1.3 ± 0.06).
Filtration of F. nivale showed potential antibiosis
activity for human pathogen. The microbial effect of the
fungus F. nivale during the attachement with the host plant
or during saprophytic produced mycotoxin of nivalenol and
fusarenon-x (Ueno et al. 1973), and deoxynivalenol (DON,
vomitoxin) (Logrieco et al. 1991). Strobel and Daisy
(2003) informed that Fusarium sp. that was isolated from
Selaginella pallescens (Presl.) Spring produced pentaketide
that gave antiyeast effect against C. albicans.

Freq. of colonization (%)

Figure 2. Frequency colonization of
endophytic fungi of D. crumenatum.

Figure 5. Frequency colonization of fungi
endophytic from steem D. crumenatum.

Freq. of colonization (%)

Freq. of colonization (%)
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Figure 3. Frequency colonization of fungi
endophytic from root D. crumenatum.

Figure 4. Frequency of colonization of
endophytic fungi from pseudobulbus of D.
crumenatum.

Freq. of colonization (%)

Freq. of colonization (%)
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Figure 6. Frequency colonization of fungi
endophytic from leaf D. crumenatum

The inability of other fungi to inhibit the growth of B.
subtilis, C. albicans, C. tropicalis, E. coli, and S. aureus,
might be caused by the fact that the fungi did not produce
antimicrobial secondary metabolites against bacteria or
yeast. And also, it might be caused by the very low
concentrations of the secondary metabolites (50µl/disc).
The other possibility is that the endophytic fungi have
secondary metabolites that give different function such as,
anticancer, antimalaria, antioxidant, and precursor.
Pestalotiopsis spp. isolated from Taxus wallichiana Zucc.,
produced taxol that has the ability as antitumor (Mahesh et
al. 2005), Pestalotiopsis sp. associated with Torreya
taxifolia Arnot, produced ambuic acid as antifungi (Zhang
et al. 2006). Pestalotiopsis microspora (Speg.) Batista
produced pestacine and isopestacine as antifungi and
antioxidant (Zhang et al. 2006). Colletotrichum sp. was
isolated from plant Artemisia annua L., that produced
secondary metabolite artemisine which has a potential for
antimalaria (Strobel and Daisy 2003), antibacteria to Grampositive B. subtilis, S. aureus, and Sarcina lutea, Gramnegative Pseudomonas sp., and antifungi to Phytophthora
capsici Lionian, Rhizoctonia cerealis Van Der Hoeven,
Gaeumannomyces
graminis
var.
tritici,
and
Helminthosporium sativum Pammel, King and Bakke (Tan
and Zou 2001). Phyllosticta sp. (teleomorf: Guignardia)
isolated from plant Abies balsamea Miller, produced

heptelidic acid and hydroheptelidic acid that has a toxic
effect for larvae Choristoneura fumiferana (Tan and Zou
2001). Guignardia sp. associated with Spondias mombin
L., produced precursor guignardic acid (Zhang et al. 2006).
Alkaloid asperfumoid, aspernigrine A, and aspernigerine
isolated from Cladosporium herbarum (Pers.) Link ex S.O.
Gray interaction with Cynodon dactylon K. Nov. which are
able to inhibit C. albicans and cancer cell (Zhang et al. 2006).
CONCLUSION
Twelve species of endophytic fungi have been isolated
from 60 specimens of root, bulbous, stems, and leaves of
D. crumenatum, namely Cladosporium cladosporioides, C.
sphaerospermum, Colletotrichum gloeosporioides, Colletotrichum sp., Curvularia brachyspora, Fusarium nivale, F.
solani, Guignardia endophyllicola (anamorf: Phyllosticta
capitalensis), Pestalotiopsis sp., Scolecobasidium sp.,
Westerdikella sp., and Xylohypha sp. The dominant
endophytic fungi was G. endophyllicola. Fusarium nivale
was able to inhibit the growth of C. albicans and C.
tropicalis with antimicrobial index of 1.7 ± 0.02 and 1.3 ±
0.06, respectively. However, others specimens did not
inhibit the tested bacterial, which are Gram-negative E. coli
and Gram-positive B. subtilis and S. aureus.
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ABSTRACT
Hariyadi B. 2012. Jambak Jambu Kalko: Nature conservation management of the Serampas of Jambi, Sumatra. Biodiversitas 13: 40-45.
Serampas is an indigenous group that still inhabits forested areas around the Kerinci Seblat National Park (KSNP) in the island of
Sumatra, Indonesia. The group has occupied the area since several centuries ago, long before the KSNP was officially proclaimed as a
national park. The blending of local natural conditions, socio-cultural setting and cosmology has gradually produced a number of local
wisdoms and practices to manage the local natural resources. The Serampas traditional resource management practices were not only
friendly to the environment, but also encourage the more equitable distribution of natural resources among the members of the Serampas
community. Jambak jambu kalko is literally means a list of locally important perennial fruit tree species protected by the Serampas
customary system. Beyond the jambak jambu kalko the Serampas also recognize customs, traditions, and values that have important role
in managing the local natural resources.
Key words: nature conservation, local ecological knowledge, Jambi, Sumatra.

INTRODUCTION
Traditional natural resource management practices have
emerged as a community accumulates wealthier knowledge
about the associated resources around them. In this case,
people who continually interact with their surroundings
tend to have a deep knowledge related to the resources
(Gadgil et al. 1993; Berkes and Folke 2001). Communities
who frequently faced with many challenges tend also to
have more local knowledge than those who are rarely
confronted with such critical periods (Berkes and Folke
1998). For example, people who inhabit small islands will
soon feel the negative impact of natural resource
management they did compared to their cohorts who
inhabit larger islands. A number of traditional natural
resource management model have evolved from such small
island communities.
Traditional natural resource management is usually
done in an integrated manner, involving various
components of ecosystems, including socio-cultural aspects
of the local community. For example is the sasi, practiced
by people in the Moluccas islands in eastern Indonesia. The
sasi is a traditional institution that regulates exploitation of
natural resources, especially fishery resources. The
implementation of sasi over generation has confirmed that
the system is sustainable (Zerner 1994), although the
practice of sasi is disappearing in some part of the islands
(Harkes and Novaczek 2002). Indigenous people of Bali
have developed Subak; a traditional institutional system

that is established mainly to manage water distribution in
paddy fields (Windia 2002). In the islands of Hawaii, local
people recognize ahupua; a concept of traditional natural
resource management which involves all elements of the
islands landscape, ranging from the oceans, coasts, to
mountain peaks. The natural resources are managed as an
integrated entity, not just in ecological means but also in
terms of social, culture, and spiritual values (Costa-Pierce
1987; Kaneshiro et al. 2005).
The traditional natural resource management models
are still widely known and practiced by a number of
traditional societies in many regions throughout Indonesia,
including the Serampas. This community occupies the
forested area on the outskirts of Kerinci Sebelat National
Park. Their livelihoods mainly rely on the shifting
cultivation. The practice of the traditional farming system
over generations has confirmed that the system is not only
sustainable, but also encourages a more equitable
distribution of wealth and resources for all members of the
Serampas society. However, traditional society as
Serampas is not a static community (also see Cox 2000;
Gomez-Baggethun et al. 2010). A number of development
initiatives and changes in the surrounding regions have
exposed the Serampas to the modern lifestyle. As a
consequence, traditional values have gradually undermined
and replaced by new values adopted from and promoted by
outsiders. It is therefore urgent to understand the local
knowledge and practices of natural resource management
performed by the Serampas, particularly related to

HARIYADI – Nature conservation of the Serampas, Jambi

biological conservation, before they vanished and replaced
by ubiquitous modern introduced values and practices. The
reseach aim to reveal the Serampas knowledge, values, and
traditions associated with natural resource management.
MATERIALS AND METHODS
The study was conducted at the Serampas society in the
District of Merangin, Jambi (Sumatra), Indonesia (Figure
1). This research is a part of research project that examines
the overall resource traditional management performed by
the Serampas (see Hariyadi 2010). Local knowledge
related to the management of biological resources was
collected from the Serampas society; particularly those
who live in the village of Tanjung Kasri and Renah
Kemumu. Some additional information obtained from the
other Serampas villages namely Renah Alai, Rantau
Kermas, and Lubuk Mentilin. The study was mainly
conducted between July 2005 and March 2006. Additional
short visits were performed in 2008 and 2009.
The data was collected by conducting in-depth
interviews to a number of respondents who have affluent
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knowledge of local customs and traditions associated with
natural resource management. Respondents consisted of
village officials, community leaders, traditional leaders,
healers, and the common people. The number of
respondents who were interviewed as many as 51 people
consisted of 15 respondents in the village of Tanjung Kasri,
21 respondents from Village Renah Kemumu, and 15 other
respondents were government officials, and the staffs of
KSNP and some NGOs. The respondents were selected by
employing snowball method (see Bernard 2002), starting
from the village head. In doing the snowball respondent
recruitment, some respondent suggested more than one
respondent for the next interview stage. In this case I made
a clarification on which respondent is the strongest
recommended. Part of the interview was conducted back
and forth meaning that interview to particular respondent
was done more than once in order to clarify or to dig more
information based on information obtained in earlier
interviews.
In addition to the above interviews, information is also
collected through participatory observations. I followed
and actively involved in a variety of daily activities

Figure 1. Serampas homeland in the southwestern of Sumatra, Indonesia.
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undertaken by the community, for example by participating
to work in the local people fields. I also took apart in
various traditions and rituals performed by local people
such as selamatan ruso (a ceremony to celebrate someone
who succeeds in hunting deer), negak rumah (establishing
a house) and kenduri psko (after rice harvesting fest). The
collected information was verified through triangulation
over different sources, place, and time. A number of plant
specimens emerged from interviews were collected and
then sent to Herbarium Bogoriense for identification
purposes. Classification and naming of the collected plants
carried out following the Index Kewensis online available
at the web site of the International Plant Name Index
(www.ipni.org). The collected data were analyzed
qualitatively.
RESULTS AND DISCUSSION
Serampas communities and the forests
The livelihoods of Serampas primarily sustained by
agriculture, especially rice fields planted with sedentary
farming systems (shifting cultivation). Following Soedjito
(2005), in this paper the authors use the term perladangan
daur ulang (recycled upland rice farming) to indicate that
this farming system is basically a sustainable upland
agricultural system. A small percentage of the Serampas
population grows rice in paddy fields, especially in villages
that have a fairly extensive wetland such as in the village of
Renah Kemumu. In the 1970's, cinnamon cultivation began
to develop in Serampas, following the same practice,
performed earlier by the people of Kerinci, an adjacent
district to the Serampas. Besides rice and cinnamon,
Serampas also use the forests around them to meet their
various needs, including timber and non-timber forest
products such as rotan sendahan (Khortalsia sp.), asal
(Elaeocarpus stipularis), and bungkul (Stelechocarpus
burahol).
In the eyes of Serampas, besides being a land reserve
that could be used for agricultural purposes in the future,
the forest is also a resource to meet various needs,
including immaterial needs such as maintaining ecological
functions, socio-cultural activities, and psychological
needs. For the last purpose, forests provide comfort and
entertainment that enable people to escape and get rid from
fatigues and stresses emerged from life tension. For
example, when some one under stress due to disputes with
his/her family or neighbors, s/he feels enlightened after
exploring the local forests for a while.
Land tenure
Most of the existing land at Serampas is recognized as
common property, which is managed according to
customary rules. The adat (local customary instution)
controls and manages almost all the land in order to ensure
that everyone can get enough land for both agricultural and
residential purposes. All members of the community have
the right to utilize the land, but they are not allowed to
privately own or sell the land. Any land that is not tilled;
including rapohen (fallowing shrub land) by itself would be

owns and controls by the adat. People outside Serampas
can also farm on Serampas lands, but in order to obtain
permit to cultivate the land, ones must perform ngisi adat, a
ritual aims to culturally receive and bless a new resident
join the community Serampas.
However, the adat of Serampas forbids residents to
plant tree cash crops, such as cinnamon in the upland rice
fields, especially in the hamlets that highly rely on shifting
agriculture to meet their needs of rice, such as in the village
of Tanjung Kasri. With this kind of rule, a fallowing
shifting upland rice fields eventually became rapohen. With
in this stage, soil fertility will gradually recover and after
some years the rapohen is ready to be reopened to grow
upland rice. According to the Serampas, it takes at least
four years for the rapohen to restore its fertility. By the
time, rapohen is ready to be re-cleared for upland rice
farming. However, in reality, people usually open old
rapohens (more than ten years old) for their shifting
cultivation.
Differ from the above upland, wetlands since the
beginning of the formation is already regarded as private
property. Ownership of this wetland can be passed to
children and grandchildren. Most of the wetlands were
developed by previous generations who then passed down
to their posterities.
In terms of ownership, Serampas classifies assets into
two main categories: harta berat (heavy assets) and harta
ringan (light assets). Harta berat is property which is
inherited only to the female lineage. Rice fields and houses
are included in this harta berat category. While the harta
ringan is comprised of wealth bequeathed to the male
lineage. Various types of plants in the garden or fields and
also farming tools, both for farming and for other purposes
fit into the category of harta ringan. The grouping of assets
into harta berat and harta ringan is also recognized by the
people of Kerinci (see Watson 1992 and Neidel 2006).
Serampas conception of property ownership is more or less
influenced by the Minang community, where they
recognize the concept of pusako tinggi and pusako rendah
(see Rahardjo et al. 2004). Pusako tinggi is assets obtained
by inheritance from their ancestors, while the pusako
rendah is properties acquired from a person's efforts during
his lifetime.

Harta berat
(Heavy property)

Harta ringan
(Light property)

Inherited to female
lineage

Inherited to male
lineage

Example: rice fields,
house, garden, etc.

Example: farming
tools, various crops
(excluding the land)

Figure 1. The classification of Serampas property
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Of all the villages in the Serampas region, Renah
Kemumu is the village that has the most extensive wetland.
Total area of rice fields in this village is relatively stable at
about 20 hectare over time. On the other hand, the number
of heirs who is eligible to till fields continues to grow. If
the wetland is distributed to all heirs, then the rice acreage
will be divided into a large number of small parcels.
Farming on such small parcels is not only complicated but
also inefficient.
To overcome the condition, the Serampas implement a
system of ganti gilir (rotating tenure); cultivation of
wetland rice fields is rotated among the eligible heirs in
order to maintain integrity of their wetland. In this system,
each heir still has the same opportunity to work on these
fields. Generally, an heir gets his/her turn to work on
particular field once in two or three years, depending on the
number of heirs of the land. Those who do not get turns to
work on the fields usually cultivate upland rice by clearing
rapohen.
Ganti gilir system that provides land use rights for a
period of time is a solution to distribute the limited wetland
fairly, without having to break it down into small parcels
(fragmentation). By keeping the minimum wetland size,
rice cultivation can be done more efficiently. Burgers
(2004) argues that ganti gilir system is an effective way to
manage the wetland in a sustainable manner.
The process to obtain land for farming usually begins
shortly after a couple started their married life. In the
wedding ceremony, after the couple has been inaugurated
customarily, local customary leaders and orang tuo (elders)
perform ajum arah, a tradition to advise to newlyweds
about various things that need to be prepared to initiate
marriage life. They also guide, direct, and inform the
newlyweds about a number of vacant lands (rapohen) that
can be cleared to cultivate upland rice. The ritual of ajum
arah also encourages the new couple to immediately
establish a house that is separated from both parents.
In choosing a site that will be used for rice farming,
people consider the physical condition and fertility of the
land. In addition, people usually perform melambeh,
especially if the forested land that will be cleared is
categorized as rimbo gano (primary forest). Melambeh is
performed by cutting a small portion of the forest will be
cleared, its size approximately 10 by 10 m. Melambeh plot
is usually placed in a location that can be seen easily and
by people who walk through the forests. The existence of
melambeh plots in the midst of rimbo gano informs that the
parcels of forest surrounding the melambeh plots has been
titled by someone and will be opened soon, usually in less
than three months. Melambeh is temporary land recognition
so that others no longer have rights to open or farm
forested land around the melambeh plot. If within three
months the forested land around the melambeh plots is not
being opened, with its own the status of the melambeh land
become void and no longer recognized customarily.
Furthermore, the forested land re-belongs to the adat and
everyone has a right to open and cultivate the land.
According to the Serampas worldview, melambeh is not
just to inform people about a plan to clearing forests for
farming. More than that, melambeh tells all creatures,
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including the invisible creatures, about ones intention to
open a parcel of forested land. By doing melambeh, people
seek to get a blessing, both from the villagers and the
various creatures that inhabit the forest that will be opened.
During the three month period of the melambeh, people
frequently take a handfuls of soil from the melambeh plot
then bagged, taken home and placed it under their pillow in
order to improve their sensitivity to communicate with
unseen creatures.
Within the melambeh period, the presence of negative
signs such as nightmare is understood as complaints from
unseen creatures that inhabit the forests. The existence of
unclear diseases that suffered by people who will open the
forest also indicates a similar objection. Such diseases
commonly experienced by people who open up sacred site
areas, such as the forest around the ancestor’s shrine.
In responding the negative signs, people usually leave
the forested land and seek other forest areas for their
farming. However, people can still open the forest that
originally wanted, but before clearing the forest, he has to
perform ngisi tanah, a ritual to ward off unseen creatures
that wait for forests to be opened. This ritual is performed
by local orang tuo. The absence of negative signs indicates
that the entire components of nature bless one's intentions
to open the forest.
Forest protection and water resources
The concept of protected forests is not only known in
the modern conservation principles. A number of
traditional communities, including Serampas, have already
recognized and applied the concept of protected forest long
before the conservation of forest resources is widely known
and promoted throughout Indonesia. The forested lands
targeted for protection are forests that traditionally
recognized as catchments area for local rivers. Therefore
protected forest areas are commonly known as ulu ayi
(upstream river). Later, the term hutan adat (customary
forests) is more popular and replace the term ulu ayi,
especially after the coming of several NGOs involved in
the implementation of the KSNP Integrated Conservation
Development Project.
In general, hutan adat is a forest that has never been
cleared for farming. However, some secondary forests that
used to be farmed were also included in the category after
local residents experienced the ecological impacts
(disaster) of clearing such forested land. In addition to
water catchments areas, hutan adat also includes steeped
forested areas that prone to erosion and landslides. Forest
areas around sacred sites such as ancestral graves, are also
recognized as protected forest, although they are not
included in the category of ulu ayi.
The protection of ulu ayi ensures the availability of
water either to meet domestic needs or to irrigate the rice
fields. A number of restrictions are applied in this hutan
adat. For example, people are not allowed to urinate in the
upstream river. Residents are also prohibited to open the
area of hutan adat. However, they are allowed to take some
forest products including timber but only for their own uses
(not to be traded). Although timber extraction is allowed,
hutan adat is not the major source of timber. People can
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Table 1. Potential nature conservation of some Serampas traditions
Traditions

Conservation and social implication

Protection of Jambak Jambu Kalko





Promotes regeneration of locally important fruits
Conserve some wildlife associated with the fruits
Assures food security

Banning of picking unripe duian (Durio zibethinus)





Promote the recruitment and regeneration of the durian
Conserve some wildlife associated with the durian
Promote an equal distribution of the durian among the local people

Protection of hutan adat (customary forest)






Conserve fragile landscape
Provide ecological services, especially water for irrigation and domestic use
Conserve local biodiversity
Promote food self-sufficiency

Banning of planting tree cash crops in shifting
cultivation fields





Promote sustainable cycle of shifting cultivation
Reduce pressure on old-growth forest
Promote more equal access to the land for farming

still find some good wood in other forests, such as from the
rapohen and rimbo gano. Furthermore, cutting timber in
hutan adat is at risk and difficult because most of hutan
adat usually stretched on steep lands. The conservation
implication of the Serampas traditions is briefly presented
in Table 1.
Conservation of local important useful plant
Adat of Serampas controls a number of locally
important perennial fruit tree species called jambak jambu
kalko. Adat prohibited villagers from cutting trees of the
jambak jambu kalko wherever they grew, even if they grew
on one’s own farm. The tambo anak, an adat document
from Renah Kemumu updated in 1969 (Neidel 2006), listed
some species of jambak jambu kalko including durian
(Durio zibethinus Murr.), petai (Parkia speciosa Haask.),
juwo (Syzigium sp.), buah kereh (Aleurites mollucana
Wild.), payang (Pangium edule Reinw.), bungkul
(Stelechocarpus burahol Hook. f. & Thoms.), enau
(Arenga pinnata Merr.), seri (Ficus tinctoria G. Forst. f.),
sirih (Piper betle L.) and gambir (Uncaria gambir Roxb.).
Some other fruit species, such as jambu aye (Syzygium sp.)
and nangko (Artocarpus heterophyllus Lam.) were also
regarded as jambak jambu kalko although they were not
listed on the tambo anak. People of Serampas confirm that
the jambu kalko fruits benefit not only people, but also
other creatures including birds (Hariyadi, in press).
Durian is one of the most the most prized fruit in this
area. The local customary law prohibits people from taking
the unripe durians. People had to allow the fruit to ripen
completely and fall down naturally. The law endorsed
fairer distribution among villagers of the fruit that mostly
grows in secondary forests. From an ecological
perspective, the law allows seedling recruitment to
maintain population of the durian in the village. Allowing
the durian to fall of its own accord also permits some
mammals to enjoy the fruit, and more importantly, disperse
its seeds throughout the local forest. Failing to obey the
law, one would be charged one chicken and a gantang of

rice. The people of Sama Dua in northwestern Sumatra
shared a similar customary rule dealing with the durian
(e.g., McCarthy 2005). Rather than enforcing a sanction
with fines, Sama Dua attached a social stigma (malu, or
shame) to breaking such a strongly held norm of village
life. A villager would lose his credibility in his community
by selling unripe or inedible durian or picking durian from
a tree. The customary law elicited a good reputation for the
durians from Sama Dua and the villagers enjoyed high
appreciation and good prices for their durians in the nearby
provincial town.
The Serampas traditional natural resource management
practices bear some values that can be further developed to
promote nature conservation in the region. However,
Gilchrist et al. (2005) warn that the traditional system
should be treated with caution due to the lack of scintific
judgment. To address the weaknes, Moller et al. (2004)
suggest combining traditional practices with scientific
perspective in order to asses the scientific perspectives of
the traditional system while maintaining support and
participation from the local people. Drew and Henne
(2006) argue that the collaboration could reduce the
extinction threats of plant and animal on earth.
CONCLUSION
The Serampas customs and traditions obviously play
important role in the management of local natural resources
although they are not intended to direct the natural resource
management. The Serampas traditional natural resource
management system attaches to some values including a
view that nature is an integrated entity that should be
treated comprehensively, the spirit of togetherness (social
justice) and the connection with ancestors (spiritual values).
The application of traditional resource management system
as the case of Serampas is not only in accordance with the
principles of biological conservation but also encourages
more equitable access and distribution of natural resources.
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ABSTRACT
Adiwibowo A, Sulasmi IS, Nisyawati. 2012. The relationships of forest biodiversity and rattan jernang (Deamonorops draco)
sustainable harvesting by Anak Dalam tribe in Jambi, Sumatra. Biodiversitas 13: 46-51. Conservation of tropical trees can be achieved
if supported by the sustainable use of forest by community live nearby through harvesting of non timber woods, for instance rattan.
Furthermore, rattan jernang individuals and trees have significant associations. Therefore, objective of this paper was to investigate the
utilization of rattan jernang (Deamonorops draco Wild) related to the forest tree biodiversity by Anak Dalam tribe in several villages in
Jambi, Sumatra. The study has identified that populations of Deamonorops draco were varied among villages, ranged from 40 to 71
clumps in the forests and up to 500 clumps in plantations. Moreover, 73 individual trees consisted of 32 species were identified as rattan
host and conserved by the community. Dialium platyespalyum. Quercus elmeri, and Adinandra dumosa were rattan host trees with the
highest populations. Meanwhile, a biodiversity of non-host trees consisted of 30 individual trees from 16 species. Interviews revealed
that traditional harvesters have acknowledged that trees have significant important ecological roles for the rattan livelihood and therefore
it is very important to conserve the forests for the sustainability of harvest in the future. Furthermore, to secure the availability of rattan,
the traditional harvesters had started rattan plantation.
Key words: biodiversity, harvest, rattan, trees, tribe.

INTRODUCTION
Major causes of climate change are massive
deforestations. Loss of forest stands will lead to the
decrease of carbon dioxide sequestrations and followed by
carbon emissions to the atmosphere. The accumulation of
greenhouse gasses then will affect the global climate.
Consequently, increased precipitation is most likely, rain
will tend to run off more, and infiltrate soil less, thus
leading to drier soils in the forest (Meretsky and Moore
2009).
A solution to mitigate the impact of climate change is
by shifting to the non timber products. This practice has
significant advantage because it does not affect the carbon
sequestration ability in the forest since it requires less tree
stands. Therefore, non timber harvest practice will
conserve forest biodiversity and increase carbon stocks.
Rattan has been known and widely used as non timber
forest products (NTFP) (Oteng-Amoako and Ebanyele
2001). Rahayu et al. (2007) reported the utilization of
various rattan species for making handicrafts. However,
Deamonorops draco is different to other rattan species that
have been used for NTFP. Commonly, rattan was logged
for its stems for further processed into furniture, basket,
and serving trays. In contrast, the utilization of this species
is only based on the extraction of the resin (known as

jernang) from its fruit. Furthermore, D. draco is strongly
correlates with the floral diversity of the surround forest
and depend on the host trees for climbing purpose
(Langenheim 2003). Therefore, the use of D. draco for
NTFP has positive ecological impact because it only
require fruit collecting and thus can promote forest
biodiversity. Likewise, D. draco can provide microhabitat
to wildlifes, for example woodpeckers (Styring and bin
Hussin 2004), and as woody species, it can increase carbon
sequestrations (Snitzer and Bongers 2002).
Due to its diverse application, D. draco has been overexploited. Because of its overexploitation and excessive
trades, rattan jernang was identified as potentially
threatened amongst the 22 species in the Workshop of
Specialist Ethnobotany and Economic Botany In 1997.
Excessive logging of rattan host trees, cutting directly the
rattan stems, and collecting rattan fruits in high frequency
have caused this species listed as vulnerable species and
also cited in IUCN Red List (Gupta et al. 2008).
To augment this body of work, this paper tested the
hypothesis that the utilization of rattan jernang (Deamonorops draco) will contribute to the forest biodiversity.
Furthermore, several objectives are formulated to test that
hypothesis, they are as follows : (i) To compare the
availability of Deamonorops draco in the wild and from
plantation; (ii) To measure resin productions and prices
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non host trees biodiversity; (iv) To describe some
important contributions that Anak Dalam tribes have
recently made, applying their traditional conservation
knowledge’s and practices to the sustainable utilization of
D. draco.

MATERIALS AND METHODS
Study area
The data for this study was collected from four villages
(Figure 1) inhabited by Anak Dalam tribe in three districts
of Jambi Province, Sumatra from January to February
2011. The villages were located in district of Batanghari,
Sarolangun, and East Tanjung Jabung that of 40
households with ∼250 persons designed as respondents.
The specific name of the villages were (i) Jebak
village, Muara Tembesi sub-district, Batanghari district, (ii)
Mersam village, Mersam sub-district, Batanghari district,
(iii) Sipintun village, Pauh sub-district, Sarolangun district,
and (iv) Rantau Rasau village, Berbak sub-district, East
Tanjung Jabung district, Jambi province.
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Rattan wild population and host trees data were
collected from field surveys in the forest near the tribe’s
villages with altitude 20 m above sea level. Geographical
locations were 103º5’-103º15’ East longitude and 01º40’01º50’ South latitude. Temperature in the sites ranged from
20-29ºC with humidity ranged from 81-87%.
Communities based D. draco plantation were located
and concentrated near their villages. The seeds were
collected from fruits that harvested from wild populations.
Rattan seeds sowed flatly in the fields. Seedlings are ready
when rattan seed is germinated. After that seedlings were
moved to the nursery sites with fertile media until they are
ready to be planted (7-9 months).
Procedures
Materials used and collected in this study were plant
specimens. For all sites, voucher specimens, of all tree
species were collected and identified. The vegetations were
surveyed by establishing 50 randomly located 10 m x 10 m
quadrates (Ban et al. 2005). Species and number of
individuals of rattan and host trees were recorded. These
procedures were conducted in order to estimate rattan
jernang individual (Deamonorops draco ) availability along

D

A

B

C

Figure 1. Locations of four Anak Dalam community tribes. A. Mersam village, Mersam sub-district, Batanghari district, B. Jebak
village, Muara Tembesi sub-district, Batanghari district, C. Sipintun village, Pauh sub-district, Sarolangun district, and D. Rantau Rasau
village, Berbak sub-district, East Tanjung Jabung district, Jambi province.
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Availability and economy of rattan jernang
The mean values of Deamonorops draco clumps from
wild populations was lower than from plantation in every
villages (Table 1). However, high standard deviation from
plantation data indicates that clumps were absent in several
villages. Conversely, wild rattan clumps were distributed
among villages even though the numbers were varied.

Other

Type of Income Sources
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Data analysis
The data collected from the survey, both for biological
aspect data (rattan clumps, trees) and socio data were
analyzed descriptively, mainly by means and percentages,
summarized and presented in tables and bar graphs where
necessary. The statistical measurement was based on
comparison of the mean and standard deviation values.

60%

Rattan

with trees biodiversity and the availability of D. draco in
the wild and from plantation . To describe characteristics of
rattan harvesting by local community, rattan harvesters and
villagers (250 persons) from the tribe were interviewed
with questionnaire focused on the local knowledge
regarding the rattan harvest practices, rattan host trees,
resin extraction methodology, agriculture practices,
revenues, and resin productions (Garcia-Fernandes and
Cascado 2005).
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Table 1. Mean and standard deviation of rattan clumps from wild
population and plantation in Jambi
Wild population

Plantation

Mean

58.25
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Standard Deviation
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Figure 2. Comparison of Deamonorops draco clumps in the wild and
from plantation in every Anak Dalam tribes villages at Batanghari,
Sarolangun, East Tanjung Jabung districts, Jambi Province

Figure 4. Average resin production and price within Anak Dalam
tribes villages at Batanghari, Sarolangun, East Tanjung Jabung
districts, Jambi Province

Village at Mersam, Batanghari district has highest wild
population and Batanghari was the lowest one (Figure 2).
Variability of D. draco among sites are related to the
several abiotic factors (Siebert 2005). According to the
altitude, location of the site, which is in the lowland
elevation (20 m above sea level) can increase rattan
populations. Snitzer and Bongers (2002) reported that
rattan abundance thought to peak in low altitude and
decrease in higher altitude (Ban et al. 2005).
The availability of D. draco among those villages has
provided significant contributions to the Anak Dalam
tribes. Likewise, figure 3 revealed that Non Timber Forest
Products were dominant income sources for the tribes.
Furthermore, harvesting rattan resin has become major
activities for them. These results are consistent with
Banjade and Paudel (2008). The NTFP can yield
significantly higher level of incremental benefits,
especially through rattan harvesting.
Figure 4 confirmed that resin productions and prices
among villages were different. Differences in price related
not only to the resin production but also due to rattan
availability. Important factors that can affect the price are
supply and demand. As reported by Singh et al. (2004), it is
common situation when supply from the wild resources is
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unable to meet local demand. This can lead in the
shrinkage of wild population and thus put the gene pool
diversity under threat. As a consequence, price will
increase. For instance, low population in Batanghari
(Figure 2) may lead to the decrease in resin production and
thus resulted in the higher price compare to other villages
considering the high demand. Even though high price can
provide the community harvesters with significant income,
yet, it is common that the harvesters almost no access to
financial capital and low managerial capacity (Aquino and
Adriano 2006). In fact, community-based NTFP harvesters
have not been the priority sector for the financial
institutions (Kunwar et al. 2009).
Shortage of supply is not the only important factor that
could affect the prices. The disparity of resin production
among villages was also related to the differences of
harvesting skills across the members of Anak Dalam tribes.
Since numbers of rattans were isolated in remote area, it is
almost impossible to impact knowledge of rattan jernang
from all aspects ranging from physiology through
harvesting, value addition, and chemical constituents. The
diversity of income sources may indicate some portions of
community were not received the knowledges. According
to Banjade and Paudel (2008), traditionally knowledge
available locally is usually preserved in the minds of
limited number of tribe members and is not shared to the
next generations.
Rattan jernang host tree biodiversity
Table 2 confirmed approximately 32 species trees with
73 individuals had been conserved by harvesters because
those species were rattan host trees. Trunks and stems of
intact trees that required by rattan for climbing purposes
have reduced the elimination of surrounding vegetations by
harvesters (Singh et al. 2004). Therefore, numerous trees
species found within the forests related to the tribe
activities that were emphasized on the harvesting of NTFP.
Since harvesting rattan resins become more popular
(Figure 3) and profitable (Figure 4), conservations of host
trees become important. Significant income from rattan
resin has lead to the protection of trees instead of logging.
Compare to other NTFP, rattan requires less intensive
management, as a result there is less interference with the
natural product of forest recovery. Hence, forest
biodiversity can be preserved.
Figure 5 revealed that there were several non-host tree
species also besides host trees. The current presence of
non-host trees indicate the absence of logging practices
since harvesting resin is more profitable. The deforestation
can be reduced and avoided since the community can yield
incomes from non timber forest products. Population of
host trees that higher than non-host trees can promote
biodiversity of forests. Since rattan depend in many species
trees, then, it will lead directly to the protection and
conservation of those trees (Dovie 2007; Jones and Lynch
2007).
The current trees biodiversity related to the forest
harvested for rattan in this study is consistent with study by
Garcia-Fernandes and Cascado (2005). They confirmed
that the structure of the rattan induced forest was similar to
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that of the intact forest, with comparable tree species
richness. According to Ban et al. (2005), if the volume of
rattan is conserved, the diversity of forest ecological
systems then is preserved.
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Figure 5. Comparison of host and non host tree species and
individuals

Table 2. Rattan jernang host trees in Jambi
Scientific name
Dialium platyespalum
Quercus elmeri
Eugenia sp.
Adinandra dumosa
Lancium domesticum
Durio zibethinus
Shorea tysmanniana
Celtis wightii
Paederia foetida
Castanopsis inermis
Gironniera subaegualis
Sloetia elongata
Koompasia malaccensis
Diospyros pilosanthera
Dyera costulata
Panguin edule
Pithecollobium saman
Spondias cyntherea
Pithecolobium lobatum
Parcia spesiosa
Mangifera foetida
Listea sp.
Arthocarpus champeden
Dillenia indica
Cinnamomum parthenoxylon
Nephelium leppacium
Macaranga hypaleuca
Adina munitiflora
Archidendron bulbalium
Artocarpus rigida
Rhodamnia sp.
Eugenia densiflora
Total

Individuals
4
4
4
4
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
73

Traditional conservation knowledges and practices
Figure 6 summarize community attitudes towards rattan
jernang resin harvesting. In general, Anak Dalam tribes
consider forest conservation as very important. They also
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agreed that forest should be managed by community.
Correspondingly, the sustainability of rattan can be
achieved if rattan resin were harvested only based on
necessity. Furthermore, it is also important to limit the
harvest frequency. The tribes only harvest the resin twice,
in August and December. In which this fact consistent with
Hindra (2007). According to the Banjade et al. (2008) and
Jinchang et al. (2003), the sustainabilities of non timber
forest products are depend on the frequency and timing of
harvesting.

120%
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100%

Disagree

80%
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40%
20%
0%
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Community
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based
Important
management

Limit Harvest
Frequency

Rattan
Plantation
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management have several disadvantages. Open access
approach will encourage competition in harvesting the
products without considering the maturity or even even the
quality of the products. While collecting the rattan fruits
from the trees, harvesters deliver risk to destroy the whole
plants or trees, severely impacting their regeneration
potential and causing severe ecological destructions
(Sunderland 2001). Therefore, within community based
management forest, these threats can be reduced if the
timing and method of timing of harvesting are set.
Harvesting techniques are essential besides harvesting
managements. Some particular techniques have an impact
on the potential of sustainability of rattan extraction,
particularly for clustering species. For instance, harvester
often cut all stems in a clump (Sunderland 2001). Beside
that, rattan resins that harvested by traditional using
conservative technology were traded as raw material or
half-finished products. The consequence is very low added
value for the harvesters (Malik and Sumadiwangsa 2003)..
However, Anak Dalam tribes have considered these and
develop skills that can minimize the impact on the clumps.
Usually, in collecting the fruits, they will deliberately avoid
to cut the stems. They believe that by implementing these
practices, the stems keep alive and still can produce fruits.

Figure 6. Community attitude towards rattan harvesting within
Anak Dalam tribes, Jambi

CONCLUSION
Nowadays, main threats of rattan jernang are related to
the logging of tree host species. Local wisdom has great
consideration regarding the roles of host trees to the rattan.
However, recent deforestation and land clearing have
caused great loss of host trees (Crevello 2003). To
anticipate this, ex situ plantations have been prepared in
several villages (Figure 2). For instance, villages in
Batanghari district had anticipated the shortage of resin
stock by planting 40 clumps. Moreover, villages in
Sarolangun district had plant significant amount of rattan
clumps. The community planting initiative in that village
were 10 times higher than wild population.
Sunderland (2001) argued that it is essential to induce
ex situ plantation besides rely on wild populations. Several
steps need to be considered and undertaken in order to
ensure the success of ex situ plantations, for instance seed
storage and pre treatments. Plantation can be established
within other NTFP, for instance rubbers that are no longer
productive. Therefore, it is essential to establish
community-based trials emphasizing on the introduction of
rattan jernang into agroforestry systems as well as
enrichment planting of secondary forest, farm bush, or even
abandoned lands (Singh et al. 2004).
The characteristic of rattan resin harvesting within
Anak Dalam tribes is based on the community based
management. This particular management is emphasize on
the principle that every member of the tribe has equal and
open access to collect the rattan. The data confirmed that
most of the communities agreed with this concept (Figure
6). Therefore, NTFP involves more people community
around forest compared with timber forest products
(Crevello 2003; Malik and Sumadiwangsa 2003). However,
Banjade et al. (2008) argue that community based

As essential socio-economic information combined
with biological and ecological on rattan jernang resources
originated from Jambi become available and suitable
strategies to ensure NTFP harvests are implemented, there
is significant potential for particular sustainable use by
Anak Dalam tribes to contribute the forest biodiversity.
Nowadays, it posses several challenges. Among villages,
there were disparities of rattan availability. The study has
identified that wild populations of Deamonorops draco
were varied among villages. These conditions have affected
the resin production capacity and prices. For instance, low
population in Batanghari may lead to the decrease in resin
production and thus resulted in the higher price. However,
through community based management, ex situ plantation
and timing of harvesting, rattan jernang utilization could
provide an opportunity for the sustainable development of
Anak Dalam tribes along with forest trees biodiversity
conservation. Comparatively, there were several non host
tree species besides host trees. The current presence of non
host trees indicate the absence of logging practices since
harvesting resin is more profitable. Therefore, it is essential
that baseline research contribute to the development and
implementation of long term NTFP.
Among villages, there were disparities of rattan
availability. The study has identified that wild populations
of Deamonorops draco were varied among villages. These
conditions have affected the resin production capacity and
prices. For instance, low population in Batanghari may lead
to the decrease in resin production and thus resulted in the
higher price. However, through community based
management, ex situ plantation and timing of harvesting,
rattan jernang utilization could provide an opportunity for
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the sustainable development of Anak Dalam tribes along
with forest trees biodiversity conservation.

REFERENCES
Aquino A, Adriano J. 2006. The Philippines rattan value chain study.
United State Agency for International Development, Washington DC.
Banjade MR, Paudel NS. 2008. Economic potential of non-timber forest
products in Nepal. J For Livelihood 7 (1): 36-50.
Ban NK, Regalado J, Hung NP, Dung NQ, Binh BM, Anh TP. 2005.
Rattan resources of Bach Ma National Park, Thua Thien Hue
Province. Agricultural Review 14.
Crevello SM. 2003. Local land use on Borneo: applications of indigenous
knowledge systems and natural resource utilization among the
Benuaq Dayak of Kalimantan, Indonesia. [Dissertation]. Lousiana
State University, USA.
Dovie BDK. 2007. Relationship between woody biodiversity and use of
non timber forest products in the savanna biome of South Africa.
[Dissertation]. University of Witwatersrand, Johannesburg, South
Africa.
Garcia-Fernandes C, Cascado MA. 2005. Forest recovery in managed
agroforestry systems: the case of benzoin and rattan gardens in
Indonesia. For Ecol Manag 214: 158-169.
Gupta D, Bleaklye B, Gupta RK. 2008. Dragons blood: botany, chemistry,
and therapeutic use. J Ethnopharmacol 115 (3): 361-380.
Hindra B. 2007. Guidelines on harvesting and extraction techniques of
dragon blood. PD 108/01 Rev 3(1). ITTO-Ministry of Forestry,
Jakarta.

51

Jinchang Y, Huangchan X, Guangtian Y, Rongsheng L. 2003. An
overview of rattan plantation management. XII World Forestry
Congress, Quebec City, Canada.
Langenheim J. 2003. Plant resins: chemistry, ecology, evolution, and
ethnobotany. Timber Press, Cambridge.
Jones ET, Lynch KA. 2007. Nontimber forest products and biodiversity
management. For Ecol Manag 246 (1): 29-37.
Kunwar SC, Ansari AS, Luintel H. 2009. Non-timber forest product
development: regulatory challenges in the Koshi Hills, Nepal J For
Dev 8 (2): 39-50.
Malik J, Sumadiwangsa ES. 2003. Research, development, and utilization
strategy of non timber forest product: Indonesia case. XII World
Forestry Congress, Quebec City, Canada.
Meretsky VJ, Moore T. 2009. Climate change and indiana’s non timber
products.
Oteng-Amoako A, Ebanyele E. 2001. The anatomy of 5 economic rattan
in Ghana. In: Sunderland TCH, Profizi JP (eds.) New Research On
African Rattans. International Network On Bamboo and Rattan,
Beijing, China.
Rahayu M, Susiarti S, Purwanto Y. 2007. Study of the utilization of nontimber forest vegetation by local society at PT Wira Karya Sakti
Sungai Tapa Conservation Area-Jambi. Biodiversitas 8 (1): 73-78.
Siebert S. 2005. The abundance and distribution of rattan over elevation
gradient in Sulawesi, Indonesia. For Ecol Manag 210:143-158
Singh BH, Puni L, Jain A, Singh RS. 2004. Status, utility, threats and
Conservation options for rattan resources in Manipur. Curr Sci 87 (1):
90-94.
Snitzer F, Bongers F. 2002. The ecology of liana and their roles in the
forests. Trends Ecol Evol 17: 223-230.
Styring AR, bin Hussin MZ. 2004. Effects of logging on woodpeckers in
Malaysian rainforest: the relationship between resource availability
and woodpecker abundance. J Trop Ecol 20: 495-504.

THIS PAGE INTENTIONALLY LEFT BLANK

GUIDANCE FOR AUTHORS
Aims and Scope ”Biodiversitas , Journal of Biological Diversity” or
Biodiversitas encourages submission of manuscripts dealing with all
biodiversity aspects of plants, animals and microbes at the level of gene,
species, and ecosystem.
Article types The journal seeks original full-length research papers,
reviews, and scientific feedback (short communication) about material
previously published.
Acceptance The only articles written in English (U.S. English) are
accepted for publication. Manuscripts will be reviewed by managing editor,
communicating editor and invited peer review according to their disciplines.
Authors will generally be notified of acceptance, rejection, or need for
revision within 2 to 3 months of receipt. Manuscript is rejected if the content
is not in line with the journal scope, dishonest, does not meet the required
quality, written in inappropriate format, has incorrect grammar, or ignores
correspondence in three months. The primary criteria for publication are
scientific quality and biodiversity significance. The accepted papers will be
published in a chronological order. This journal periodically publishes in
January, April, July, and October.
Uncorrection proofs will be sent to the corresponding author by e-mail
as .doc or .docx files for checking and correcting of typographical errors. To
avoid delay in publication, proofs should be returned in 7 days.
A charge The cost of each manuscript is IDR 250,000,- plus postal cost
or IDR 150,000,- for SIB members. There is free of charge for non
Indonesian author(s), but need to pay postal cost for hardcopy.
Reprints Two copies of journal will be supplied to authors; reprint is only
available with special request. Additional copies may be purchased by order
when sending back the uncorrection proofs by e-mail.
Submission The journal only accepts online submission, through e-mail
to the managing editor at unsjournals@gmail.com; better to forward to one
of the communicating editor for accelerating evaluation.. The manuscript
must be accompanied with a cover letter containing the article title, the first
name and last name of all the authors, a paragraph describing the claimed
novelty of the findings versus current knowledge, and a list of five suggested
international reviewers (title, name, postal address, email address). Reviewers
must not be subject to a conflict of interest involving the author(s) or
manuscript(s). The editor is not obligated to use any reviewer suggested by
the author(s).
Copyright Submission of a manuscript implies that the submitted work
has not been published before (except as part of a thesis or report, or abstract);
that it is not under consideration for publication elsewhere; that its publication
has been approved by all co-authors. If and when the manuscript is accepted
for publication, the author(s) agree to transfer copyright of the accepted
manuscript to Biodiversitas. Authors shall no longer be allowed to publish
manuscript without permission. For the new invention, authors suggested to
manage its patent before publishing in this journal.
Open access The journal is committed to free open access that does not
charge readers or their institutions for access. Users are entitled to read,
download, copy, distribute, print, search, or link to the full texts of the
articles, as long as not for commercial purposes. For the new invention,
authors are suggested to manage its patent before published.
Preparing the Manuscript
Manuscript is typed at one side of white paper of A4 (210x297 mm2)
size, in a single column, double space, 12-point Times New Roman font, with
2 cm distance step aside in all side. Smaller letter size and space can be
applied in presenting table. Word processing program or additional software
can be used, however, it must be PC compatible and Microsoft Word based.
Names of sub-species until phylum should be written in italic, except for italic
sentence. Scientific name (genera, species, author), and cultivar or strain
should be mentioned completely at the first time mentioning it, especially for
taxonomic manuscripts. Name of genera can be shortened after first
mentioning, except generating confusion. Name of author can be eliminated
after first mentioning. For example, Rhizopus oryzae L. UICC 524,
hereinafter can be written as R. oryzae UICC 524. Using trivial name should
be avoided, otherwise generating confusion. Mentioning of scientific name
completely can be repeated at Materials and Methods. Biochemical and
chemical nomenclature should follow the order of IUPAC-IUB, while its
translation to Indonesian-English refers to Glossarium Istilah AsingIndonesia (2006). For DNA sequence, it is better used Courier New font.
Symbols of standard chemical and abbreviation of chemistry name can be
applied for common and clear used, for example, completely written butilic
hydroxytoluene to be BHT hereinafter. Metric measurement use IS denomination, usage other system should follow the value of equivalent with the
denomination of IS first mentioning. Abbreviation set of, like g, mg, mL, etc.
do not follow by dot. Minus index (m-2, L-1, h-1) suggested to be used, except
in things like “per-plant” or “per-plot”. Equation of mathematics does not
always can be written down in one column with text, for that case can be
written separately. Number one to ten are expressed with words, except if it
relates to measurement, while values above them written in number, except in
early sentence. Fraction should be expressed in decimal. In text, it should be
used “%” rather than “gratuity”. Avoid expressing idea with complicated

sentence and verbiage, and used efficient and effective sentence. Manuscript
of original research should be written in no more than 25 pages (including
tables and picture), each page contain 700-800 word, or proportional with
article in this publication number. Invited review articles will be
accommodated.
Title of article should be written in compact, clear, and informative
sentence preferably not more than 20 words. Name of author(s) should be
completely written. Running title is about five words. Name and institution
address should be also completely written with street name and number
(location), zip code, telephone number, facsimile number, and e-mail address.
Manuscript written by a group, author for correspondence along with address
is required. First page of the manuscript is used for writing above information.
Abstract should not be more than 200 words, written in English.
Keywords is about five words, covering scientific and local name (if any),
research theme, and special methods which used. Introduction is about 400600 words, covering background and aims of the research. Materials and
Methods should emphasize on the procedures and data analysis. Results and
Discussion should be written as a series of connecting sentences, however,
for manuscript with long discussion should be divided into sub titles.
Thorough discussion represents the causal effect mainly explains for why and
how the results of the research were taken place, and do not only re-express
the mentioned results in the form of sentences. Concluding sentence should
preferably be given at the end of the discussion. Acknowledgments are
expressed in a brief.
Figures and Tables of maximum of three pages should be clearly
presented. Title of a picture is written down below the picture, while title of a
table is written in the above the table. Colored picture and photo can be
accepted if information in manuscript can lose without those images. Photos
and pictures are preferably presented in a digital file. JPEG format should be
sent in the final (accepted) article. Author could consign any picture or photo
for front cover, although it does not print in the manuscript. There is no
appendix, all data or data analysis are incorporated into Results and
Discussions. For broad data, it can be displayed in website as Supplement.
Citation in manuscript is written in “name and year” system; and is
arranged from oldest to newest and from A to Z. The sentence sourced from
many authors, should be structured based on the year of recently. In citing an
article written by two authors, both of them should be mentioned, however,
for three and more authors only the family (last) name of the first author is
mentioned followed by et al., for example: Saharjo and Nurhayati (2006) or
(Boonkerd 2003a, b, c; Sugiyarto 2004; El-Bana and Nijs 2005; Balagadde et
al. 2008; Webb et al. 2008). Extent citation as shown with word “cit” should
be avoided. Reference to unpublished data and personal communication
should not appear in the list but should be cited in the text only (e.g., Rifai
MA 2007, personal communication; Setyawan AD 2007, unpublished data).
In the reference list, the references should be listed in an alphabetical order.
Names of journals should be abbreviated according to the ISSN List of Title
Word Abbreviations (www.issn.org/2-22661-LTWA-online.php).
APA style in double space is used in the journal reference as follow:
Journal:
Saharjo BH, Nurhayati AD (2006) Domination and composition structure
change at hemic peat natural regeneration following burning; a case study
in Pelalawan, Riau Province. Biodiversitas 7: 154-158.
Book:
Rai MK, Carpinella C (2006) Naturally occurring bioactive compounds.
Elsevier, Amsterdam.
Chapter in book:
Webb CO, Cannon CH, Davies SJ (2008) Ecological organization, biogeography and
the phylogenetic structure of rainforest tree communities. In: Carson W,
Schnitzer S (eds) Tropical forest community ecology. Wiley-Blackwell,
New York.
Abstract:
Assaeed AM (2007) Seed production and dispersal of Rhazya stricta. 50th
annual symposium of the International Association for Vegetation
Science, Swansea, UK, 23-27 July 2007.
Proceeding:
Alikodra HS (2000) Biodiversity for development of local autonomous
government. In: Setyawan AD, Sutarno (eds) Toward mount Lawu
national park; proceeding of national seminary and workshop on
biodiversity conservation to protect and save germplasm in Java island.
Sebelas Maret University, Surakarta, 17-20 July 2000. [Indonesian]
Thesis, Dissertation:
Sugiyarto (2004) Soil macro-invertebrates diversity and inter-cropping plants
productivity in agroforestry system based on sengon. [Dissertation].
Brawijaya University, Malang. [Indonesian]
Information from internet:
Balagadde FK, Song H, Ozaki J, Collins CH, Barnet M, Arnold FH, Quake
SR, You L (2008) A synthetic Escherichia coli predator-prey ecosystem.
Mol Syst Biol 4: 187. www.molecularsystemsbiology.com

ISSN: 1412-033X
E-ISSN: 2085-4722

GENETIC DIVERSTY
Estradiol-17β hormone concentration and follicles number in exotic Burgo chicken
supplemented by Sauropus androgynus katuk leaves extract
HERI DWI PUTRANTO, JOHAN SETIANTO, URIP SANTOSO, WARNOTO, NURMELIASARI,
AHMAD ZUENI

1-6

ECOSYSTEM DIVERSTY
Plant species diversity in the ecological species groups in the Kandelat Forest Park,
Guilan, North of Iran
HASSAN POURBABAEI, TAHEREH HAGHGOOY
Returning biodiversity of rehabilitated forest on a coal mined site at Tanjung Enim, South
Sumatra
HERY SUHARTOYO, ALI MUNAWAR, WIRYONO
Predictive model of Amorphophallus muelleri growth in some agroforestry in East Java by
multiple regression analysis
BUDIMAN, ENDANG ARISOESILANINGSIH
Population density and distribution of Javan gibbon (Hylobates moloch) in Central Java,
Indonesia
ARIF SETIAWAN, TEJO SURYO NUGROHO, YOHANNES WIBISONO, VERA IKAWATI,
JITO SUGARDJITO
Age-specific life table of swallowtail butterfly Papilio demoleus (Lepidoptera:
Papilionidae) in dry and wet seasons
SUWARNO
Frequency of endophytic fungi isolated from Dendrobium crumenatum (Pigeon orchid)
and antimicrobial activity
WIBOWO MANGUNWARDOYO, SUCIATMIH, INDRAWATI GANDJAR
ETHNOBIOLOGY
Jambak Jambu Kalko: Nature conservation management of the Serampas of Jambi, Sumatra
BAMBANG HARIYADI
The relationships of forest biodiversity and rattan jernang (Deamonorops draco)
sustainable harvesting by Anak Dalam tribe in Jambi, Sumatra
ANDRIO ADIWIBOWO, IIK SRI SULASMI, NISYAWATI

7-12

13-17

18-22

23-27

28-33

34-39

40-45
46-51

Front cover:
Hylobates moloch

(PHOTO: GABRIELLA SKOLLAR)

Published four times in one year

PRINTED IN INDONESIA
ISSN: 1412-033X

E-ISSN: 2085-4722

