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Abstract. Fitri L, Meryandini A, Iswantini D, Lestari Y. 2017. Diversity of endophytic actinobacteria isolated from medicinal plants and 
their potency as pancreatic lipase inhibitor. Biodiversitas 18: 857-863. Endophytic actinobacteria from medicinal plants have high 
diversity and potency to produce secondary metabolites with various biological functions, including the activity of lipase inhibitor. As it 
has been widely known that inhibiting fat absorption through the activity of pancreatic lipase inhibitor is one of the most common 
treatments for weight loss. This study aimed to assess diversity and capability of endophytic actinobacteria in producing pancreatic lipase 
inhibitor from medicinal plants that were traditionally used as antiobesity. Medicinal plants used in this research were rhizome of 
Alpinia galanga, Kaempferiae galanga, K. rotunda, Zingiber cassumunar, and leaves of Murraya paniculata. The endophytic 
actinobacteria were isolated, purified, and assayed for lipase inhibitory activity. The selected isolates were molecularly identified based 
on 16S rRNA gene and compared for their close relationship with reference strains available in the GenBank. A total of 35 endophytic 
actinobacteria has been isolated from the five medicinal plants examined. The isolates showed to have various morphological diversity 
based on their colony and microscopic observations, and also to have various lipase inhibitory activity. The inhibition activity ranged 
from 6.1 to 96.5%. There were five selected endophytic actinobacteria which have lipase inhibitory activity higher than 90%. At the 
same concentration of sample (1300 ppm), the crude extract of AEBg12 showed slightly higher activity (95.3%) compared with orlistat 
(93.6%), used as a positive control. The partial sequences of 16S rRNA analyses showed that AEBg4 (1421 bp) had the highest 
similarity with Streptomyces sp. S170 (93%), followed by its close relationship with S. lannensis strain SR3-58 (93%), and S. lannensis 
JCM 16578T (92%). Both AEBg10 (1051 bp) and AEBg12 (1010 bp) had the highest similarity with Streptomyces sp. S170 by 99% and 
98%, respectively. The AEKp9 (1367 bp) had a close relationship with Streptomyces sp. DLDG2 (93%) and S. bellus NBRC 12844T 

(93%). While for AELk3 (1033 bp), the similarity with Streptomyces sp. NRLL B-24869 was 98%. These research data can be 
considered as new information, regarding the capability of endophytic actinobacteria from medicinal plants, which have potency as 
antiobesity, through their pancreatic lipase inhibitory activity.  

Keywords: Endophytic actinobacteria, pancreatic lipase inhibitor, medicinal plant, Streptomyces 

INTRODUCTION  

Obesity is an excess of abnormal weight gain that 
occurs due to excessive of fat accumulation. In that case, 
there is an energy balance disorder, as a number of calories 
entering the body are much more than the required ones 
(Muwakhidah and Tri 2008). In 2014, more than 14 million 
children and 1.9 billion adults were reported overweight, 
and more than 600 million from those were obese (WHO 
2016). Obesity is closely associated with other diseases, 
such as hyperlipidemia, a disease that occurs due to 
excessive fat deposition. Several diseases such as coronary 
heart, diabetes mellitus type II and hypertension can be 
related to obesity (Ranti et al. 2013). Obesity can be 
prevented by consuming the antiobesity drug, such as 
orlistat, which acts as pancreatic lipase inhibitory activity 
(Sukhdev and Singh 2013). Several plants, e.g. 

Kaempferiae rotunda, Alpinia galanga, Kaempferiae 
galanga, Zingiber cassumunar, and Murraya paniculata, 
had been reported to produce pancreatic lipase inhibitor 
activity 65.1%, 56.2%, 37.6%, 29.17%, and 25.66%, 
respectively (Iswantini et al. 2010, 2011; Pradono et al. 2011).  

Actinobacteria is known to produce bioactive 
compounds which have various biological functions 
including enzyme inhibitor. Endophytic microbes including 
actinobacteria have the capability to produce similar 
bioactive compounds with the host plant (Pujiyanto and 
Ferniah 2010). Streptomyces spp. was isolated from Lolium 
erenne, and able to produce diketopiperazine which 
functions as an antibiotic (Strobel et al. 2004). 
Streptomyces aureofaciens, an endophytic actinobacterium 
from ginger plant, was reported to produce arycoumarine 
which had antitumor activity (Taechowisan et al. 2007). 
Moreover, endophytic actinobacteria from Alpinia galanga 
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was reported to have antimicrobial activity (Taechowisan 
and Lumyong 2003). Streptomyces spp., endophytic 
actinobacteria isolated from Tinospora crispa, able to 
produce α-glucosidase inhibitory compound (Pujiyanto et 
al. 2012). While, Streptomyces toxytricini, a nonendophytic 
actinobacterium, could produce pancreatic lipase inhibitory 
compound, commercially known as orlistat, a derivative of 
lipstatin (Ballinger and Peikin 2002). Other Streptomyces 
which are able to produce pancreatic lipase inhibitors is S. 
variabilis strain PO-178, Streptomyces sp. MTCC 5219 and 
Streptomyces sp. NR 0619 (Kekuda et al. 2011; Tokdar et 
al. 2011; Mutoh et al. 1994). Actinobacteria as producer of 
various bioactive compounds have great potential for 
industrial application (Golinska et al. 2015). However, the 
potency of endophytic actinobacteria from medicinal plants 
as antiobesity has never been explored.  

This study aimed to assess diversity and potency of 
endophytic actinobacteria from medicinal plants which 
traditionally used as antiobesity, in producing pancreatic 
lipase inhibitor. 

MATERIALS AND METHODS  

Isolation of endophytic actinobacteria 
Medicinal plants used in this research were rhizome of 

A. galanga, K. galanga, Z. cassumunar, K. rotunda and 
leaves of M. paniculata. These plants were chosen based 
on the study reported by Iswantini et al. (2010; 2011), and 
Pradono et al. (2011). The plant samples were obtained 
from Medicinal Plant Collection Garden, Tropical 
Biopharmaca Research Center, Institut Pertanian Bogor 
(Institut Pertanian Bogor), West Java, Indonesia. The 
samples were selected from healthy plants, 12 months old 
plant for rhizome, and young leaves for the leave samples. 
The samples were washed with sterile distilled water then 
surface-sterilized by soaking in 70% alcohol for 1 min, 
followed by 1% hypochlorite solution for 5 min, and 70% 
alcohol for another 1 min, and finally rinsed with sterile 
distilled water. The surface-sterilized samples were 
crushed, then a total of 1 mL of sample suspensions were 
inoculated on Humic acid Vitamin B (HV) agar medium, 
incubated at room temperature for 14-30 days. 
Actinobacterial colonies were purified using International 
Streptomyces Project (ISP) 2 media, which in 1 L consisted 
of 4 g yeast extract, 10 g malt extract, 4 g glucose, and 18 g 
agar), and kept for the screening of pancreatic lipase 
inhibitory activity.  

Activity test of pancreatic lipase inhibitor  
Actinobacteria were inoculated into a 200 mL flask 

containing 50 mL ISP 2 medium, and incubated in an 
incubator shaker at 150 rpm for 10 days, at a temperature 
of 30°C. Cell biomass were separated by centrifugation at 
6000 rpm for 30 minutes. The supernatant was used for 
testing the activity of pancreatic lipase inhibitor. The 
activity test was carried out by using the method of Etoundi 
et al (2010), with some modifications. The substrate was 
prepared by adding 1% (v/v) triolein, and 1% (v/v) tween 
80 into 0.1 M phosphate buffer (pH 8). A total of 800 μl 

triolein mixture was added into a test tube containing 
200μL swine lipase (L3126 Sigma ) (0.5 g enzyme in 15 
mL of 0.1 M phosphate buffer pH 8) and 200μL 
supernatant. The solution was mixed and its absorbance 
was measured using UV-Vis spectrophotometer at 450 nm 
wavelength. The solution was incubated for 30 min at 
37°C, and the absorbance was measured as above with 
three replications. The percentage of pancreatic lipase 
inhibitory activity was calculated by using following 
formula:  

 
Inhibition of pancreatic lipase = A - B / A x 100 
 
A = pancreatic lipase activity, B = pancreatic lipase 

activity after incubation  

Morphological characterization of endophytic 
actinobacteria  

Morphological characterization of 5 actinobacterial 
isolates with high inhibition activity was observed on ISP 
2, ISP 3 without the addition of trace salts solution, and ISP 
4 media. Microscopic observation was conducted using 
light microscope at a magnification of 100 and 400 x. 

Identification of endophytic actinobacteria based on 16 
rRNA gene 

Identification of selected isolates was conducted based 
on 16S rRNA gene sequences. DNA extraction was carried 
out using Genomic DNA Mini Kit (Geneaid) followed by 
amplification of the 16S rRNA gene using primer 20F 
(5'GATTTTGATCCTGGCTCAG3') and 1500R 
(5'GTTACCTTGTTAC-GACTT3') for AEBg4 and AEKp9 
isolates, primer 27F (5’-AGAGTTTGATCCTGGCTCAG-
3’) and 16Sact1114R (5’-GAGTTGACCCCGGCRGT-3’) 
for AEBg10, AEBg12, and AELk3 (Martina et al. 2008). 
The amplification reaction was performed by using 
Thermal cycler (model 480 Perkin-Elmer, USA). The 
amplified product was visualized on 1% agarose gel at 80 
volts for 45 min. The PCR product then stained using 
ethidium bromide for 15 min and visualized using UV light 
transilluminator. DNA bands that appeared were documented 
using Gel Doc. PCR product sequences were performed by 
DNA Sequencing Service Company. All of the 16S rRNA 
gene sequences then compared to the GenBank database, 
NCBI BLAST (http: //www.ncbi.nlm.nih.gov/). 
Phylogenetic analysis was performed using MEGA 6 
(Molecular Evolutionary Genetics Analysis, Version 6). 
The phylogenetic tree was constructed using the neighbor-
joining method and MEGA 6.0 software (Tamura et al. 
2013). The topology of phylogenetic tree construction was 
evaluated using bootstrap analysis with 1000 replications.  

RESULTS AND DISCUSSION 

Endophytic actinobacteria diversity 
A total of 35 endophytic Actinobacteria were isolated 

from 5 different plants, that was rhizome of A. galanga, K. 
galanga, Z. cassumunar, K. rotunda, and leaves of M. 
paniculata with 6, 5, 9, 12, and three isolates, respectively. 
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The number of endophytic actinobacteria was dominant in 
the rhizome of K. rotunda (12 isolates), while from leaves 
of M. paniculata was only three isolates. Endophytic 
actinobacteria obtained from this work showed to have a 
various morphological colony, e.g. color of aerial and 
substrate mycelia, pigmentation, elevation of the colony, as 
described in Table 1.  

The number of actinobacteria from the rhizome of 
medicinal plants tested was higher than that from the leaves 
(M. paniculata). This study was in line with Passari et al. 
(2015), who were able to obtain 42 endophytic 
actinobacteria from 7 medicinal plants and different organs 
(roots, flowers, leaves and petiola). The highest number of 
endophytic actinobacteria was found in the roots (52.3%) 

with Streptomyces as the dominant genus. Similar 
phenomena were also reported by Taechowisan et al. 
(2003), where the actinobacteria were dominant in rhizome 
(212 isolates), followed by leaves (97 isolates), and stem 
(21 isolates). Pujiyanto et al. (2012) found 65 endophytic 
actinobacteria from medicinal plants. A total of 45 isolates 
were found from the roots, 14 isolates from rhizomes, then 
followed by the stem and leaves with 3 isolates 
respectively.Actinobacteria are often found lived and 
colonized in soil. The possible explanation of this 
phenomenon is that the existence of endophytic 
actinobacteria in plants were probably originated from soil, 
followed by root colonization, then the actinobacteria may 
migrate to other plant parts.  

 
 
Table 1 Morphological characteristic of endophytic actinobacteria isolates in ISP-2 medium and pancreatic lipase inhibition activity 
 

Medicinal plants Isolates 
code 

Color of 
aerial mycelium 

Color of 
substrate mycelium  Soluble pigment Elevation Inhibition 

activity (%) 
A. galanga AELk1 White Dark brown - Flat 51.2 
 AELk2 Grey Light yellow - Flat 61.2 
 AELk3 Bluish green Dark green - Convex 93.8 
 AELk4 White Cream - Flat 48.6 
 AELk5 White Cream - Convex 57.2 
 AELk6 White Peach - Convex 60.5 
Total of isolates 6     
      

K. galanga  AEKc1 White Cream - Convex 57.9 
 AEKc3 White Cream Cream Flat 63.7 
 AEKc4 Greenish grey Light green - Convex 83.1 
 AEKc8 White Cream Cream Flat 77.1 
 AEKc9 White Cream - Flat  6.1 
Total of isolates 5     
      
Z. cassumunar AEBg1 Grey Cream - Convex 67.3 
 AEBg2 Greenish grey Dark brown - Convex 54.6 
 AEBg4 Greenish grey Brown - Convex 96.5 
 AEBg5 Grey Brown - Convex 70.8 
 AEBg8 White Fawn -  71.4 
 AEBg9 Brownish grey Cream - Convex 35.4 
 AEBg10 Grey Brown - Convex 95.3 
 AEBg11 White Brownish cream - Convex 78.2 
 AEBg12 Grey Brown - Convex 95.6 
Total of isolates 9     
      

K. rotunda  AEKp2 Grey Cream - Convex 43.6 
 AEKp3 White Orange Yellow Convex 15.1 
 AEKp4 Grey Yellow Yellow Convex 46.1 
 AEKp6 White Milky white - Convex 54.2 
 AEKp7 White Yellow Cream Convex 77.9 
 AEKp8 Brownish grey Cream - Convex 82.0 
 AEKp9 Greenish white Cream - Convex 92.4 
 AEKp10 Greenish grey Greenish grey - Convex 58.1 
 AEKp11 White Cream - Flat 79.6 
 AEKp14 Greyish white Brown - Convex 53.2 
 AEKp15 Greenish brown Brown - Convex 71.5 
 AEKp16 Brown Cream - Convex 79.3 
Total of isolates 12     
      

M. paniculata AEKm1 White Cream - Flat 15.4 
 AEKm2 Grey Brown - Convex 31.5 
 AEKm3 Grey Dark brown - Flat 76.7 
Total of isolates 3     
      

 Total of isolates   35  
Note: AELk = A. galanga endophytic actinobacteria, AEKc = K. galanga endophytic actinobacteria, AEBg = Z. cassumunar endophytic 
actinobacteria, AEKp = K. rotunda endophytic actinobacteria, AEKm = M. paniculata endophytic actinobacteria 
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Figure 1. The avarage value of pancreatic lipase inhibitor activity 
from a crude extract of endophytic actinobacteria. Note: Isolate 
codes refer to Table 1. 
 

 
Based on morphological colony observation, most 

isolates of endophytic actinobacteria indicated a close 
relationship with Streptomyces group, which can be 
commonly found in roots, stems, and leaves. Streptomyces 
spp. are filamentous bacteria, belonging to Actinomycetales, 
that is widely distributed in the various ecological 
environment. Discovery of the diversity of endophytic 
actinobacteria from K. galanga, Z. cassumunar, K. rotunda 
and M. paniculata have never been reported before. 
Moreover, there is no available data regarding their 
potency as producer of pancreatic lipase inhibitor as 
described in this paper. Therefore, the data described here 
can be considered as new information. 

Pancreatic lipase inhibitory activity  
Pancreatic lipase inhibitory activity test was carried out 

for 35 endophytic actinobacteria isolates. The result 
showed that all isolates had various lipase inhibitory 
activity, the lowest inhibition value was 6.1% and the 
highest value was 96.5%. Table 1 shows that endophytic 
actinobacteria had various pancreatic lipase activity. The 
activity was obtained from isolates (9 mm in colony 
diameter) which grown in ISP2 media for 10 days. Various 
lipase inhibitory activity showed by the tested isolates 
might be related with the different in their growth rate. Five 
isolates that have high activity value were AEBg4, 
AEBg10, AEBg12 obtained from Z. cassumunar, AELk3) 
from A. galanga, and AEKp9 from K. rotunda, with an 
inhibition value 96.4%, 95.6%, 95.3%, 93.8% and 92.4%, 
respectively.  

 The crude extract (1300 ppm) from 5 selected isolates 
gave various lipase inhibitory activity. AEBg12 showed 
higher pancreatic lipase inhibitory activity (95.3%) than 
orlistat (93.6%), as the positive control. Meanwhile, 4 other 
isolates, e.g. AEBg4, AEBg10, AELk3 and AEKp9 showed 
lower activity i.e. 48.2%, 54.4%, 62.5% and 92.4%, 
respectively (Figure 1). The data confirm that endophytic 
actinobacteria from the medicinal plants tested were able to 
produce pancreatic lipase inhibitor, as it is also produced 
by their host plants. It has been reported that K. rotunda, A. 
galanga and Z. cassumunar, showed pancreatic lipase 
inhibitory activity, i.e. 65.1% 56.2% and 29.17%, 

respectively (Iswantini et al. 2010; 2011; Pradono et al. 
2011). Here, the discovery of endophytic actinobacteria 
from those plants is considered as the first reported data. 

One of the mechanisms to prevent obesity is to inhibit 
the absorption of fatty acid by inhibiting the activity of 
pancreatic lipase on digestive organs. This is caused by the 
increase of pancreatic lipase activity which can increase the 
number of monoglycerides and fatty acids that are absorbed 
by the body, and it can lead to obesity (Iswantini et al. 
2010). Orlistat, a derivative of lipstatin, is produced by S. 
toxytricini (Weibel et al. 1997), a non-endophytic 
actinobacterium. At the recommended therapeutic dose of 
120 mg three times a day, orlistat inhibits dietary fat 
absorption around 30%. Although the use of orlistat is 
clinically approved for the treatment of obesity, orlistat 
may have some side effects, such as liquid stool, abdominal 
bloat and abdominal cramp (Ballinger and Peikin, 2002). 
At the same concentration (1300 ppm), our study showed 
that crude extract of selected endophytic actinobacteria 
(AEBg12) from Z. cassumunar had a higher percentage in 
inhibiting pancreatic lipase activity than orlistat. However, 
the characteristics of the active compound with pancreatic 
inhibitory activity from AEBg12 has not yet been 
elucidated.   

Streptomyces sp. NR 0619 that was found in the soil in 
Yamaga-machi, Oita prefecture Japan, could also produce 
Panclicins A, B, C, D and E. Panclicins knew to inhibit 
swine pancreatic lipase, with IC50 values  2.9, 2.6, 0.62, 
0.66, and 0.89 μM (Mutoh et al. 1994). Streptomyces sp. 
MTCC 5219 from the soil in India was reported to produce 
(E)-4-Aminostyryl, which is another type of pancreatic 
lipase inhibitor substance (Tokdar et al. 2011). The study 
of Kekuda et al. (2011) showed that Streptomyces isolated 
from soil in Karnataka region, India has the ability as an 
antiobesity with the highest inhibition value 61.67%. The 
information coming out from this work, regarding the 
pancreatic lipase inhibitory activity from endophytic 
actinobacteria isolated from medicinal plants which 
traditionally known for treating obesity is regarded as 
newly reported data.  

Morphological characteristics of selected endophytic 
actinobacteria isolates  

The five selected endophytic actinobacteria, i.e. 
AEBg4, AEBg10, AEBg12, AELk3 and AEKp9 showed 
variations on colony morphology (Table 2), when grown in 
ISP 2 for 14 days. The aerial mycelium of isolates had a 
wide range of colors, e.g. greenish gray, gray, bluish green, 
white, turqouise. Actinobacteria could be distinguished 
from other bacteria by looking at the shape of the colony in 
a solid medium. The five selected endophytic 
actinobacteria did not produce soluble pigment when 
grown in ISP 2, ISP 3 and ISP 4 media.  

Actinobacteria colonies looked stiff (Figure 2), in 
contrast with bacterial colonies which often looked soft and 
some of them are slimy in agar. The five tested isolates 
have various spore chain characteristics. Two isolates have 
a spiral-shaped spore chain morphology, whereas the other 
three isolates do not have spiral-shaped spore. Our work 
also examined that the five isolates of endophytic 
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actinobacteria were Gram-positive, produced an abundance 
of aerial mycelia. Morphological observation of colonies 
on several media showed that the isolates grew well in 
ISP2, modified ISP 3 without the addition of trace salts 
component, and ISP 4 media. Aerial and substrate 
mycelium of AEBg4, AEBg10 and AEBg12 showed the 
same color in those three different media, whereas AELk3 
and AEKp9 showed differences in color. Based on the 
above morphological colony and microscopic observation, 
the tested isolates showed to have the characteristics of 
Streptomyces genera, as described by Shirling and Gottlieb 
(1966). The observed Streptomyces morphological 
characters of the tested isolates are also strengthened by 
their molecular data, based on 16S rRNA gene sequence 
analysis, as described below.  

Identification of endophytic Actinobacteria isolates 
based on 16S rRNA gene 

The partial sequences of 16S rRNA analyses showed 
that AEBg4 (1421 bp) had the highest similarity with 
Streptomyces sp. S170 (93%), followed by a close relationship 
with S. lannensis strain SR3-58 (93%), and S. lannensis JCM 
16578T (92% ). Both AEBg10 (1051 bp) and AEBg12 
(1010 bp) had the highest similarity with Streptomyces sp. 
S170 by 99% and 98%, respectively. While AEKp9 (1367 
bp) had the highest similarity with Streptomyces sp. 
DLDG2 (93%), and AELk3 (1033 bp) had 98% similarity 
with Streptomyces sp. NRLL B-24869 (Table 3). 

Streptomyces lannensis was obtained from stingless 
bees (Tetragonilla collina) in Thailand (Promnuan et al. 
2013). Streptomyces bellus was reported as an antibiotic 
producer (Margalith and Beretta 1960). Until now, the 
study of pancreatic lipase inhibitor produced by S. 
lannensis has never been reported.  

Percentage of 16S rRNA gene sequence homology less 
than 97.5% could be a different species or new species 
(Stackebrandt and Goebel 1994), but further research is 
needed to confirm for the species novelty by using 
polyphasic taxonomy. These methods include genotyping 
analysis, chemotaxonomic and phenotyping data. Genotype 
information is based on the percentage of mol G+C, 

restriction patterns, genome size, the size of DNA, and 
DNA-DNA hybridization; whereas chemotaxonomic 
information can be found on the cell wall components such 
as peptidoglycan and teicoat acid. Phenotype analysis 
including, physiology, biochemistry, and morphological 
characteristic of an organism (Prakash et al. 2007). 

The phylogenetic tree showed that AEBg4, AEBg10 
and AEBg12 isolates belonged to one group. The AEBg4 
was closely related with Streptomyces sp. S170, while both 
AEBg10 and AEBg12 were closely related to Streptomyces 
lannensis strain TW1K20. Moreover, AEKp9 and AELk3 
had a close relationship with Streptomyces sp. DLDG2 and 
Streptomyces sp. CU16-I, respectively. As the outer group, 
Bacillus subtilis represented Gram-positive non-
actinobacteria (Figure 3). Based on the phylogenetic tree, it 
showed that AEBg4, AEBg10, AEBg12, AELk3 and 
AEKp9 belong to the same genus, i.e. Streptomyces. On the 
phylogenetic tree, S. toxytricini, the known producer of 
pancreatic lipase inhibitor was also showed.  
 
Table 2. Morphological characteristics of endophytic 
actinobacteria isolates that produce pancreatic lipase 
 

Isolate  Medium
Growth characterization 

Aerial  
mycelium 

Substrate 
mycelium 

Soluble 
pigment 

AEBg4 ISP 2 Greenish grey Brown - 
ISP 3 Greenish grey Brown - 
ISP 4 Greenish grey Brown - 

AEBg10 ISP 2 Grey Brown - 
ISP 3 Grey Brown - 
ISP 4 Grey Brown - 

AEBg12 ISP 2 Grey Brown - 
ISP 3 Grey Brown - 
ISP 4 Grey Brown - 

AELK3 ISP2 Bluish green Dark green - 
ISP 3 White Cream - 
ISP 4 Grey Cream - 

AEKP9 ISP2 Greenish white Cream - 
ISP 3 Greyish blue Cream - 
ISP 4 turquoise  Cream - 

Note: Note: Isolate codes refer to Table 1. 

 
 

 

 
AEBg4 AEBg10 AEBg12 AEKp9 AELk3 

 

Figure 2. Various morphological characteristics of endophytic actinobacteria grown in ISP2 medium for 14 days (Magnification 400 x). 
Note: Note: Isolate codes refer to Table 1. 
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Table 3. BLAST.N results of 16S rRNA gene of endophytic actinobacteria on medicinal plants 
 
Isolates 
code Closest species Identities 

(Isolates/GenBank) Similarity Accession number 

     
AEBg4 Streptomyces sp. S170 1329/1423 93% KF_772663.1 

S. lannensis strain SR3-58  1328/1423 93% LC_128345.1 
S. lannensis JCM 16578T 1328/1423 92% NR_113181.1 

     
AEBg10 Streptomyces sp. S170 1038/1051 99% KF_772663.1 

S. lannensis strain SR3-58 1037/1051 99% LC_128345.1 
S. lannensis strain SR3-109 1037/1051 99% LC_126314.1 

     
AEBg12 Streptomyces sp. S170  994/1011 98% KF_772663.1 

Streptomyces sp. strain 10116b  993/1011 98% KX_573753.1 
S. lannensis strain TW1K20  993/1011 98% KT_820003.1  

     
AEKp9 Streptomyces sp. DLDG2 1283/1373 93% GQ_357959.1 

S. bellus NBRC 12844T 1255/1334 93% NR_041222.1 
Streptomyces sp. 21214 1282/1373 93% KF_956675.1 

     
AELk3 Streptomyces sp. NRLL B-24869 1017/1034 98% JQ_247519.1 

Streptomyces sp. CU16-1 1017/1034 98% AB_444070.1 
S. bellus strain HBUM175137 
 

1017/1034 98% FJ_532419.1 

Note: Isolate codes refer to Table 1. 
 
 
 
 

 
 
Figure 3. Phylogenetic tree of 16S rRNA gene of endophytic actinobacteria on medicinal plants as a potential pancreatic lipase inhibitor 
with software MEGA 6 (bootstrap analysis with 1000 replication). Note: Isolate codes refer to Table 1. 
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Abstract. Wijayanti F, Maryanto I. 2017 Diversity and pattern of nest preference of bat species at bat-dwelling caves in Gombong 
Karst, Central Java, Indonesia Biodiversitas 18: 864-874. A study on the diversity of bat species, their community structure and pattern 
of roosting preference, has been conducted in twelve caves in Gombong Karst, Central Java. Bats were caught at the roosting place 
during the day. Length, width, and height of cave passage were measured, as well as a number of entrances and cave’s ventilation were 
also calculated. In addition, microclimate parameters were measured under the bat roosts. Data were analyzed by ANOVA, Redundancy 
analysis (RDA) and canonical correspondence analysis (CCA). Fifteen species (eleven species of insectivorous bats and four species of 
fruit bats) were recorded. The result also shows that the length, height, and width of the cave passage influenced the community 
structure of bats. While the other physical factors, i.e. sound intensity, distance from the cave entrance, temperature, humidity, and light 
intensity influence the bat nesting preference. Furthermore, there were five groups of bats which have a specific pattern of roosting 
preference.  

Keywords: Bat, cave, Gombong karst, roosting preference  

INTRODUCTION 

Indonesia is one of a country rich in biodiversity. One 
of them is the karst ecosystem. Karst ecosystem is a 
community of living creatures with various environmental 
factors located in the certain area contained bedrock in 
term of limestone or chalk. The specific characteristics of 
karst region are sinkholes gaps (water nests), underground 
rivers and caves  (Gutiérrez et al. 2014). 

Gombong Karst region is one of large karst region in 
Indonesia specifically located in the southern part of 
Central Java, at a latitude of 7 ° 27'-7 ° 50 ' and 109 ° 22' - 
109 ° 50 'E (Disparhub Kebumen 2004). This region is part 
of the Sunda shelf. According to Whitten et al. (1996), 
Sunda shelf was originally a shallow tropical sea with a lot 
of precipitated calcium carbonate in the basis produced by 
limestone skeleton of animals and foraminifera. The 
seafloor was pushed up by tectonic style which 
consequently formed rows of karst hills. This is reinforced 
by the CGS-GAI (2006), which stated that the surface 
layers of Gombong Karst contained limestone formed from 
many fossils of marine life such as Radiolaria, 
Hedbergella, Ratalipora and Bolivisoides cf. exculpta. 
Furthermore, the process of abrasion caused the dissolved 
process of limestone continuously resulting in the 
formation of branching cave, with the dark and damp 
conditions, a stable temperature, and a limited air 
circulation. According to Duran and Centano (2002), the 
walls and the roof in each cave formed different physical 
characteristics and microclimates. Those differences caused 
each cave possessed a unique microclimate inhabited by a 

specific type of fauna and diverse species. According to 
Altringham (1996) and Zahn and Hager (2005), several 
species of bats preferred to form a nest in those caves as 
pleasant habitat presented by cave conditions which mostly 
in damp conditions, stable temperature, and tranquil 
condition. However, each species of bats apparently choose 
nest in the appropriate caves based on the need of their 
body condition (Nam 2009). In the area of Gombong karst, 
there are about 112 karst caves in which of more than 60 
caves were bat inhabitation (Disparhub Kebumen 2004 ). It 
is predicted that in each cave of Gombong karst region 
possessed a diverse species of bats.  

Based on several results of the study, it is highly 
evidenced that each species of bats apparently choose nest 
in the certain cave based on the need of their body 
conditions. Zahn and Hager (2005) reported that Myotis 
daubentonii males, for example, occupy the cooler site of 
the cave in Central Europe compared to that of M. 
daubentonii females. Duran and Centano (2002) also 
proved that Pteronotus quadridens nested in the cave with 
the range temperature from 28oC to 35 °C, but Erophylla 
sezekorni formed a nest in the cave at a temperature 
between 25°C and 28° C. According to Wiantoro (2012) 
who researched the caves in Buni Ayu, Sukabumi, West 
Java proved that the physical form and the temperature of 
caves were important factors to determine the perch of 
diverse bat species. In that research, the average air 
temperature of caves ranged between 26.67 and 28.46 oC, 
while the air humidity ranged from 81.5 to 84.48%. In 
addition, many studies reported that another factor such as 
the physical and microclimate condition of caves had 
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effects on the nest selection of bat in caves of Gombong 
karst region. 

The objectives of this study were to assess the diversity 
of cave-dwelling bats in Gombong Karst region in 
Kebumen, Central Java, and to assess the effect of physical 
condition of caves to the community structure of bats, as 
well as to identify physical factors and the microclimate of 
the cave influenced on the pattern of bat nest selection in 
caves. It was hypothesized that the diversity, abundance, 
and evenness of bat species in caves was significantly 
influenced by the physical form of caves such as the length 
of the hallway, the height of hall, the number of doors, and 
the amount of cave's ventilation. In addition, it was 
predicted that the pattern of bat nest selection was 
influenced by the distance of the cave entrance, the roof 
height, the temperature and humidity, the wind speed, the 
light and sound intensity, levels of oxygen and ammonia 
levels around the nest. 

MATERIALS AND METHODS 

The research location  
The location of this study was in Gombong Karst 

region, Kebumen, Central Java located at latitude of 7°36 '- 
7°48' and 109°24'-109°28' W. Observations were carried 
out in 12 caves located in the Gombong karst region 
including the Macan cave (07º39.745 S, 109º26.163 E); 
Celeng cave (07º42.38 S, 109º23.624 E); Dempo cave 
(07º40.195 S, 109º25.632 BT), Jatijajar cave ( (07º39.994 S, 
109º25.262 E), Kampil cave (07º42.389 S, 109º23.836 E); 
Kemit cave (07º42.247 S, 109º23.638 E); Liyah cave 
(07º42.392 S, 109º23.838 E); Petruk cave (07º42.315 S, 
109º24.130 E); Sigong cave (07º42.487 S, 109º23.389 E); 
Tiktikan cave (07º40.166LS, 109º25.595 E); Tratag cave 
(07º42.267 S, 109º23.66 E) (Figure 1). Identification of 
samples was then conducted in the Laboratory of mammals 
at Research Center for Biology, Indonesian Institut of 
Sciences (LIPI) in Cibinong, Bogor, West Java, Indonesia. 

Research methods 
Based on the preliminary survey, it was known that 

there were 112 caves in Gombong karst region which were 
then selected about 10% of a total number of caves or 
around 12 caves as an object of the research. Those 12 
caves were then divided into four groups based on the 
length of the hall of the cave, i.e short hall cave which less 
than 100 m (Tiktikan cave, Tratag cave and Sigong cave); 
medium hall cave with the range from 100 m to 200 m 
(Macan cave, Dempo cave, and Kampil cave), the long hall 
cave with the range of 200 m to 350 m (Inten cave, Kemit 
cave, Jatijajar cave), and the long hall cave with the range 
of more than 350 m (Petruk cave, Celeng cave and Liyah 
cave). The coordinates of each cave were determined using 
GPS. Observation of nesting bats done by searching all hall 
of cave started from the entrance to the duck of the cave.   

The physical parameters of the cave were measured 
including the length, the width and the height of the 
hallway cave, the number of entrance and ventilation of the 
cave. The length of cave hallway was measured from the 

entrance to the duck of cave using tape meter. The method 
used in this study was forward method (HIKESPI 2004) 
which conducted as follows: the first person stand to the 
first point of the cave and the second one at the second 
point in the turn way of the hallway cave until the 
measurement was done; the same procedure was continued 
to the next point of the hallway cave until the last point in 
the duck of cave. The width of the hallway cave was 
measured as follows: the five location in the hallway was 
determined randomly which were then measured their 
width (perpendicular from one wall to the other wall of the 
opposite cave) using a laser distance meter, and then 
calculated the average. The height of hallway cave was also 
measured at five locations which were randomly selected 
and then calculated the average (HIKESPI 2004). 

Physical parameters of nest microclimate were 
measured during the light day under bat nest location by 
selecting the closest distance from the nest site which could 
be easily reached. These measurements were repeated until 
three times in different days. Equipment used in this study 
such as air temperature for measuring relative humidity, 
weather meter for measuring wind speed, the measurement 
of light intensity using a lux meter, and sound intensity 
using a sound level meter. In this study, the wind speed 
was measured using anemometer and the percentages of 
oxygen levels using oxygen meters. The measurement of 
air ammonia content was done as follows: the air under bat 
nest was inspired using a piped vacuum which was then 
flowed into Pingel already containing NH3 as an absorbent 
for 120 minutes. The absorbent solution that has been 
mixed with NH3 from the air was transferred into a sealed 
tube. NH3 concentration readings were performed in the 
laboratory using a spectrophotometer. 

Before catching a bat samples, the estimation of the 
number of bat species living in each nest was done by 
observation using infra-red binoculars binocular. If there 
were more than one bat species in a nest, it must be ensured 
that both types of species were caught. Sampling was 
carried out at each bat nest. The sampling method was done 
by considering the condition of the cave including cave 
formations, stalactites position and the height of cave roof 
height. The sampling method was done as follows: 1) using 
sessile net (hand net), if the formation of cave was simple 
and could be easily reached using hand net; 2) Using a mist 
net which was installed in the hall of the cave, when the 
nest location was in high position, and the hall way of the 
cave was too wide. Mist net was installed at the closest 
distance from the nest (<5 meters) for a moment while 
waiting and observing the bat targets were finally trapped. 
In this method, it must be ascertained that the captured bats 
came from the observed nests (not from other nests) 
because during the sampling, commonly, bats will fly 
sporadically as an effect of the arrival interruption from the 
observer. At that time, the mist net mounted on bamboo 
was immediately spread so that it was highly hoped that the 
captured bats were from the observed nests. Samples of 
captured bats were then incorporated into calico bags, 
which were then measured their morphometry using the 
mammal identification book by Corbet and Hill (1992). 
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Figure 1. The LANDSAT satellite images of Gombong karst in Kebumen, Central Java, Indonesia (Modification of Wijayanti et al. 2012) 
 
 
 
Data analysis 

The abundance of bat population in each nest was 
calculated by estimating the vast nest using the formula as 
follows: P = D x L. Where P = abundance of bat 
populations (individuals); D = density (individuals / 
meter2); and L = area of occupancy (meter2) (Saroni 2006). 
The index of bat species diversity in each cave was 
determined using formula of diversity index (H ') by 
Shannon and Wiener as follows: H' = - Σ (ni / N) ln (ni / 
N); Where H '= index of diversity; ni = number of an 
individual species i; N = the total number of individuals 

(Magurran 2004). Evenness index was analyzed using 
Simpson evenness index (E), with the following formula E 
= H '/ ln S; Where, E = equity index, H '= index of 
diversity; S = the number of species (Magurran 2004).  

The tendency of the relationship between the physical 
parameters of the caves and the structure of bat community 
were analyzed by multivariate analysis RDA (redundancy 
analysis). RDA is a model translation of linear regression 
with variables X and Y. The physical parameters were 
analyzed including long hallway of the cage, the height of 
hallways, the wide of hallway cave, the amount of 

1. Macan Cave 
2. Celeng Cave 
3. Dempo Cave 
4. Inten Cave 
5. Jatijajar Cave 
6. Kampil Cave 
7. Kemit Cave 
8. Liyah Cave 
9. Petruk Cave 
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12. Tratag Cave 

Forest 
Mixed garden 
Paddy field 
Developed land 
Bare land 
Shrubs 
Water 
Data deficient 

Landuses: 

BANYUMAS

DISTRICT OF KEBUMEN



WIJAYANTI et al. – Nest preference of bat species at bat-dwelling caves 

 

867

ventilation, and the number of the cave entrance. RDA was 
then calculated using Canoco software for Windows 4.5 
(Koneri 2007). The correlation value of physical factors 
caves with the structure of bat community was determine 
using Spearman correlation test with a level of confidence 
at 95% using SPSS software 15 version. 

The effect of cave microclimates toward the bat nest 
selection was analyzed by multivariate analysis CCA 
(canonical correspondence analysis) using Conoco 
software for Windows 4.5. The use of CCA method aimed 
to determine the relationship of the data matrix and the 
environmental factors as well as reveal the maximum 
information of both parameters simultaneously in the 
graphic forms. The data matrix consisting of bat species 
and environmental factors in terms of different nine 
parameters including the entrance distance, the nest height, 
temperature, humidity, light intensity, sound intensity, 
wind speed, air oxygen percentage, and air ammonia levels. 
The highest effect of the microclimates on the selection of 
bat nest was sorted out using RDA (redundancy analysis) 
with forwarding selection method which was then tested 
using a Monte Carlo permutation with a number of 199 
random permutations (Koneri 2007). 

RESULTS AND DISCUSSION 

The biodiversity and the pattern of bat nest distribution 
From the total of 12 observed cave, 10 of them has been 

inhabited by bats, and two other were uninhabited. Type of 
bats living in caves consisted of four species of fruit bats 
such as Cynopterus horsfieldii, Cynopterus brachyotis, 
Rouseattus amplexicaudatus, Eonycteris spelaea (Figure 
2), and eleven species of bats eating insects including 
Chaerophon plicatus, Hipposideros ater, Hipposideros cf. 
ater, Hipposideros sp., Hipposideros bicolor; Hipposideros 
sorenseni, Hipposideros diadema, Rhinolophus borneensis, 
Rhinolophus affinis, Miniopterus australis, and 
Miniopterus schreibersii (Figure 3). 

Petruk cave became the most inhabited cave of bat 
species with around nine types of bats living on it, followed 
by a Celeng cave (4 bat types), Dempo cave, Liyah cave, 
Inten cave, Kemit cave, Jatijajar cave which consisted of 3 
type of bats, Macan cave (2 types), Sigong caves and 
Tratag cave (1 species). However, Tiktikan cave and 
Kampil cave apparently were not populated. The physical 
condition of the cave and community structure of bats 
found in Gombong Karst caves was presented in Table 1. 
There were indications that some species of bats only 
occupied one nest in a cave. Interestingly, in the Jatijajar 
cave, two nests of bat species, H. sorenseni, were found in 
one cave which the location of those nest was far apart 
from each other. Meanwhile, in other caves, the species of 
bats only occupy one nest in a cave.  

In this study, Fruit bats that mostly found in the nest 
were species of E. spelaea (5 nests), followed by C. 
brachyotis (4 nests), R. amplexicaudatus (3 nests); and C. 
horsfieldii (1 nest). Insectivorous bats were H. sorenseni (6 
nest), followed by Hipposideros sp. and C. plicatus with 2 
nests while another species such as H. diadema, M. 

australis, M. schreibersii, R. affinis and R. borneensis with 
only one nest. The distribution of species and abundance of 
bats found in each cave was presented in Table 2. 

The number of bat species found in Kars Gombong 
caves reached 15 species or at least 10% of a total 230 
found species in Indonesia reported by Suyanto et al. 
(2001). The number of found species in this study could be 
categorized in high number compared to other researchers, 
which has been conducted either in different regions in 
Indonesia and another country. For example, research 
conducted by Pujirianti (2006) found 13 species of bats in 
karst region of Alas Purwo, Apriandi et al. (2008) found 10 
species of bats in caves of Gudawang, Bogor, West Java; 
and Wiantoro (2012) found 5 species of bats in the cave of 
Buni Ayu, Sukabumi, West Java. However, the number of 
species found in this study was less than those obtained by 
Suyanto and Struebig (2007) which found 36 species of 
bats in the karst area of East Kalimantan Sangkulirang. 
Outside Indonesia, eight type of bats was found in Karst 
Istanbul Turkey (Furman and Ozgul 2002), 11 species of 
bats in Britain Britain (Parsons et al.,2002) and 14 species 
of bats in Wind Cave Nature Reserve in Sarawak Malaysia 
(Rahman et al. 2011). The results of this study indicated 
that diversity of bat species in Gombong Karst was high. 
This might happen due to the different size of caves and 
geomorphology of caves in Gombong Karst regions 
leading to the varied formation of the physical 
environment. Each different condition of caves produced a 
unique micro-habitats which potentially inhabited by 
different species of bats. Besides, the food availability of 
feed and water sources in Gombong Karst region also 
supported many species of bats to live and survive. The 
caves used as a location in this study was located entirely 
in karst forest surrounded by farmland. According to 
Riswan et al. (2006), the vegetation of karst forest in 
Gombong Karst region consisted of 187 plant species 
included 125 genera and 60 plant tribes. Based on the 
observation of the research location, most farmland in Kars 
Gombong planted by rice crops and other plantation crops 
including maize, cassava, rambutan, durian, banana, and 
vegetables. The agricultural and forest vegetation provided 
food for all season especially for insectivorous bats and 
fruit bats. Research conducted by Arrizabalaga et al. (2015) 
in Karrantza Valley, northern Iberian Peninsula, proved 
that each type of insectivorous bats required most of all 
specific phase of insects as the main food for bats in line 
with the growth stage of the bat. Therefore, the existence of 
insectivorous bats in a habitat not only depended on the 
availability of different types of insects as a food source but 
also the availability of insects with different phases of 
development throughout the season. The diversity of plant 
species of forest and farmland around Kars Gombong could 
provide the insects with different phases throughout the 
season. This was also reinforced by Threlfall et al. (2012) 
in Sydney, Australia who reported that most of the bat 
activity showed a significant different in varied types of 
habitats. The most preferred region of bat activity was 
dense vegetation followed by riparian (vegetation around 
the river), shrubs, sandy soil and the lowest settlement. 
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Figure 2. The species of fruit bats were found in the 10 of observed caves of Gombong Karst, Central Java, Indonesia: A. C. horsfieldii; 
B. C. brachyotis; C. E. spelaea; D. R. amplexicaudatus 
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Figure 3. The species of insectivorous bats were found in the 10 of observed caves of Gombong Karst, Central Java, Indonesia. A. H. 
ater; B. H. cf. ater; C. H. bicolor; D. H. sorenseni; E. Hipposideros sp.; F. R. affinis; G. R. borneensis; H. M. schreibersii; I. C. plicatus; 
J. M. australis; K. H. diadema 
 
 
 

The number of bat species was mostly found in Petruk 
cave. This might happen due to the environmental variation 
formed in Petruk cave. This was in accordance with 
Castillo et al. (2009) who reported that the environmental 
conditions inside the cave were different can differ in each 
different zones leading to the separation of microclimates 
in a cave space. Those microclimate separations could 
trigger the organism diversity. In Deal karst, E. spelaea 

was a type of fruit bats that commonly found. According to 
Acharya et al. (2015). E. spelaea was fruit bats whose 
mostly formed a nest in caves. These fruit bats have 
developed the echolocation ability to adapt in a dark cave. 
Furthermore, these species could hunt to the far area up to 
8 km from their nest in the cave located in Southern 
Thailand (Acharya et al. 2015). In Indonesia, E. spelaea 
has been found nesting in the karst cave (Maryanto and  
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Table 1. The physical condition of caves and the community structure of bats in Gombong Karst, Central Java, Indonesia 
  

Cave name The cave physical condition  The structure of bat community 
PL (m) LL (m) TL (m) P V  N (individual)  S H' E 

Sigong 40 4.8 1.8 1 0  3.7±1.15 1 0  - 
Tiktikan 58 8.2 3.1 1 0  0 0 0 - 
Tratag 68 8.4 2.6 2 4  2.0±1.20 1 0 - 
Dempo 104 18 8.9 3 4  82.5±14.80 3 0.47±0.07 0.39±0.03 
Kampil 104 4.4 3.1 1 0  0 0 0 - 
Macan 185 10.4 4.2 2 1  98.3±11.59 2 0.16±0.09 0.53±0.02 
Inten 208 18 14.2 1 2  1008.3±7.10 3 1.02±0.01 0.67±0.01 
Kemit 210 10.2 6.8 1 0  1266.6±44.00 3 0.85±0.16 0.55±0.08 
Jatijajar 310 12.8 12.6 3 3  802.0±52.40 3 0.93±0.10 0.58±0.07 
Liyah 380 22 8.4 2 2  715.0±125.60 3 1.03±0.01 0.65±0.01 
Celeng 410 26 6.2 1 0  876.0±26.00 4 0.91±0.08 0.05±0.13 
Petruk 420 32 14.2 2 3  4540.6±45.00 9 1.49±0.09 0.21±0.01 
Note: PL = The length of cave hallway; P = the number of the cave entrance; S = the number of species; LL = the width of cave passage; 
V = ventilation cave; H '= index of biodiversity; TL = the height of cave passage; N = abundance; E = index of evenness 
 
 
 
Table 2. The distribution and abundance of bat species in each 
observed caves in Gombong Karst, Central Java, Indonesia 
 

Cave name Bat species The abundance of 
species (individual) 

Barat  C. brachyotis 2.91 
H. sorenseni 96 

Celeng  R. amplexicaudatus 5.33 
 E. spelaea 5.33 
 C. plicatus 606.6 
 H. sorenseni 263.3 
Dempok  R. amplexicaudatus 4.5 

E. spelaea 2 
Inten E. spelaea 3.25 
 M. australis 488.75 
 R. affinis 550 
Jatijajar C. horsfieldii 5.3 
 H. sorenseni 313.2 
 Hipposideros sp. 261.3 
Kemit E. spelaea 4 
 H. sorenseni 458 
 Hipposideros sp. 205.3 
Liyah C. brachyotis 4.25 
 M. schreibersii 388 
 H. sorenseni 365 
Petruk C. brachyotis 2.5 
 R. amplexicaudatus 3.25 
 H. sorenseni 115 
 C. plicatus 3137.5 
 H. bicolor 467 
 H. diadema 18.5 
 H cf. ater  577 
 H. ater 135.5 
 R. borneensis 50 
Sigong E. spelaea 3.6 
Tratag C. brachyotis 6 

  
 

Maharadatunkamsi 1991; Suyanto 2001; Pujirianti 2006). 
Interestingly, two types of fruit bats found in this study, 
C. horsfieldii and C. brachyotis, were found nesting in 
karst cave. These findings were in contrast to previous 
research conducted either in Indonesia or other countries 
which mentioned that those species could not be found 

nesting in karst caves. Both species of bats were often 
found nesting in the trees (Ruczynski et al. 2007; 
Soegiharto and Kartono 2009). In this study, those species 
were found in the mouth of the cave. This might happen 
due to the mouth/door of observed caves mostly occupied 
by wide tree canopy, which it was predicted as a favored 
habitat for those species. Both types of bats periodically 
migrated from the tree canopy around one cave entrance to 
other cave entrance. In addition, the mouth of the cave 
where bats were discovered had a big size of cave entrance 
causing the light of the sun could intensely enter the cave. 
Therefore, C. horsfieldii and C. brachyotis allowed to use 
their sight brightly inside the cave as well as seeing outside 
the cave. Based on the results, five clans of insectivorous 
bats were successfully obtained in this study. These results 
apparently in line with previous researchers who reported 
that those clan mostly formed a nest in karst caves located 
in both Indonesia and other countries (Zahn and Hager 
2005; Saroni 2006; Pujirianti 2006; Apriandi et al. 2008; 
Rahman et al. 2011). This indicated that these clans were 
cave dwellers whose already well-adapted to the 
environmental conditions of the cave. According to Zahn 
and Hager (2005), these several types of bats selected the 
cave as their habitat due to the suitable condition of the 
cave for living purposes such as damp conditions, stable 
temperature, and less noise. Under these conditions, bats 
could minimize water shortage for reducing evaporation, 
could choose the right temperature for the body, and could 
avoid the noisy causing the bat death. The dark conditions 
inside caves become unnecessary problem for insectivorous 
bats because they had echolocation system which could 
detect objects around them using the reflected wave (echo/ 
echo) with ultrasonic frequency. This echolocation enabled 
bat to determine the space orientation in the dark caves 
(Ulrich et al. 2003; Rahman et al. 2011). 

The structure of bat community  
The community structure in this study was in term of 

bat presence in the certain space in caves by identifying 
and analyzing the abundance, species diversity index and 
evenness index. Results showed that the abundance and 
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diversity index of bat species was highest in Petruk cave, 
while the highest evenness index was obtained in Inten 
cave. The average and standard deviation of the community 
structure of bat cave were presented in Table 1. The result 
from RDA analysis showed that there was a correlation 
between the structure of bat community and the physical 
characteristics of the cave. To be specific, the physical cave 
parameters including long cave passage (PG), the wide 
hallways of cave (LG) and the high cave passage (TG) was 
significantly correlated (P <0.05) with abundance (N), an 
index of biodiversity (H ') and evenness index of bat (E). 
However, the number of doors (P) and the number of cave 
ventilation (V) was not significantly correlated (P> 0.05) 
with an abundance (N), species diversity index (H ') and 
evenness index bat (E) (Figure 5). The highest correlation 
of all cave parameters was achieved from the length of 
cave passage (RS = 0827; P <0.05). The positive 
correlation was achieved from the property type (S) relative 
to cave dimension including the height, width and length of 
cave hallways with the highest correlation was achieved 
from the length of cave hallways (RS=0.884; P< 0.05). 
While species diversity index (H’) positively correlated 
with the cave dimension (length, width, height) with the 
highest correlation was obtained from the width of cave 
hallway (RS=0.898; P < 0.05). Another positive correlation 
was also achieved from the evenness index (E) relative to 
the dimension of the cave with the highest correlation was 
obtained from the width of cave hallway (RS = 0.757; P 
<0.05). It means that the more size value of cave dimension 
(length, width, and height), the structure of bat community 
including the number of bat population, the species 
diversity and the proportion of bat nest distribution would 
be greater and higher. However, the number of ventilation 
and the amount of the cave entrance had no significant 
correlation (P> 0.05) with the structure of bat community. 
It means that the structure of bat community in terms of 
abundance, species diversity index and evenness index of 
bats in Gombong Karst caves did not influence by the 
number of doors and the number of cave ventilation.  
 

 
 
Figure 5. Redundancy analysis (RDA) for relationships between 
the structure of bat community and physical cave parameters. 
Abundance (N), property type (S), diversity (H'), and evenness 
(E) with a long bat cave passage (PG), wide hallways cave (LG), 
a high cave passage (TG), the amount of the cave door (P), and a 
number of caves ventilation (V).  

Results from RDA analysis in this study was in line 
with Maguran (2004) who reported that the wider habitat in 
a certain region would lead to the increasing number of 
organism population whose living in that region. The long 
cave hallway could cause the separation of microclimates 
in the cave space. The more microclimates were formed, it 
will cause many bat species nesting in these cave room. 
These findings were in accordance with Sevcik (2003) who 
reported that the diversity index of bat species especially 
Plecotus auritus and P. austriacus was higher in line with 
the wider size of cave hallways. Furthermore, P. auritus 
had a more free maneuver than P. austriacus causing this 
species had the more ability to exploit the habitat further 
(Sevcik 2003). Therefore, the narrow cave hallways would 
likely be inhabited by a certain type of bat whose had a 
specific ability in doing maneuver in the cave. While in the 
wider cave hallways, most types of bats had a diverse 
ability to maneuver in the cave. These also supported by 
Wiantoro (2012) who found that the physical characters of 
cave passage in Buni Ayu, Sukabumi cave determined the 
diverse type of bats nesting inside cave, although the 
physical performances of the cave were done by descriptive 
analysis without further detail measurements analysis. 
Wiantoro (2012) also stated that R. affinis nesting in the 
cave hallways with many ornamental characters had a good 
maneuver, while Miniopterus magnater roosting in the 
cave without ornamental characters had a less maneuver 
performance. In this study, most physical characters of 
cave hallway in the Gombong karst were observed 
although there was no standard method for measuring the 
physical characters of cave hallway with full of stalactite 
and stalagmite so that the effect of the physical characters 
of cave hallway to the bat diversity in the cave was not 
observed further. Interestingly, findings in this study were 
in line with Wiantoro (2012) that R. affinis mostly formed a 
nest in the narrow cave. This also supported by Phelps et 
al. (2016) who stated that the formation of cave hallways 
positively correlated with the diversity of bat species. 

Caves with a short corridor (<100 m) can be inhabited 
by fruit bats while caves with a long hallway (> 100m) was 
a favored habitat for insectivorous bats. The short cave 
corridor had microclimate with hot, light, dry and noisy 
conditions which become unpleasant conditions for 
insectivorous bats for survival life. Interestingly, in Kampil 
cave with the cave hallway more than 100 m in long, the 
length of 4.2 m and height of 3.1 m was inhabited by bats. 
It was predicted that another physical factors and 
microclimate of the cave as limiting factors to bat for 
nesting in the cave. Another factor such as human 
interference had the influence to the bat nest. In this study, 
it was found that there was an excavation activity by illegal 
miners along the hallway of Kampil cave which disturbed 
bats to nest in the cave. The same case was found in 
Tiktikan cave with the short corridor around 58 m which 
had no bat inhabitation due to the limestone mining 
activities in the cave. This mining activity is continuously 
running which cause an annoying sound for bats. This was 
supported by Bungkley et al. (2015) who successfully 
proved that anthropogenic activities inside cave could 
reduce the activity of bats by disturbing the reception of 
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echolocated signal of bats. 
In this study, the number of the cave entrance and the 

amount of cave ventilation did not influence the structure 
of bat community including the abundance, the diversity 
index, and evenness index. This might happen due to most 
type of bats commonly use one-way cave entrance or the 
same ventilation to exit and enter the cave. This was in line 
with Schnitzler et al. (2006) who proved that flight route of 
bats for foraging and nesting purposes apparently use the 
same route. Interestingly, this information was transferred 
from parents to a child by the following behavior.  

The pattern of bat nest selection  
Based on the RDA analysis using forward selection 

showed that five physical parameters of microclimates 
including the distance from the cave entrance, the 
temperature, humidity, light intensity, and the sound 
intensity had influenced the selection of bat roost. Of all 
the five parameters, the sound intensity was a dominant 
parameter which influences the bat nest selection. This 
happens due to the highest eigenvalue was achieved in the 
sound intensity followed by the distance of cave entrance, 
the temperature, humidity and light intensity (Table 3). 
These results were in accordance with Schnitzler et al. 
(2006) who proved that the echolocation signal of certain 
bat species such as Nyctalus noctula and Rhinolophus 
ferrumequinum in the close habitat was longer than in open 
habitat. This happens because in the close room the echo 
production was complex which causes the difficulty for 
bats to analyze the echolocation wave. Therefore, in the 
closed room such as inside cave, the little disturbance will 
cause bats failed to analyze the reflected wave. Of those 
reasons, some type of bats possessing a low frequency of 
echolocation (having a sensitive hearing) will choose to 
nest in the place with the sound intensity close to zero, 
while another bat species having less sensitive hearing will 
mnest to the location with the high sound intensity. This 
result was also reinforced by Threlfall et al. (2012) who 
conducted research in Sydney, Australia that Tadarida 
brasiliensis had 40% lower activity level in the noisy 
location triggered by compressor machine rather than in the 
quiet location. While other bat species including Myotis 
californicus, M. cillolabrum, M. lucifugus, and Parastrellus 
hesperus were not affected by noise. The echolocation of 
bat species emitting a low frequency (35 kHz <<) 
responded to noise by decreasing the activity up to 70% in 
a noisy location than in a quiet location. While bats using 
the high frequency of echolocation (>> 35 kHz) had no 
indication on the changes of activity levels. Furthermore, 
echolocation represented a great diversity in terms of 
duration and amplitude, which had a correlation with bat 
environmental habitat  (Teeling 2009). 

The distance of cave entrance was the second parameter 
after the sound intensity having an effect on the bat roost 
selection. This was because flying in a cave passage with 
long and narrow physical characters, bats need to take a 
good maneuver. As a result, in selecting a nest site, bats 
with a good maneuver ability tended to choose nest sites in 
the far distances from the hallway cave because it was the 
safer place from human interference. Instead, bats with the 

inability to pass through a long cave passage selecting a 
nest in a location close to the entrance cave for easy 
maneuvers. According to Bar et al. (2015), the flying 
maneuver of bats in the dark room had a correlation with 
sensory control. Bats should improve sound sensor by 
integrating sensory information for flight guidance. Of the 
reason, it is predicted that bats nesting in the far distance 
from cave entrance was bats with a good sensoric control 
ability toward the sound.   

Other physical parameters including temperature, 
humidity, and the light intensity were also critical factors 
for bat nest selection. In this study, the temperature was 
ranked number 3 of all physical parameters of 
microclimates relative to bat nest selection. This was in 
accordance to Zukal et al. (2005) who reported that Myotis 
myotis and Rhinolophus hipposideros preferred to nest in 
the warm site with the temperature from 20oC to 26oC for 
hibernation in the cool season. This was because this type 
of bats was grouped as homoiotherm animal (having a 
constant body temperature) which had a narrow tolerant 
capacity on the ambient temperature. This tolerant limits 
might vary in each type of bat species so that different bat 
species might choose different nesting privilege. The 
humidity was also the fourth physical factors which 
influence the bat nest selection. According to Baudinete et 
al. (2000), the petagium membrane (wing) of the bat is 
composed of a thin skin layer which is very sensitive to 
drought. This caused bats with a thin patagium membrane 
likely nesting in the damp sites while bats with a thick 
patagium membrane preferred to choose in the dry cave. 
Another physical parameters, the light intensity was the 
fifth physical factors which influence the bat nest selection. 
In this study, fruit bats mostly formed a nest in the high 
light intensity while insectivorous bats tended to choose in 
the low light intensity. This was in line with Rahman et al. 
(2011) who reported that fruit bats tended to use their sight 
to determine room orientation. While insectivorous bats 
tended to use their echolocation ability to determine room 
orientation so that they did not require the light and 
preferred to choose a nest in the low light intensity. 

 
 

Table 3. The physical parameter of microclimates influence the 
bat nest selection  
 

The physical 
parameters 

The rank of 
influential 

factors 
F λ P value 

Sound intensity 1 10.21 0.09 0.0050* 
Entrance distance  2 5.69 0.05 0.0050* 
Temperature 3 4.89 0.04 0.0050* 
Humidity 4 1.98 0.02 0.0200* 
Light intensity 5 1.84 0.01 0.0100* 
Ammonia  6 1.53 0.01  0.1100 
Height of cave 7 1.41 0.01  0.1600 
Wind speed 8 1.31 0.01  0.2200 
Oxygen levels 9 0.96 0.00  0.2300 
Note: F = F ratio; λ = eigenvalue; * = Significantly different (P 
<0.05). Data obtained from the analysis of the RDA with 
forwarding selection method and tested by using Monte Carlo 
Permutation with 199 random permutations. 
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Figure 6. Analysis Canonical Correspondence Analysis (CCA) types of bats based on the physical condition of the microclimates nest. 
A. Between axis 1 and axis 2, B. Axis 1 and axis 3. 1 = C. plicatus; 2 = H. ater; 3 = H. cf. ater; 4 = H. bicolor; 5 = H. diadema; 6 = 
Hipposideros sp. 7 = H. sorenseni; 8 = M. australis; 9 = M. schreibersii; 10 = R. affinis; 11 = R. borneensis; 12 = C. brachyotis; 13 = C. 
horsfieldii; 14 = E. spelaea; 15 = R. amplexicaudatus; A = The distance from the mouth of the cave; B = Height from the floor of the 
cave; C = Temperature D = humidity; E = intensity of light; F = intensity of the sound; G = H = Oxygen wind speed; I = Ammonia. 
 
 
 
 
 

 
In order to determine the relationship between the 

physical factors of microclimates and the preference of 
nesting selection in each bat species, CCA (Canonical 
correspondence analysis) was conducted to know the 
grouping tendency of bat species relative to the pattern of 
bat nest selection. The result from CCA trends showed that 
five groups of bat species could be formed based on their 
nesting preference after they were compared to the physical 
parameters of microclimates (Table 4). Group 1 was mostly 
fruit bat members, including C. brachyotis, C. horsfieldii, 
E. spelaea and R. amplexicaudatus Group 1 was classified 
based on the physical parameters such as the sound 
intensity> 20 db, close to the cave entrance (<50m), hot 
(temperature> 28.5oC), dry (humidity <65%), and light 
(intense light> 50 lux). This group apparently had the same 
preferences on nest selection due to the same characters of 
anatomy and physiology. This was consistent to Nam 
(2009) who reported that each type of bats needs the 
specific cave environment in accordance with the body's 
metabolism. Furthermore, most Megachiroptera members 
or fruit bats commonly nest on the tree rather than in the 
cave (Ruczynski 2007). This happened because 
Megachiroptera still depending on the sight than the 
echolocation ability so that they need a light to determine 
the environmental orientation. The pattern of bat nest 
selection in this group causes they can inhabit in the short 
hallway of the cave which less than 100 m such as in 

Sigong cave and Tratag cave. This was because inside 
these caves mostly had a space with hot, light, dry and 
noisy conditions.  

Group II consisted of H. sorenseni. Based on the nested 
mapping, this group was mostly found in Gombong Karst 
cave around eight nests. This showed that the preference 
habitats of this group were cool, damp, dark and quiet 
conditions as presented in Gombong Karst cave. This 
finding was a novel results obtained in this study because 
there were no researches who reported the same findings, 
yet. Group III comprised of M schreibersii dan R. affinis. 
This finding was supported by Apriandi et al. (2008) who 
reported that R. affinis in some caves in Karst Gudawang 
Bogor were located in the site with average 180 m from the 
cave entrance, with a temperature of 27.5oC and humidity 
96%. Group IV consisted of C plicata, H. cf. ater, 
Hipposideros sp, dan H. bicolor. This research was in line 
with Twente (2004) who found C plicata in thousand 
numbers in a dome cave in Istambul, Turkey at a distance 
of 200 m from the cave entrance, with the temperature of 
27.5oC. Group V consisted of H. ater and R. borneensis 
which was found at a distance of more than 250 m from the 
cave entrance. This was a slightly different from research 
conducted by Saroni (2006) who found that these species 
was found at a distance of 152 m from the cave entrance, 
with a temperature of 25oC and humidity 85%.  
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Table 4. Bats grouping based on the nest selection patterns  
 

Bat group Type of bats Sound 
intensity (db) 

Distance from cave 
entrance (m) 

Temperature 
 (oC) 

Humidity 
 (%) 

Light intensity 
(lux) 

I C. brachyotis 
C. horsfieldii 
E. spelaea  
R. amplexicaudatus 

≥ 20 
 (noisy) 

≤ 50 
 (close ) 

≥28.5 
 (hot) 

≤65 
 (dry) 

≥ 50 
 (light) 

       
II H. sorenseni 0.5 to 20 

 (quiet) 
50 to 150 
 (medium) 

≤28.5 
 (cool) 

65 to 75 
 (damp) 

5 to 50 
 (dark) 

       
III M schreibersii 

R. affinis 
≤0.5 
 (very quiet) 

150 to 250 
 (far) 

≥28.5 
 (hot) 

65 to 75 
 (damp) 

5 to 50 
 (dark) 

       
IV C. plicatus  

H.cf.ater 
Hipposideros sp. 
H. bicolor 

0.5 to 20 
 (quiet) 

150 to 250 
 (far ) 

≤28.5 
 (cool) 

≥75 
 (very damp) 

≤5 
 (very dark) 

       

V H. ater 
R. borneensis 
 

≤0.5 
 (very quiet) 

≥250 
 (too far) 

≤28.5 
 (cool) 

≥75 
 (very damp) 

≤5 
 (very dark) 

 
 

 
 
In conclusion, from these results, we can conclude that 

the types of bats nesting in Gombong Karst caves 
comprised a total of 15 bat species in which four types of 
them were fruit bats and 11 species were insectivorous 
bats. The abundance, diversity index of species and 
evenness of bats in Gombong Karst caves significantly 
correlated with the length of the hallway cave, cave wide, 
and high cave passage. The more dimension size of 
hallway cave including the length, width, and the height, it 
resulted in the higher level of abundance, diversity, and 
evenness of bat species. While the number of the entrance 
to the cave and the amount of cave ventilation did not 
significantly correlate with the structure of bat community. 
Physical parameters and microclimates of caves including 
sound intensity, distance from the mouth of the cave, 
temperature, humidity, and light intensity had significant 
effects on the selection of bat nest. Based on that 
parameter, there was 5 group of bat that selected the 
nesting site with a specific pattern. Based on this research, 
Gombong Karst is of importance to be proposed as a 
conserved region due to its high diversity of bat species. In 
addition, it is a crucial need for mapping the potential use 
of caves based on the pattern of bat nest selection in 
accordance with the scientific information and results 
obtained from this study.  
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Abstract. Nayasilana IN, Hadisusanto S, Wijayanto H, Atmoko SSU, Prasetyo D, Sihite J, Van Schaik CP. 2017. Behavioral ecology of 
reintroduced Orangutans in the Bukit Batikap, Central Kalimantan, Indonesia. Biodiversitas 18: 875-886. Conversion habitat is the 
major threats to orangutan survival. More than 600 orangutans in rehabilitation center Nyaru Menteng BOSF, Central Kalimantan, 
waiting to be released to their nature habitat. The success of reintroduction is strongly dependent on the ecological component of the 
new habitat’s quality. Orangutans’ spatial behavior strongly related to fruit availability fluctuation, which will effects adaptation 
success. The goal of the study is to differentiate adaptation patterns of reintroduced orangutans (semi-wild and rehabilitant) base on 
habitat suitability. This study focused on 16 reintroduced orangutans (8 semi-wild and 8 rehabilitant) with a distribution of vegetation 
analysis overlaid with ranging for ecology effect. Day journey length and ranging of orangutans were collected for 18 months (2012-
2014) by means of focal animal sampling. Ranging data was analyzed using ArcMap GIS 9.3 Kernels program, the correlation between 
ranging and vegetation by Canonical Correspondence Analysis (CCA), diversity and biodiversity vegetation analysis which was then 
compared to wild orangutans (Sebangau and Tuanan Research Station). We found, 98% of Sorensen’s similarity in vegetation and 
similar diversity for Simpson’s, Shannon-Wiener and biodiversity indexes. Significantly high proportions of food patches consumed 
were fruit (p < 0.81) and rattan (p < 0.58). Our data also show the range of reintroduced orangutan vertical movements were between 0 
m to >20 m, minimum home range for males was 619 ha and females 544 ha, with overlapping areas between orangutans 0.09%-
77.85%. Based on the correlation between ranging and food distribution, reintroduced orangutan distribution was found to be 
concentrated on food resources, with other factors indicating that they still felt comfortable around humans, and ranging was found to be 
similar compared to wild orangutans. In conclusion, an adaptation of reintroduced orangutans, both semi-wild and rehabilitated, in their 
new habitat was found to be similar. 

Keywords: Food patch, orangutan, ranging, vegetation, vertical-use 

INTRODUCTION 

The Bornean orangutan is a critically endangered 
species (Ancrenaz et al. 2016). Habitat loss and hunting 
have led to a large number of wild-born orphaned 
orangutans being cared for within rehabilitation centers, 
where the main goal is to successfully reintroduce them to 
their natural habitat. The reintroduction process requires 
intensive preparation, both of the individual orangutan and 
the habitat into which they will be reintroduced. 
Reintroduction success is strongly dependent on the quality 
and security of the habitat. These newly released animals 
lack the experience and knowledge to navigate this new 
setting, and must quickly learn how to find food and 
develop social relationships. Food availability affects 
orangutan distribution and their behavior when adapting 
with ecological changes (van Schaik and Pfannes 2005). 
Food is also a factor in temporal variability of availability 
(Cannon et al. 2007). Animals will respond to food 
availability, especially fruit, based on changes in habitat 

use. Changes in food availability have different 
consequences on energy use as an adaptation factor. 
Orangutans will also increase their range to defend any 
resources available as an adaptation to habitat change. 

Orangutan range covers different habitat types, from 
high-quality areas with year-long fruit availability, to low-
quality areas with seasonal fruit availability, which is only 
used by a small number of individuals (Meijaard et al. 
2001). Habitat quality influences range behavior (Singleton et 
al. 2009), and because reintroduced orangutans are new to 
their environment, they need time to establish their home 
ranges (Russon 2010). Home range overlap may also occur 
within reintroduced orangutan populations, especially when 
they are still investigating their new habitat, as well as 
competition between individuals while establishing 
dominance relationships (Atmoko 2000; Singleton 2000).  

Orangutans are generally solitary and wide-ranging, 
they are difficult to find therefore no precise figure for 
success are available. Data from Kalimantan imply that 
reintroduction is successful in 20% to 50% of the release 
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apes (Rijksen and Meijaard 1999; Smits et al. 1995). 
Important factors for success are thought to include: if 
orangutan has passed infancy and had spent its early years 
in the wild before capture; if it has been neither too badly 
nor too well treated in captivity, so that full physical and 
mental health can be regained; if dependent on the above, 
independence from human care is encouraged by a gradual 
but determined process; if the center set-up encourages the 
animal to remain arboreal and away from the buildings; if a 
young animal can form a close relationship with another 
individual, and learn by imitation from more independent 
animals; if after quarantine and/or infancy, minimal contact 
is maintained with the center person (who should 
themselves have regular medical checks), and contact with 
visitors is always prevented; if the center and environments 
are isolated by natural barriers from human population and 
agricultural areas. 

Data generated for the survival rate of released 
orangutans can be used as an indicator for the success of 
the reintroduction program between 20-80% (Russon 
2009). The common causes of death include inadequate 
foraging, skill-related injuries (e.g. fall from the tree due to 
inadequate training), assaults by predators and 
conspecifics, and poor health caused by high orangutan 
densities or excessive human contact (Russon 2009). 
Another cause may contribute to the poor survival rate of 
these animals is that many of them have arrived in 
physically and physiologically impaired conditions due to 
accident inadequate rehabilitate care or abuse, and different 
kind of diseases.  

The context of the range includes horizontal and 
vertical spatial use. Orangutans horizontal or vertical 
movements depend on fruit availability fluctuation, which 
affects adaptation success. More than 131 formerly 
rehabilitate individuals from Borneo Orangutan Survival 
Foundation’s (BOSF) orangutan rehabilitation center at 
Nyaru Menteng have been reintroduced to Bukit Batikap 
since February 2012. Those reintroduced orangutans must 
be able to survive with fluctuating food sources. The 
reproductive and vegetative process of fruiting plants also 
affects ranging patterns. Productivity was measured 
through phenology data and food patch usage by each 
orangutan. Forests of high quality provide food sources to 
orangutans (Marshall et al. 2009). Abundant food sources 
may limit the ranging area for each individual and may 
allow interactions between individuals, and vice versa. This 
assumption is that ecological factors affect orangutan 
adaptation. The goal of this study was to differentiate 
adaptation patterns of reintroduced orangutans (semi-wild 
and rehabilitant) based on habitat suitability. We present 
data in order to describe the food patch data on vegetation 
analysis and ranging. We specifically ask whether (i) 
vegetation effects are apparent on semi-wild and 
rehabilitant orangutans, (ii) food patch effect are apparent 
on vegetation, (iii) different pattern of food patch are semi-
wild and rehabilitant (iv) ranging effected orangutan food 
resources, (v) food resource correlated are ranging overlap. 
Finally, we discuss the extent to which these results can be 
generalized to another site where Bornean orangutans 
occur, and provide a recommendation for orangutan 

reintroduction in a new habitat. 

MATERIALS AND METHODS 

Study area 
The study was carried out at the Borneo Orangutan 

Survival Foundation (BOSF) orangutan release area in 
Bukit Batikap Protection Forest (Conservation Forest), 
Central Kalimantan, Indonesia, with a geographical postion 
of 0o24’S - 0o40’N; 113o12’-114o13’ E. Once ready for 
reintroduction, rescued and confiscated orangutans from 
the Nyaru Menteng orangutan reintroduction center are 
transported to the release site at Bukit Batikap Protection 
Forest (Figure 1). Bukit Batikap comprises 35,267 ha and 
the research area covers 8,000 ha of peat swamp high 
quality, lowland rainforest with extensive plateaus, and 
heath forest. Most of the research area is covered at 
elevations 200-500 m asl.  

Habitat 
To measure the forest structure, we identified plant 

species and quantified their height (m), diameter at breast 
height (DBH) at 1.40m above ground in cm and canopy 
cover chosen forest plots (600 x10 m; 950 x 10 m; 900 x 10 
m; 450 x 10 m) and an additional plot around the river 
(1000 x 10 m), within each of the 6 plots, trees were 
measured if DBH was > 10 cm and figs and lianas if > 3 
cm. All species were identified by the scientific name. To 
assess the habitat of the orangutan reintroduction area, we 
developed a list of criteria which were; the number of food 
plant species in each particular area, the mean proportion of 
time feeding on the focal plant species (trees, figs, lianas, 
and pith), and DBH of the focal plant. The six plots then 
were separately calculated for trees, ficus, and liana 
(Mueller-Dombois and Ellenberg 1974). The map of the 
study area was selected with a random number compare 
with release point and camp. The selected were used to 
establish to plots. All plots were established and 
investigated in July 2014. all species (trees, liana, and fig) 
were identified a scientific name and local name. We 
determinate canopy cover as “the proportion of the forest 
floor covered by the vertical projection of the tree crowns”. 
DBH is used as a proxy for crop size of a particular tree 
because it has been shown to be a consistently accurate and 
reliable index of the potential crop size in the tropics 
compared to other methods such as crown volume 
estimation (Chapman et al. 1992; Felton et al. 2003). 

Vegetation analysis as a basis to understand the ecology 
of the orangutan in a new habitat. The order to assess the 
vegetation analysis, we developed a measure, absolute food 
patch value, considering that food resources are the basis of 
a species survival. This measure relates the food patch 
choice of orangutans to the number of food patch species 
present in a particular area and their respective potential 
crop size. Mean proportion of food patch choice was 
calculated for plant species base on behavioral data 
collection from February 2012 until November 2014 (see 
below of all individual orangutans that we followed). The 
per plot was calculated separately for trees, figs, and liana.  
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Figure 1. Location of Bukit Batikap, Murung Raya, Central Kalimantan, Indonesia (0o24’S - 0o40’N; 113o12’-114o13’ E) 
 
 
 
 
Object of study 

Sixteen individual orangutans (Pongo pygmaeus 
wurmbii) were observed: 8 semi-wild individuals (4 males 
and 4 females) and 8 rehabilitant individuals (2 males and 6 
females), between the ages of 8 and 25 years (Table 1). 
Different to semi-wild and rehabilitant, semi-wild 
orangutans are those who at the time of rescue, have 
previously encountered humans yet have retained sufficient 
natural behaviors and vital skills to survive alone in the 
wild. Rehabilitant orangutans are those individuals rescued 
at a young age and/or confiscated from people who have 
kept them in captivity. These orangutans did not have or 
had lost most of the necessary skill to survive 
independently in the forest and thus mush go through and 
intensive rehabilitation process (forest school and the final 
pre-release stage on and island/halfway house), which can 
take up to 7 years on average.  

Before being released, the orangutans had stayed at the 
rehabilitation center for a variable amount of time. Term 
ecological rehabilitation to describe the process by which 
the animal becomes able to survive on its own in the forest 
and social integration to describe its acceptance into the 
wild population and the development of normal social 
responses. Every rehabilitation center has different steps, 
some have forest school or merely a quarantine. But in 
general rehabilitation orangutans from rescue and 

confiscated will be brought to the rehabilitation center. 
Orangutan is given full medical check upon arrival, then 
letter on will go the rehabilitate process one of them is 
having a forest school, after forest school, before they 
release, for semi-wild they when back to cages, but not 
rehabilitate they go to the island (pre-release). In the cages, 
semi-wild get a food 3-7 years, well get rehabilitate a get 
supporting food 6-8 years. They live free really in release 
island (pre-release). All individuals were cared for at Nyaru 
Menteng Orangutan Reintroduction Center, close to 
Palangkaraya, Central Kalimantan, where for rehabilitate 
they had completed a lengthy process of rehabilitation. All 
individuals completed quarantine, rehabilitation process 
and comprehensive health screening prior to release.  

Base on the IUCN Best Practice Guideline for the 
reintroduction of Great Apes (Baker 2002; Beck et al. 
2007), rehabilitate mean held in a rehabilitation center, 
such as enclosures, private homes, or semi-wild 
environments, for a prolonged period after being rescued 
and put into a rehabilitation center. The orangutans are 
fully released into their new habitat and they are no longer 
provisioned by humans. Released orangutans are monitored 
and followed to assess their food patch, climbing skill and 
spatial used compared with vegetation, thus their chance to 
survive in the wild.   
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Table 1. Orangutan reintroduction in Bukit Batikap Protection Forest, Murung Raya, Central Kalimantan, Indonesia 
 

Name of 
individuals Sex Released date 

Age (yr) 
History

Length in rehabilitation 
center (yr) Day Follow  

(N-N) 

Time 
Observation 

(hours) Intake Released Cage Island 
 
Semi-wild 328 (107) 2176.9 
Astrid F 28 Feb 2012 9 14 R 5 - 50 (24) 313.7 
Monic F 28 Feb 2012 4.5-5 8 R 3 - 57 (25) 430.4 
Ika  F 31 Mar 2012 4-4.5 10 R 6 - 43 (10) 281 
Ebol F 09 Aug 2012 2 8 R 6 - 59 (15) 418.1 
Tarzan M 28 Feb 2012 18 25 R 7 - 55 (18) 339.9 
Heldy M 31 Mar 2012 4-4.5 9 R 5 - 33 (9) 222.7 
Jojo M 31 Mar 2012 4-4.5 8 R 4 - 10 (3) 46.2 
Edwan M 14 Feb 2013 4-4.5 9 R 6 - 21 (3) 124.9 

 
Rehabilitation 200 (26) 1182.4 
Emen F 03 Nov 2012 4-4.5 17 C 4 8 42 (3) 252.5 
Gadis F 03 Nov 2012 2.5-3 15 C 4 8 31 (4) 186.7 
Leonora F 03 Nov 2012 3-3.5 16 C 4 8 36 (5) 224.9 
Manggo F 14 Feb 2013 0 7 C - 7 22 (3) 119.5 
Markisa F 14 Feb 2013 4-4.5 17 C 6 8 27 (3) 161.1 
Mita F 17 Aug 2013 3.5-4 17 C 4 10 11 (2) 45.9 
Danur M 16 Feb 2013 4-4.5 17 C 4 14 25 (4) 128 
Mogok M 15 Feb 2013 2-2.5 13 C 4 6 14 (2) 63.8 
 
 
 
 
 
 

Prior to reintroduction, each individual orangutan was 
implanted with a radio transmitter that emits a unique 
individual radio signal which can be detected through a 
handheld radio tracking device. Instead of using radio 
tagging this study used chips which were implanted under 
the skin in their neck and could be checked by a radio 
transmitter, active period of transmitter 3-5 years. This tool 
helps to 70-100% actually found the individual with greater 
ease, with the distance between radio transmitter with an 
individual less than 400m. Once an individual was located, 
he or she would be followed for the entire day. Data were 
recorded using a standardized set of orangutan data-
collection protocol methods with instantaneous focal 
animal sampling (once every 5 minutes) to record general 
behavior (Altman 1974). The data collected were based on 
February 2012 until November 2014, during nest to nest 
follows or until the focal individual was lost, and followed 
pre-established standards published online (Morrogh-
Bernard et al. 2002; van Schaik and van Noordwijk 2003), 
which activities included food patch choice (trees, liana, 
and figs) and vertical orangutan movement (on the ground, 
1-5m, 6-10m, 11-15m, 16-20m and >20m.  

For mapping, individuals were followed all day until 
the built their evening nest. The following day, start the 
follow after day wakes up and leave they’re (morning nest). 
The active day length differed considerably (7-13 hours). 
Every 15 minutes. We recorded the geographic position of 
the focal subject by GPS (Garmin 60Csx) for activity day 
length (horizontal spatial use) and the position of each food 

patch. We divided food patches into three major substrates: 
tree, liana, fig or pith (rattan). The orangutan’s day range 
can provide information on overall range, food availability 
or social alliances. Day range is the total distance traveled 
by an individual from the time they leave their night nest 
right through to the time they build their new night nest. It 
is associated with food abundance, and in general, time 
spent traveling correlates positively with day range and 
home range size (Strier 2000). Determining an orangutan’s 
range can be calculated using Minimum Convex Polygon 
(MCP) and Grid cell (Singleton and van Schaik 2001), but 
MCP may often produce a bigger area than the real range, 
counting unused areas into the range estimation (Wartmann 
2010). The Kernels method for estimating range area 
produces a more accurate result than MCP (Wartmann 
2010; Seaman and Powell 1996; Pettersson 2007).  

Data analysis 
The component analysis was used for the 6 forest plot 

variable and Canonical Correspondent Analysis (CCA) was 
used for the vertical and horizontal space, conducted using 
the program Canoco 4.5 (Leps and Smilauer 2003). For 
statistical analysis, were conducted using the program IBM 
SPSS 20. All tests were two-tailed, some data did not meet 
the assumptions for parametric testing (i.e. normal 
distribution and homogeneous variances between groups), 
and thus were analyzed with non-parametric test (group-
comparison and two independent samples: Mann-Whitney-
U; K independent samples: Kruskal-Wallis, two related 
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samples: Wilcoxon; K related samples: Friedman, Shapiro-
Wilk tests were carried out). For all plot variable and the 
for the variable absolute food patch value. For food choice 
and space used, CCA was performed to select variables. 
CCA was used to determine and analyze the relationship 
between species composition and underlying 
environmental factors and constructed the whole structure 
of species distribution pattern. CCA is simpler and more 
efficient than orthodox statistical analyses, requiring much 
less linear data and giving precise species-environmental 
correlation (Leps and Smilauer 2003). CCA is the method 
the extracts the best synthetic gradients from field data on 
biological communities and environmental features. It 
forms a linear combination of environmental variables that 
maximally separates the niches of the species (Klami et al. 
2013). 

Vegetation analysis used Sorensen’s, Simpson’s, 
Biodiversity and Shannon-Wiener. Calculating community 
similarities (what the communities have in common in 
terms of species), we will Sorensen’s coefficient give a 
value between 0 and 1, the closer value is to 1, the more 
communities have in common (i.e. complete community 
overlap is equal to 1 and complete community dissimilarity 
is equal to 0), Sorensen’s coefficient 2c/s1+s2 (where c is 
number of species two communities have in common, s1 
and s2 is the total number of species found in community 1 
and 2). The Simpson's is dominant because it gives more 
weight to common or dominant species. In this case, a few 
rare species with only a few representative will not affect 
the diversity. The Simpson's N (N-1)/ni (ni-1) (individuals 
of one particular species found (n) divided by the total 
number of individual found (N)). Biodiversity index is the 
assumption that the diversity found within the quadrat is 
representative of study site as a whole, 1-Ʃ (ni (ni-1)/N (N-
1)).The Shannon-Wiener index is an information statistic 
index, which means is assumes all species are represented 
in a sample and that they are randomly sampled. The 
Shannon-Wiener index Ʃpi ln pi (p is the proportion (n/N) 
of individuals of one particular species found (n) divided 
by the total number of individual found (N), ln is the 
natural log, Ʃ is the sum of the calculation, and s is the 
number of species).  

All follow data from GPS to ArcMap GIS 9.3 software 
are routes (line) to be measured to estimate range sizes 
Kernels. Plotting all points at which an individual was 
every seen, given a sample of a point known to be within 
range. The points were then liked using ABODE v.5 
Kernels program for home range method. Food patch 
coordinates that we recorded in the field, were also 
transferred and store in ArcMap GIS software as a point. I 
categorized them into the wood plant, figs, and liana layers. 
After that, day journey length from the moment the 
individual leaves the nest in the morning or point where 
research found the individual to end evening nest when the 
individual lies down. Food patch was measured as a total 
number of each tree or figs or liana seen eaten by 
rehabilitant orangutans divided average of day journey 
length.  

The Kernels density estimator uses non-parametric 
methods for estimating probability density, and because it 
is non-parametric it has the potential to accurately estimate 
densities of any shape, provided that the level of 
smoothness is selected appropriately. The kernels method 
consists of placing a kernel (probability density) over each 
observation point in the sample. A rectangular grid is 
superimposed on the data, and an estimate of density is 
obtained at each grid intersection, using information from 
the entire sample. The density at any location is an estimate 
of the amount of time spent there so that the density will be 
higher in areas with many observations, and lower in areas 
with few observations, thus this method is appropriate for 
analyzing habitat use.  

RESULTS AND DISCUSSION 

During their daily activities period, all individuals were 
recorded as present. Some newly released orangutans use 
the space in their habitat to a search of food, making 
difficult to find individuals or to locate them after they 
were lost during focal follows. This means it is difficult to 
distinguish between an individual being present but going 
unrecorded and individual not present in the study area. 
This is unfortunate because presence can also be used to 
estimate survival (Table 1). Of the sixteen individual, 8 
semi-wild (4 males and 4 females) and 8 rehabilitant (2 
males and 6 females), one year after semi-wild and 
rehabilitant males explored the area more thoroughly and 
females were seen again around release point. All of them 
the choice to tree, figs, and liana for food patch and spatial 
use. Spatial use in this study was divided into vertical 
(dependent on tree height) space and horizontal (dependent 
on the range) space. Vegetation structure in the habitat 
correlates with spatial use.  

Vegetation analysis and food patch 
In a total of 6 vegetation plot, we found standard 

deviation for relative dominance, relative density, and 
importance value in each was similar. The top 15 INP 
species utilized by orangutans as food resources were: 
Hydnocarpus sp. (6.550), Syzygium sp. (6.306), Diospyros 
sp. (5.458), Aglaia sp. (4.900), Drypetes polyneura Airy 
Shaw (4.560), Canarium littorale Blume (4.276), Santiria 
sp. (4.265), Spatholobus sp. (4.108), Artocarpus 
anisophyllus Miq. (4.093), Oncosperma horridum (4.082), 
Baccaurea pyriformis Gage (4.021), Dacryodes rugosa 
(Blume) H.J. Lam (3.932), Artocarpus sp. (3.854), 
Canarium sp. (3.438), Baccaurea macrocarpa (Mig.) Mull. 
Arg. (3.255). These species are dominant food tree and nest 
trees, this good condition for food patch was supported, the 
individual. Sorensen’s similarity index on 6 vegetation plot 
is 98%. While Simpson’s diversity (DS), Shannon-
Wiener’s diversity index (H’) and Biodiversity (D), were as 
Table 2.  
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Table 2. Vegetation analysis for six plots  
 

Vegetation plot ST Dev Simpson 
(DS)% 

Biodiversity 
(D) 

Shannon-Wiener
(H') Coordinate m asl. DR KR INP 

N0°02’26.2"; E113°30’02.0" 188 0.04 0.72 1.21 30.76 0.97 3.52 
N0°02’27.9"; E113°29’48.7" 195 0.05 0.84 1.61 18.28 0.95 3.22 
N0°02’19.9"; E113°30’10.4" 148 0.03 0.66 1.15 16.89 0.94 3.17 
N0°07’21.1"; E113°32’59.0" 196 0.03 0.83 1.36 16.48 0.94 3.11 
N0°03’21.8"; E113°31’39.1" 188 0.13 1.40 2.21 11.98 0.92 3.04 
N0°02’31.3"; E113°30’01.7" 147 0.04 0.82 1.49 16.33 0.94 3.17 
 
 

 
 
 

Simpson’s diversity is a calculation of variety which 
takes into records both richness and evenness. Simpson’s 
diversity is a correlation with biodiversity index, it has 
been a useful tool to understand the profile of biodiversity 
across the study area. As Simpson’s diversity has swift 
convergence to limited diversity value for minor sample 
size, therefore is principally suitable for rapidly evaluating 
regions for conservation. Shannon-Wiener diversity index 
value was estimated to be 3.04-3.52. The Shannon-Wiener 
diversity index, which specifies the comparative 
occurrence of many species was used associate species 
abundance and relative richness amongst species. As value 
Shannon-Winer diversity index of 6 plot, which predicts 
that the number of individuals of all species was evenly 
distributed in the study area.  

Vegetation analysis describes the composition and 
number of species that forms a forest. Our research informs 
us that fruit trees in Bukit Batikap illustrate a good forest 
condition, through continuously regenerating parenting 
trees. The presence of fruit trees is a supporting parameter 
for the successful adaptation of reintroduced orangutan in 
Bukit Batikap. The standard deviation for relative 
dominance between 0.03-0.13, relative denseness between 
0.66-1.40 and importance value between 1.15-2.21, show a 
species similarity of vegetation in plots. Sorensen's 
similarity index on 6 vegetation plots describes the 
presence of the composing species in an equal distribution, 
while the diversity index describes abundance and the 
various inter-species vegetation distribution in Bukit 
Batikap.  

The complexity of trees in a community on Simpson's 
index shows that the plot number 1 was the most complex, 
followed by 2, while 3 other plots (3, 4 and 6) had a similar 
complexity in the community. These differed from plot 
number 5 which had lower complexity compared to other 
plots. Shannon-Wiener diversity index on 6 plots also 
indicated that plot number 1 had a higher diversity, 
productivity, and species stability compared to the other 
plots, even if diversity in the other plots were quite similar 
(3.04-3.22). Biodiversity index also had a similar value of 
around 0.92-0.97.  

Variation of proportional food patch usage of semi-wild 
and rehabilitant orangutans at Bukit Batikap are presented 
in Figures 2a and 2b. There was similarity of food patch 
utilization for semi-wild and rehabilitants (t= -0.076, 
p=0.47, α=0.05). The biggest food patches were trees, 
followed by rattan, figs, and lianas.  

The high percentage of tree food patches recorded is 
important information on food patch usage variety. Trees 
are used for movement and nesting areas, as well as 
feeding (Sugardjito and van Hoof 1986; Prasetyo et al. 
2009). Besides trees, the highest food patch usage was 
rattan. This is likely due to the high abundance of rattan, 
which is not affected by season making it an important 
alternative food source for reintroduced orangutans when 
fruit availability is low. Figs also had a higher proportion 
compared to lianas. Base on research, during 2012-2014 
figs is all season to food supply and rattan also always 
there the needs. Fig is similar to rattan as it is not affected 
by different seasons when research time, especially during 
the scarceness of fruits, during In Sumatra, Fig is an 
important food source for primates during food scarceness 
(Rijksen 1978; Sugardjito and van Hoof 1986; Utami at al. 
1997), with a relatively stable fruit production (Rijksen 
1978). Reintroduced orangutans did utilize fig and rattan 
when fruit is scarce. This is developed appropriate foraging 
strategies, orangutans ability for survival and the success of 
reintroduction (Rijken 1978). The other individual, such as 
monkey, she did not eat fig for three years however she 
eats fig leaf after 3-year release. This approach indeed 
gives measure how animals handle their environment (wich 
et al. 2002).  

The vertical and horizontal spatial use 
Vertical orangutan movement ranged from on the 

ground (0 m) to >20 meters. The most frequent vertical use 
by semi-wild orangutans occurred at >20m (31%) and for 
rehabilitant orangutans at 16-20 (23%). The least utilized 
space was similar for both groups, which was 0-5 m height 
for semi-wild (4%) and rehabilitant (6%). They sometimes 
come down from trees (0-5 m), drink from the river. 
Reintroduced orangutans mostly utilized space at 16-20 m 
height (26% average), followed by >20 m height (23%) and 
11-15 m height (22%) (Figure 3), while vegetation analysis 
of the 6 plots show an average tree height of 14.13 m (SD = 
4.24) with an average diameter of 72.65 cm (SD = 55.64). 
This use of space at heights of 16-20 m was supported by 
high fruit availability and high nutrition within that space. 
Trees of sources a high value were are mostly in middle 
and upper of forest (Rijksen 1978). Furthermore, when 
orangutans consumed browse, they occupied the space 
above 20 m, and when consuming pith remained below 10 
m. Reintroduce orangutan did utilize high level to found 
fruit on trees and low level to finding pith or insect in 
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terrestrial. Although pith can be found on the trees, in 
general, the pith is found on terrestrial. Vertical space use 
is also related to the arboreal nature of the orangutans to 
avoid threats on the forest floor. The space between 11-15 
meters was mostly used for resting or moving, as this space 
had an ideal density for moving around.  

Horizontal space use by reintroduced orangutans in 
Bukit Batikap was supported with food source spread. 
Overall, semi-wild to able to use successfully in acquiring 
food, the even encountered semi-wild ranges are larger than 
those of rehabilitated, especially for a female. But different 
for male range (Singleton et al. 2009). rehabilitated 
Average daily ranging area for semi-wild orangutans was 
762 m and rehabilitants 716 m (SD = 279.53) (Figure 4a).  

The home range of reintroduced orangutans in Bukit 
Batikap during the study are presented in Figure 4. 
Orangutans will explore for food and other daily activities, 
which is why home range varies with food patch 
abundance. The biggest home range recorded for the 
reintroduced males was for Danur, a flanged orangutan 
(619 ha), followed by Edwan, a semi-wild unflanged 
orangutan (465 ha) and Tarzan, a semi-wild flanged 
orangutan (243 ha), Home range for males were between 
19-619 ha (SD = 227 ha), while for females in descending 
order; Ebol, a semi-wild orangutan (544 ha), Ika orangutan 
semi-wild (399 ha) and Monic semi-wild (373 ha). Female 
home ranges were between 150-544 ha (SD = 112 ha). A 
significantly smaller home range than other individuals was 
found for Mogok (unflanged male rehabilitated), with only 
19 ha. Mogok (unflanged male) was reticent to explore, 
demonstrated significant resting periods and ranged only 
around the point of his release. The range of semi-wilds 
was 329 ha compared to rehab orangutans’ 279 ha, both of 
which are similar to wild female orangutan range (300-330 
ha) and more than for wild male orangutans in Tuanan and 
Sebangau (Singleton et al. 2009). There was no correlation 
found with point count amount with home range. When the 
number of points its little, but range are bigger, then the 
home range is the biggest and vice versa. The Pearson 

correlation of home range between semi-wild and the rehab 
(0.217), males (0.499) and females (0.149).  

A same spatial use among individuals was often found 
to be overlapping as shown in Table 4. Base on our 
analysis, the home range of individuals overlapping, range 
0-77.85% (0-279.68 ha). This may be caused by the 
abundance and spread of food trees. The largest range 
overlap was recorded between mango and markisa 
(77.85%) which was philopatric (female with offspring), 
followed by Astrid and Tarzan (38.90%), Monic and 
Tarzan (33.90%) and finally Astrid and Monic (30.13%). 
In general, female range overlaps those of other females 
and sub-adult male ranges overlap those of other sub-adult 
males (Galdikas 1979). There was no clear pattern of the 
home range (overlap) use yet because the most individuals 
spend the time to search food and still learning or did not 
know where individuals would need to go to find resources. 
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Figure 3. Vertical use by reintroduced orangutans in Bukit Batikap 
Protection Forest, Murung Raya, Central Kalimantan, Indonesia 
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Figure 2. Food patch utilization frequency of orangutans. A. Semi-wild, B. Rehabilitated 
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Figure 4. The daily range and home range of reintroduced orangutans in Bukit Batikap Protection Forest, Murung Raya, Central 
Kalimantan, Indonesia. A. The daily range, B. Home range 
 
 
   
 
 

 
 
Figure 5. CCA between vegetation analysis and orangutan 
presence in Bukit Batikap Protection Forest, Murung Raya, 
Central Kalimantan, Indonesia based on food patch spread and 
food items (HT-high trees, HL-high liana, HF-high ficus, HP-high 
pith, DBH-Trees, DBH-Liana, DBH-Ficus, DBH-Pith, Food-
Trees, Food-Liana, Food-Ficus, Food-Pith, Flower, Flower-Buds, 
Young Fruit, Ripe Fruit, Young Leaves) 
 
 

Canonical Correspondent Analysis (CCA) result 
showed a total inertia of 1.242. The first axis alone 
explained 60.1% of the total unexplained variance. Taken 
together, the first and second axis of the data set explained 
80.5% of total inertia, indicating a high species-
environment correlation. Orangutan presence and the six 
vegetation plot analysis based on food patches and food 
items showed, linear sum of gradient length of canonical 
(Figure 5). The TT, TL, TF, TP, HT, HL, HF, HP, DBH-T, 
DBH-L, DBH-F, DBH-P, Food-T, Food-L, Food-F, Food-P 
from settlement all showed strong positive correlation with 
te first CCA axis, whereas individuals in the plots of 
intensity showed strong correlation along the second CCA 
axis. Although all environmental variables showed great 
strength, the most influential limiting factor food patch 
(Food-T, Food-L, Food-F and Food-P). The six plots 
vegetation are clustered to the point of the CCA, although 
Sorensen’s test showing the similarity its community.  

The CCA also shows orangutans were focused in 
vegetation plot 3, followed by 1, 2, 5 and 6, while 4 is 
located in a distant place and rarely visited by orangutans, 
even though the vegetation comprised a similar food 
abundance. Food patch trees, figs, and pith are favored by 
orangutans. While moving and resting, orangutans favored 
the height of trees and lianas compared to figs and pith. 
However, there were also some individuals that showed no 
preference for either food sources or movement.  

Kernels analysis showed that reintroduced orangutans’ 
ranging patterns for the study were affected by food source 
abundance (Figure 6a). The ranging area will follow their 
foraging, less food availability for a species might 
consequently make smaller foraging area than habitats with 
high food availability. But assessing food availability is 
difficult, in this study using food patch size. Individuals 
were depended on the seasonal fruit availability and habitat 
quality (van Noordwijk and van Schaik 2005). The ranging 
pattern also visibly overlapped between each individual, 
especially between males and females. Reintroduced 
orangutans seem to influence their abilities to readapt to 
forest life. The sources abundance comparison with 
orangutan density by interpolation model, this indicated as 
the response for habituation individual in this area. The 
space utilization of those individuals by some spatial and 
temporal factor, it’s concentrated in the central area of dark 
color (Figure 6b). The dark color within food resources by 
kernels tools of 17.188-35.651 is high utilize. Orangutans 
utilize central area maximally when supported by food 
patches availability. While the presence of camps also 
shows that reintroduced orangutans still preferred to be 
around humans while carrying out their activities.  

The ranging difference between semi-wild and 
rehabilitant orangutans was tested with Mann-Whitney 
non-parametric test (P-value=0.401). Semi-wild and rehab 
females showed a ranging similarity (P-value=0.033) and 
semi-wild and rehabilitant males showed a ranging 
difference (P-value=1.00). There was no significant 
difference found between semi-wild and rehabilitant 
orangutans, including between semi-wild and rehabilitant 
males and both had a similar home range area. Each 
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individual attempted to find and decide their own range 
based on their chance of finding abundant food patches.  

In general, reintroduced orangutan home range in Bukit 
Batikap was quite similar to wild orangutan home range in 

comparable habitat: Sebangau and Tuanan Research 
Station (Table 5). Data collected in this research describes 
the average home range area of observed reintroduced 
orangutans.  

 
 
 

 

A B 
 
Figure 6. A. Overlay between semi-wild and rehabilitated ranging with food resources and nests; B. Orangutan distribution was found to 
be concentrated on food resources in middle position 

 
 
 
 

Table 4. Overlapping range between individuals of orangutans in Bukit Batikap Protection Forest, Murung Raya, Central Kalimantan, 
Indonesia 
 

Ha 
% Astrid Monic Ika Ebol Heldy Edwan Tarzan Jojo Emen Gadis Leonora Manggo Markisa Mita Mogok Danur

Astrid  160.9 26.67 109.2 - 115.996 158.247 11.91 12.19 - 83.16 9.70 3.86 - - 6.62 
Monic 30.13  72.46 138.5 11.93 105.306 155.788 12.05 1.29 3.91 43.39 41.18 41.79 - - 8.99 
Ika 3.84 10.36  9.933 27.89 3.58 47.09 1.08 - - - - - - - 64.55 
Ebol 14.44 17.81 1.06  0.64 237.98 94.33 79.19 104.42 14.71 110.75 38.55 51.30 - - 8.99 
Heldy - 2.23 5.12 0.09  40.75 11.95 3.30 - - - - - - - 4.82 
Edwan 17.27 14.37 1.06 30.86 6.81 77.45 99.33 1.1269 - 76.55 1.49 8.88 - - 5.98 
Tarzan 38.90 33.90 7.92 13.63 2.96 12.28 10.59 - - 9.22 26.11 26.29 - - 9.39 
Jojo 2.83 2.56 0.21 13.76 1.17 20.83 3.09 - - - - - - - 1.56 
Emen 2.65 0.25 - 17.73 - 0.18 - - 24.29 89.53 - - - - -
Gadis - 0.73 - 2.11 - - - - 8.33 67.10 - - - - -
Leonora 14.23 6.44 - 14.23 - 10.43 1.59 - 22.11 15.11 - - - - -
Manggo 1.56 6.41 - 4.72 - 0.19 4.95 - - - -  279.68 - - -
Markisa 0.60 6.34 - 6.25 - 1.13 4.83 - - - - 77.85  - - -
Mita - - - - - - - - - - - - -  - -
Mogok - - - - - - - - - - - - - - 18.81 
Danur 0.71 0.91 6.77 0.78 0.61 0.55 1.10 0.21 - - - - - - 3.04 
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Table 5. Comparison of home range in Bukit Batikap Protection Forest, Murung Raya, Central Kalimantan, Indonesia with two 
locations (Sebangau and Tuanan Research Station) (Singleton et al. 2009) 
  

Study site 
Island 

Habitat mosaic Study area 
size (ha) 

Study duration 
(months) 

Average home 
range (ha) 

Adult female 
overlap 

Daily path lengths 
- sexually active 

females Subspecies 

Bukit Batikap B-w Homogeneous 8000 18 304 At least 5 689 

Sebangau B-w Homogeneous 900 24 250-330 4 769 

Tuanan B-w Homogeneous 1100 24 250-300 4 1025 
Note: *B-w Borneo, P.p. wurmbii. average home range in Bukit Batikap Protection Forest: semi-wild and rehabilitant 
 

 
 

 
 

Vegetation analysis shows us a forest stratification 
image that orangutans may utilize. Food patches spread in 
the research area correlate positively with orangutan 
presence in vegetation plots. CCA show that existing 
vegetation structure results in an explained all variance of 
the correlation of 92.4% and en eigenvalue of 1.242, thus 
indicating that our hypothesis is correct, vegetation effects 
are apparent on reintroduced orangutans. In generally the 
standardized test scores and aptitude test a positive value 
on orangutan activity while using the space, vertically or 
horizontally to cover food sources. Although, not all 
reintroduced orangutans used vertical space to a tree's 
maximum height, horizontal occupancy is also important.  

During the study, newly reintroduced orangutans 
preferred to occupy heights between 0-5 m, compared to 
wild orangutans. Orangutans spent time on the ground 1-
48% of the time and rarely spent time at the maximum tree 
height. This is different compared to those that have been 
reintroduced for a long time, who spent their time at 16-20 
m (15-37%). Orangutans reportedly spend time at those 
heights for comfort and to reduce fear (Rijksen 1978). Tree 
height choice for orangutans at 16-20 m is affected by food 
source presence, and the ability of orangutans use space at 
this height could be vital to their successful adaptation. The 
successful parameters for reintroduced orangutans are their 
ability to climb in the middle section of the canopy and 
spend time on the ground, and moving arboreally (Rodman 
and Mitani 1987; Ashbury et al. 2015). However, the use of 
space at heights of 16-20 m does not apply to male 
orangutans who spend more time on the ground because of 
their larger body size (Sinervo 1997). Such was the case for 
males Tarzan and Danur, who searched for rattan pith or 
insects (ants, termites) on the ground. Learning and 
understanding vertical space can be easily found in newly 
reintroduced orangutans, even though adult males (flanged 
males) or adult females will sometimes return to moving on 
the ground as a result of their flanged male. Wild adult 
male often travel long distance on the ground, ground use 
by rehabilitants occurred most frequently in the context of 
feeding and seems to result from human contact (Snaith 
1999) 

In addition to vertical space, the use of horizontal space 
is important to understand the movements of reintroduced 
orangutans in their new habitat. Day length range forms a 

home range, that is the influence of horizontal space. 
Horizontal space determined inseparable from the existence 
of a fruit abundance. Range areas also have an impact on 
social behavior, such as flanged male when long call as a 
determinant of territories as part of horizontal space utilize. 
Snaith (1999) reporting on daily ranging behavior also was 
effect by fruit availability was low, the subject was 
exploiting permanent resources, for which there is little 
competition and orangutans can more often to travel and 
feed together under these conditions. Knott et al. in 
Singleton et al. (2009) explain, population density may 
play an additional role in explaining variation density and 
patchy resources should increase of scramble competition 
for food, to which orangutans respond. Orangutans will 
also defend a certain habitat, for reasons such as potential 
food abundance reproduction, which is part of horizontal 
space utilize.  

Observation shows that a number of waypoints of GPS 
and monitoring days do not correlate to the range area and 
reintroduced orangutan presence, as all reintroduced 
orangutans, semi-wild or rehabilitant were still trying to 
find their comfortable ranging area. Research also show 
that males are more difficult to find, and estimates of male 
orangutan range are not clear (Singleton et al. 2009; 
Atmoko et al. 2009). Male orangutans often leave research 
areas for an uncertain amount of time and go missing 
before returning, such as Tarzan and Danur (flanged males) 
who both went missing and returned. The reverse occurred 
with Heldy and Jojo who initially explored around the 
release point, but widened their range and went missing 
during monitoring. Heldy and Jojo (semi-wild subadult 
male) showed typical explorer orangutan behavior. 
Compared to Mogok (rehab-subadult male) who was a 
typical explorer, but stopped during his first-year post-
reintroduction because of illness. Upon reintroduction, he 
limited his activities to around the release point. He 
subsequently went missing for two months before he 
returned to his original release point in an unhealthy 
condition and these factors explain his small home range.  

We recorded on reintroduced orangutans in Bukit 
Batikap are minimum raging since they had not established 
a definite area at that point, especially males. Singleton et 
al. (2009) mention males have a bigger home range area 
compared to females. Furthermore, the factor that 
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determines of food sources trees availability pattern also 
knowledge by raging of reintroduced orangutans. 
Ecological factors such as food tree presence and other 
spatial sources also effect home range, especially within 
females (Cowlishaw and Dunbar 2000). Overlapping home 
range may be caused by several factors such as habitat 
quality, food sources and female presence (Singleton and 
van Schaik 2001; Knott 1998). Competition may also 
happen when individuals were at the same time and 
location in overlapping areas in habitat. Each individual 
will find food source locations, recognizing food species 
and determining food as part of survival behavior in a 
forest (Grundmann et al. 2007). Survival behavior of 
reintroduced orangutans will be demonstrated 
independently depending on personal ability, even though 
inter-individual competition happens. 

Comparison of horizontal spatial use on reintroduced 
orangutans have similarities with other research locations 
(Sebangau and Tuanan Research Station), with an average 
home range of 304 ha, overlapping females in one location 
found on at least five individuals with an adult female daily 
range of 689 m. The philopatric tendencies of female 
orangutans, at Tuanan a mother was seen to interfere when 
her maturing daughter was attacked by another adult 
female. This condition, females do not also need to 
increase their mean daily path length to switch between 
habitat patches. These switches can generally be made with 
journeys that do not exceed the normal day range. Usually, 
that females preferential association (controlling for home 
range overlap) and reproductive synchrony and were 
thought to consist of close relatives (Singleton et al. 2009).  

The reintroduced orangutans in Bukit Batikap still learn 
to survive, even though they had some obstacles. There is 
learning builds on experience, and that increases with 
duration of forest life, that is supported by an ecological 
factor. Russon (2010) explain progress in adjusting to 
forest life can then indicate how quickly and how well 
rehabilitants adapt, how well they were rehabilitant, what 
competencies are difficult to acquire, and who copes best 
or suffers most. Orangutan ex-captives who readapt well to 
forest life may not abandon human ways; simply they 
become adept at both (Russon and Galdikas 1995; Snaith 
1999). Consistent with learning, greater change has been 
found in the first year post release than the second in other 
reintroduced primates (Stoinski and Beck 2004).  

In conclusion, vegetation effects are apparent on 
reintroduced orangutans with food patch utilize and space 
use. There are similarities for food patch and space use 
pattern. Vertical spaces used by earlier reintroduced 
orangutans were at the 16-20m height. Horizontal spatial 
use shows a positive value for orangutans to explore food 
source presence. Reintroduced orangutans did learning 
processes to save energy, as they did space use. Ranging 
area and the home range is a factor on how reintroduced 
orangutans survive in their habitat. Orangutan presence was 
concentrated around the camp during the study, indicating 
that they still felt comfortable around humans. In general, 
reintroduced orangutans (semi-wild and rehabilitants) 
showed similarities in adapting to their new habitat.   
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Abstract. Setyawan. 2017. Short Communication: Abundance of Arbuscular Mycorrhizal Fungal spores associated with corn planted 
with traditional and more modern farming systems at East Nusa Tenggara, Indonesia. Biodiversitas 18: 887-892. Mycorrhizal fungi 
play an important role in improving plant productivity and soil conservation. One factor that may have an impact on the population of 
mycorrhizal fungi in the soil is the land management. The study aimed to investigate the impact of land management on the spore 
density of arbuscular mycorrhiza (AM) associated with corn, and was undertaken at 6 sites in Kupang District of East Nusa Tenggara 
Province, Indonesia Two farming systems (traditional and more modern) were chosen for the study, and three locations were selected to 
represent each farming system practiced. Representative soil samples were taken from each location/farming system for AM observation 
and soil analysis. The results showed that spore density of AM fungi was higher in soil taken from corn plantation with traditional 
practice than that found in soil taken from corn plantation with more modern practice, indicating a negative impact of the more modern 
farming practice on the population of AM fungi. The research should be extended to further investigate the diversity and communities of 
AM fungi at different time and location.  
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INTRODUCTION 

Arbuscular mycorrhizal (AM) fungi, an obligate 
symbiotic mutualism between beneficial soil fungi and 
higher plants, are ecologically important. Arbuscular 
mycorrhiza absorb mineral nutrients, and water from the 
soil and deliver them their host plants in exchange for 
carbohydrate (Smith and Read 2008), may benefit to their 
host by enhancing plant resistance to pathogens (Song et al. 
2015) or abiotic stresses, such as drought (Porcel and Ruiz-
Lozzano 2004), salinity (Ashrafb et al. 2009), and heavy 
metals (Gohre and Paszkowski 2006). More importantly, 
AM may play a vital role to improve soil structure in 
agricultural soils that is critical for the sustainability of the 
land (Jeffries et al. 2003). Although the beneficial effects 
of AM on plant performance and soil health are important 
for the sustainable management of agriculture, less 
attention has been given to the impact of agricultural 
activities in particular land management may have on the 
abundance of AM in the field.   

The occurrence of mycorrhiza (population, diversity, 
and distribution) is closely related to environmental 
conditions including soil (Sieverding 1991). Soil 
conditions, in particular, are constantly changing either 
natural or due to human influence. The change in the soil 
condition by a human through agricultural activities such as 

the intensity of tillage, agrochemical inputs (fertilizers and 
pesticides), and crop rotation can affect the development 
and structure of the AM fungal community (Brundrett 
1991, Sieverding 1991). Tillage may have detrimental 
effect on the survival of AM fungal propagules (Kabir 
2005) and the use of inorganic fertilizers, especially P in 
large amount for long period could have a negative impact 
on the population and the effectiveness of mycorrhiza 
(Ezawa et al. 2000; Joner 2000; Rubio et al. 2003).  

 In East Nusa Tenggara, there are two types of farming 
systems commonly practiced by farmers when growing 
corn, namely traditional practice, and more modern 
practice. In the traditional practice, farmers cultivate the 
soils once a year with a hoe, and do not apply any 
agrochemicals, while in the more modern practice; farmers 
use the tractor for cultivating the soil and agrochemicals 
(inorganic fertilizers, pesticides) are routinely applied. 
There are many studies regarding the relationship between 
land management and AM (Galves et al. 2001; Oehl et al. 
2003; Kabir 2005), however, up to now, no such study has 
been undertaken in the region. Therefore, this was the first 
study to explore indigenous AM fungi in semi-arid 
calcareous land in East Nusa Tenggara aimed to investigate 
the impact of local land management systems on the 
abundance of AM fungi in the soil 
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MATERIALS AND METHODS 

Study area 
East Nusa Tenggara, Indonesia is a semi-arid region 

with average annual rainfall ranging between 1250-1500 
mm per year. In Kupang District particularly, the soils are 
calcareous and commonly less fertile.  

Soil sampling 
Soil samplings were conducted on corn plantation 

where either traditional or more modern farming are 
practiced. In the traditional farming practice, corn is grown 
once a year, soils are ploughed with a hoe before planting, 
and no agrochemical input has been used during growing 
season. In the more modern practice, corn is grown 1 to 2 
times a year, chemical fertilizers (N, P, and K) are routinely 
applied at recommended doses when planting. Furadan 
(insecticide) is commonly applied and other pesticides are 
used when it is necessary. The soils are cultivated with 
hand tractor before planting. The term of more modern is 
used instead of modern just to emphasize that the land use is 
less intensive (only 1-2 times per year) due to unavailability 
of the irrigation system to support the farming system 
(planting mainly depends on rain as water source).  

Soil samples were collected at the end of rainy season 
(March). In each type of farming practice (traditional or  

more modern farming), soils samples were taken at three 
different locations (each type of farming practice consisted 
of three different locations; 6 locations in total). Before 
sampling the soil, the initial survey and interviews were 
conducted to obtain representative corn plantation for each 
type of farming practice. At each location, five soil samples 
were diagonally taken. Soil samples were collected around 
the plant at a depth of 0-20 cm. Soil samples taken were 
partly used for the analysis of AM fungal spore density, 
and the rest were bulked for soil physical and chemical 
properties analysis. Sampling position was plotted using 
GPS coordinates, and other nearby vegetation than corn 
was recorded.   

AM fungal spore density 
Spores of AM fungi were extracted from 100 g soil sub-

samples using the wet-sieving and sucrose methods 
(Tommerup 1988; Brundertt et al. 1996). The sizes of 
sieves used were 750, 250, 150 and 45 μm The AM fungal 
spore was isolated and then counted manually under a 
compound microscope (Leica Galen III). Broken spores 
were not included in the isolation process. Spore density 
was expressed as a number of spores found per 100 g soil 
samples. The spores were grouped into morphotypes based 
on some criteria including color, size, the surface of the 
spore, and subtending hyphae.  

 
 
 

 

 

 
 

 
Figure 1. Study site at 6 locations in Kupang District, East Nusa Tenggara, Indonesia 
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Table 1. Soil chemical properties at corn plantation with traditional and more modern farming practices  
 
Soil variable Value Criteria*) 

Traditional More modern Traditional More modern 
Organic C (%) 2.5 1.76     Moderate Low 
Total N 0.35 0.27   Moderate Moderate 
Available P (mg. kg-1) 84.28 60.59  Very high Very high 
Exchangeable K (Cmol.kg-1) 1.2 1.1   Very high Very high 
Cation exchange capacity (CEC) (Cmol.kg-1) 38.3 38  Very high Very high 
pH 7.3 7.4  Neutral Neutral 
Note: *): Indonesian Center for Agricultural Soil Resources Research and Development (ICALRD) (2009) 
 
 
 
 
 
Soil analysis 

Soil properties were analyzed including pH (H2O); total 
nitrogen (Kjedhal method); available Phosphorus (P) 
(Olsen method); organic Carbon (C; lost on ignition 
method); exchangeable potassium (K), calcium (Ca), 
magnesium (Mg), and natrium (Na) ( saturation of 1 N NH4 
Acetate pH 7); texture (three fractions pipet method).). Soil 
analysis was conducted at the Laboratory of Soil Chemistry 
of Agricultural Faculty of Nusa Cendana University, 
Kupang East Nusa Tenggara. 

Statistical analysis  
Spore density for each location was an average of five 

replicates, while spore density of each farming system was 
an average of 15 replicates (5 samples x 3 locations). Data 
of spore density were log (x+1) transformed before 
analyzing. The data were analyzed using Nested 
(Hierarchical) Analysis of Variance where the locations of 
the study were nested within the farming system practice 
factor.   

RESULTS AND DISCUSSION 

Soil properties 
The soil pH was neutral, very high in P and K, very 

high in exchangeable cations, and moderate total N content. 
Soil organic-C was moderate at corn plantation with 
traditional farming practice, while it was low at corn 
plantation with more modern farming practice. Soil 
textures at both corn plantations with traditional and more 
modern practices were dominated by sandy loam (Tabel 1).  

Effect of land management on AM fungal spore density 
Nested analyses showed that at traditional farming 

practice, the spore density of AM fungi was not 
significantly different between the three locations where 
the soils were sampled. The averages of AM fungi spore 
density of the 3 locations were 3.1, 3.05 and 3.4 spores per 
100 g soil, respectively [(data were log (X+1) 
transformed)]. Similarly, at corn plantation with more 
modern practice, the nested analysis also showed that the 
AM fungal spore density was not significantly different 

between the three locations where the soil samples were 
taken. The average of spore density in location 1, 2 and 3 
were 1.67, 1.54 and 1.58 spores per 100 g soil, respectively 
[(data were log (X+1) transformed)].  

On the contrary, when comparing the spore density of 
AM fungi between the two types of farming system 
(traditional and more modern farming practices) the result 
of nested analysis showed that the spore density of AM 
fungi in soil samples taken from corn plantation with 
traditional farming practice was significantly higher 
(P<0.05) than the spore density of AM fungi found in soil 
samples taken from corn plantation with more modern 
farming practice. The spore density of AM fungi in soils 
sampled from corn plantation with traditional practice was 
1.91 [(data were log (X+1) transformed)] spores per 100 g 
soil) compared with 1.6 spores [(data were log (X+1) 
transformed)] per 100 g soil found in soil sample taken 
from corn plantation with more modern practice (Figure 1). 

Type of spore found on both traditional and more 
modern was similar (6 morphotypes) except one 
morphotype was only found in traditional practices. 
Examples of AM spore morphotypes found are illustrated 
in Figure 2.  

 
 

 

 
 
Figure 1. Spore density of AM fungi in soil sampled from corn 
plantation with traditional practice and more modern farming 
practice. Values are means (n=15) ± SE. Data were log (X+1) 
transformed. 
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A B C 
 

Figure 2. Examples of AM spore morphotypes found in the study. A. Morphotype 1 (white, round, smooth,118 µm) and morphotype 2: 
(light yellow, round, smooth, 47 µm); B. Morphotype 3 (dark brown, round, smooth, 152 µm); C. Morphotype 4 (light brown, round, 
rough surface, 118 µm). Bar = 20 um 
 
 
 
Discussion 

The soil properties at both farming practices were not 
much different; excluding organic C. Availability of P in 
both farming systems was very high, that was possibly due 
to soil pH. The solubility of P is strongly influenced by the 
pH of the soil. Phosphorus will be highly soluble when the 
soil pH is around neutral with the optimum availability 
occurs at the pH 7.2 (Brady and Weil 2002). In addition to 
pH, the high availability of P in the soils might be related 
to the input of P either through fertilization (more modern 
practice) or through the release of P from mineralization of 
organic matters (traditional practice). Exchangeable K and 
CEC of soils of both types of farming practices are high. 
These could be contributed from the parent material. As the 
parent material of the soil at the island of Timor is mainly 
calcareous, it is very likely that the mineral of soils 
contains a high amount of base cations. Besides, the base 
cations are unlikely leached due to low rainfall. The total N 
were moderate at both traditional and more modern 
farming systems, whereas organic-C was moderate at the 
traditional system but low at the more modern farming 
system. Nitrogen and organic-C soil can be affected by 
some factors such as the input of organic matter to the soil, 
intensity of land use, type of crops/vegetation. 
Decomposition of organic matter is generally faster when 
the land is more often cultivated.   

It seemed that only soil organic-C was quite sensitive to 
explain the differences in soil chemical properties between 
the two farming system practiced. The soil organic-C on 
corn plantation with more modern practice was lower than 
that was observed on corn plantation with more modern 
practice, and this might be due to both removing plant 
residues at harvest and the intensity of land use. Organic 
carbon is an important soil factor that can influence the 
physical, chemical and biological properties of the soil 
(Brady and Weil 2002). The growth of soil microorganisms 
is generally stimulated by the addition of organic matter, 
and some studies have reported about the positive effect of 
organic matter on the growth of external mycelium of AM 
fungi (Vaidya et al. 2007; Hammer et al. 2011). 
Accordingly, the organic matter could alter the soil 
condition that may benefit AM fungi. A greater soil organic 
matter in soil could provide a more suitable physical 

growing space that may benefit the growth of AM. For 
instance, improved soil aggregation and soil porosity can 
decrease the mechanical resistance to growth of AM 
hyphae in the soil (Rillig and Steinberg 2002). In addition, 
soil chemical components released during the 
decomposition process of organic matter and the secondary 
metabolites produced by microorganisms involved in 
organic matter decomposition is also considered to 
influence the growth of AM fungal mycelia (Gryndler et al. 
2009).  

This study clearly showed that local farming system 
practice has an impact on AM fungi spore density. An 
agricultural system with less soil disturbance and low input 
of agrochemical has more AM fungal population than an 
agricultural system that was more frequently disturbed and 
received more input of agrochemicals. The impact of 
agricultural activity (fertilizer, pesticide, tillage) on the 
occurrence and affectivity of AM fungi have been widely 
reported. Fertilization, in particular, is an important factor 
influencing AM fungal sporulation. The sporulation of AM 
fungi could be reduced when the soil conditions cannot 
promote plant growth such as extreme low or high soil 
fertility and imbalance nutrient supply especially N and P 
(Baath and Spoke 1989). The use of inorganic fertilizers, 
especially P in large numbers in the long term could have a 
negative impact on the population and the effectiveness of 
AM fungi (Ezawa et al. 2000; Joner 2000; Rubio et al. 
2003). Fertilization could also change AM fungal 
communities' composition (Johnson et al. 1993), and the 
long-term fertilization could cause decreases in AM total 
spore numbers and variation in species diversity, although 
the impact on the AM fungi might depend on sampling 
time (Bhadalung et al. 2005).The impact of inorganic 
fertilizer have on AM biodiversity, however, might be 
different among the species due to differences in sensitivity 
of the species to disturbance or the tolerance to the amount 
of inorganic fertilizer applied (Bhadalung et al. 2005). The 
application of P fertilizer commonly could decrease the 
amount of soluble carbohydrate content in root exudates, 
however, since the species of AM fungi might differ in 
their requirement of soluble carbohydrate (Johnson,      
1993), the response of the species to the application of 
inorganic fertilizer could be variable.  
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In addition to fertilizer, the lower AM fungal spore 
density in more modern corn farming practice could be due 
to some other possibilities. For instance, the frequency of 
tillage and land use at corn plantation with more modern 
farming practice is more intensive than those at corn 
plantation with traditional practice. As a consequent, soils 
are more often disturbed resulting in increased negative 
impact on AM communities. Some studies indicated that 
tillage could negatively affect AM fungal propagules and 
mycorrhizal colonization including the destruction of 
external hyphae network, loss of propagules from top soil 
layer and acceleration of root decomposition (Jasper et al. 
1989; Kabir 2005; Schalamuk and Cabello 2010). Beside 
tillage, the use of other chemicals particularly pesticides 
could also adversely affect mycorrhiza. The use of 
pesticides such as those contained benomyl materials could 
reduce the formation of AM fungi and could inhibit the 
infection of AM fungi on some plants/herbs that in turn 
could decrease the absorption of P (Entry et al. 2002).  

Not many AM fungal spore morphotypes obtained in 
this study, ranging from 6 to 7 morphotypes at more 
modern and traditional practices, respectively. It is not 
known whether the low morphotypes observed is due to 
low diversity of indigenous AM fungi in the location of 
study or due to time for soil samplings. The study was the 
first study to explore indigenous AM fungi in semi-arid 
calcareous land in East Nusa Tenggara, therefore no data of 
AM fungal diversity is available for comparison. 
Furthermore, the soil samples were collected at the end of 
the rainy season that possibly could influence the 
sporulation of certain types of AM, particularly those types 
which are sensitive to high moisture.  

From all the AM fungal morphotypes observed, Glomus 
sp. was the most dominant AM fungal species found in this 
study. Glomus sp. has been reported as the most common 
species and most widely spread of AM fungi than the other 
types (Gai et al. 2006), and was the dominant group of AM 
fungi especially on land that was not often cultivated 
(Schalamuk and Cabello 2010). One type of Gigaspores 
genus was found at traditional farming practice but in very 
low amount (3 spores). 

At traditional farming practice, the spore density of AM 
fungi was not significantly different between the three 
locations where the soils were sampled. The same result 
was also observed at more modern farming practice. These 
results were not surprising as the locations for soil 
sampling were purposively selected through initial survey 
and interviews to ascertain the history of land use in order 
to minimize the variation between the locations. 
Furthermore, the soil properties between the locations 
where the soil was sampled were not much different.   

This study was based on soil sampling conducting once 
at rainy season. Since the sporulation ‘of AM fungi could 
be dynamic in spatial and time, future study for soil 
samplings and root infection observation need to be 
undertaken at different time and location in order to get 
more representative information on the impact of 
agricultural activities on the population and communities of 
AM fungi in these two farming systems. 
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Abstract. Madduppa H, Taurusman AA, Subhan B, Anggraini NP, Fadillah R, Tarman K. 2017. DNA barcoding reveals vulnerable and 
not evaluated species of sea cucumbers (Holothuroidea and Stichopodidae) from Kepulauan Seribu reefs, Indonesia. Biodiversitas 18: 
893-898. DNA Barcoding is a tool in the molecular taxonomy which allows a rapid and precise identification. This tool is needed to 
mitigate difficulties in identifying species of sea cucumbers in Indonesia. This study was conducted to reveal species diversity in sea 
cucumbers (Holothuridae and Stichopodidae), commonly harvested in the Kepulauan Seribu reefs, northern Jakarta, Indonesia, by using 
mitochondrial DNA. Neighbor-joining phylogenetic trees were reconstructed using the Kimura-2 parameter with 1000 of bootstrap 
values. The genetic distance within and between species was investigated. Conservation and trade status of the species were determined 
using IUCN and CITES, respectively. DNA barcoding using mitochondrial Cytochrome oxidase 1 (COI) revealed 7 species from 96 
samples, of which 4 species belonged to the Stichopodidae (Stichopus herrmanni, Stichopus ocellatus, Stichopus horrens, Stichopus 
monotuberculatus), and 3 species to the Holothuridae (Bohadschia bivittata, Actinopyga lecanora and Holothuria leucospilota). 
Phylogenetic analysis showed that the two families were separated with a high bootstrap value. The neighbor-joining tree supported the 
result of identification of the sea cucumber species. The ingroup haplotypes were clustered into four main clades. Stichopus herrmanni 
and S. ocellatus were identified as closely related, which matches their morphological characteristics. Bohadschia bivittata is the most 
distinct species from other species due to the formation of a separate clade in the phylogenetic tree. Stichopus. horrens and S. 
monotuberculatus were also identified as very closely related, which might explain the frequent morphological misidentification of both 
types. The conservation status determined one of the investigated species was categorized as vulnerable, one as least concern, one as not 
evaluated, and four species in data deficient. The population trend of S.s herrmanni was recorded to be decreasing, whereas it remained 
unknown for the other 6 species. Surprisingly, all identified species in this study were not evaluated yet by CITES. This study suggests 
that a proper field monitoring and the establishment of a valid list of commercial and scientific names for the sea cucumbers harvested 
in Kepulauan Seribu is necessary. This would be valuable for keeping trade records and managing and conserving the targeted sea 
cucumber species in the region.   

Keywords: Conservation, coral triangle, invertebrate, overfishing, taxonomy, trepan   

INTRODUCTION 

Sea cucumbers (Phylum Echinodermata) are common 
in tropical ecosystems, such as mangrove forests, seagrass 
meadows, and coral reefs, ranging from shallow water to 
over 3000 meters depth (Purcell et al. 2012). They play an 
important ecological role in kelp forests (Velimirov et al. 
1977; Harrold and Pearse 1989) and coral reefs (Birkeland 
1989). Sea cucumbers live as deposit and suspension 
feeders (Darsono 2002), consuming a combination of 
bacteria, diatoms, and detritus (Yingst 1976; Massin 1982; 
Moriarty 1982). They mature late, have a slow growth and 
low rates of recruitment (Uthicke et al. 2004; Bruckner 

2005), and reproduce seasonal (Conand1981, 1993a, 
1993b; Uthicke 1997).  

Sea cucumbers comprise more than 350 identified 
species in Indonesia and are new species are still being 
discovered in eastern Indonesia (Purwati et al. 2008). 
Identification of sea cucumbers was usually done using 
morphological characteristics (Kamarudin and Rehan 
2015). Morphological identification is conducted by 
macroscopic observations of the external morphology and 
internal organs but works only on very few species. 
Microscopic observations use ossicles, as their unique 
shapes are the most important characteristic for the 
morphological identification of sea cucumbers. Ossicles are 
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small pieces of calcified material that form part of the 
skeleton of a sea cucumber. Identifying species by ossicle 
examination is a very time-consuming method that requires 
highly skilled experts. 

DNA barcoding is a method in molecular taxonomy 
using short DNA sequences to identify species. Target 
DNA barcoding standards for higher animals are markers 
of mitochondrial cytochrome oxidase subunit 1 or 
commonly known as CO1 markers (Hartl and Clark 1989; 
Amos and Hoelzel 1992). DNA barcoding has advantages 
in precision and accuracy in the safe identification of 
species compared with the morphological observations. 
This method has been successfully proven in different 
marine organisms (Jefri et al. 2015; Prehadi et al. 2015; 
Sembiring et al. 2015; Madduppa et al. 2016; Maulid et al. 
2016; Saleky et al. 2016).  

Natural populations of sea cucumbers experience 
pressure by a high exploitation due to the great demand 
from markets in Asia (Conand and Sloan 1989; Conand 
1990; Conand and Byrne 1994; James and James 1994). 

Additionally, sea cucumbers are vulnerable to exploitation 
due to their slow population replenishment and their 
morphological complexities make them difficult to be 
identified to species level. Therefore, this study was conducted 
to identify sea cucumbers harvested in Kepulauan Seribu 
into species level using mitochondrial DNA.  

MATERIALS AND METHODS 

Sample collection and DNA extraction 
A total of 96 sea cucumber specimens of various 

species were collected from Kepulauan Seribu, Jakarta, 
Indonesia (Figure 1) and put into a sea pen culture in 
Pramuka Island for further study. Approximately 1 cm2 of 
tissue was clipped from their ventral podia or mouth 
mantle. The tissue was preserved in 96% ethanol until 
DNA extraction. The genomic DNA was isolated using a 
Geneaid extraction kit (Blood and Tissues) following the 
product’s protocol. 

 
 
 
 
 
 
 

 
 
 
Figure 1. The map of Kepulauan Seribu, located in the north of Jakarta, Indonesia 
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DNA amplification and sequencing 

PCR amplifications were performed in 25 µL reaction 
mixture containing 2 µL 25 mM MgCl2, 2.5 µL 8μM 
dNTPs; 1.25 µL each primer pair 10 mM; 0,125 µL Taq 
DNA polymerase, 2.5 µL 10xPCR Buffer, 2 µL DNA 
template, 13.38 µL deionized water (ddH2O). The 
mitochondrial cytochrome oxidase I (COI) gene was PCR-
amplified using Holo_LCO: 5'-TAA TCA ACT AA (AC) 
CAC AAG ATT GAC GG-3 'and Holo_HCO: 5'-TAA 
ACT TCT GGA TG (AG) CC (AG) AA (AG) AAT CA-3 ' 
(Ahmed 2006). The PCR program was set as follows: an 
initial denaturation at 95°C for 2 min, 30 cycles of 
denaturation (94°C for 1 min), annealing (55 °C for 45 s), 
and extension (72°C for 1 min) with the final extension 
step at 72°C for 10 min. The PCR products were visualized 
to check DNA quality on 1% agarose gels (agarose 0.5 g 
and 50 mL TAE Buffer) with 4 μL ethidium bromide 
(EtBr) as a dye. The positive PCR products were sent to a 
sequencing facility and loaded into an ABI 3130xl 
automated sequencer (Applied Biosystems).  

Data analysis 
Sequences editing and alignment were conducted using 

MEGA 5 (Tamura et al. 2011). Sample identification was, 
performed using the Basic Local Assignment Search Tool 
(BLAST; Altschul et al. 1990). For phylogenetic analysis, 
one or more reference sequences from GenBank sequence 
database with the highest maximum identity to each 
amplicon sequence were downloaded. In the phylogenetic 
tree, Antedon mediterranea (accession number KC626509) 
was used as an outgroup comparison. A neighbor-joining 
phylogenetic tree using Kimura-2 parameter models 
(Kimura 1980) was reconstructed with 1000 replicates of 
bootstrap value. The genetic distance within and between 
species was investigated.  

A review of the conservation status and population 
trend of each species was determined using IUCN 
(International Union for Conservation of Nature and 
Natural Resources) online at http://www.iucnredlist.org/. 
The trade status of identified species was determined using 
CITES (Convention on International Trade in Endangered 
Species) online at http://www.cites.org/. 

RESULTS AND DISCUSSION 

Molecular identification  
All COI sequences obtained from the sea cucumber 

samples were aligned and sequences previously available 
were added to the alignment. All specimens and sampling 
details are shown in Table 1. A total of seven species were 
confirmed as sea cucumber species in this study, using 
mitochondrial markers cytochrome oxidase subunit 1 
(CO1). From the 96 samples, BLAST results through 
GenBank identified Stichopus monotuberculatus (38 
individuals) as the most frequent species, followed by 

Stichopus ocellatus (26 individuals), Stichopus herrmanni 
(22 individuals), Holothuria leucospilota (6 individuals), 
Stichopus horrens (2 individuals), Bohadschia bivittata (1 
individual), and Actinopyga lecanora (1 individual). These 
seven species belong to two families, Holothuridae 
(Bohadschia bivittata, Actinopyga lecanora and Holothuria 
leucospilota) and Stichopodidae (Stichopus herrmanni, 
Stichopus ocellatus, Stichopus horrens, and Stichopus 
monotuberculatus).   

An overall phylogenetic analysis for 96 COI gene 
sequences (using the neighbor-joining method and 
bootstrapping with 1000 replicates) indicated that nearly all 
species form distinct monophyletic clades in accordance 
with previous taxonomic work. Most samples from 
GenBank formed a cluster together with other specimens of 
the respective nominal taxon. Most genera also formed 
monophyletic clades, many of which were not supported by 
high bootstrap values. The in-group haplotypes were 
clustered into four main clades (I-IV) (Figure 2).  

Based on data analysis, the genetic distance of the 
investigated specimens within species and between species 
shows a range of 0.0036-0.0120 and 0.0108-0.2761, 
respectively (Table 2). The lowest value 0.0036 is the 
genetic distance between individuals in Stichopus 
monotuberculatus, which means there are 3-4 different 
bases in 100 nucleotide sequences. While the largest 
genetic distance of 0.0120 for S. horrens means there are 
12 different bases in 100 nucleotide sequences. The 
smallest genetic distance is between S. herrmanni and S. 
ocellatus with 0.0108 indicating one difference of base in 
100 nucleotide base sequences, while the largest genetic 
distance observed between S. ocellatus and Holothuria 
leucospilota (27 different bases in 100 nucleotide 
sequences). Finally, an in-depth phylogenetic analysis of 
all sea cucumber families will require examination of 
additional, more slowly evolving, regions of the genome. 

 
Table 1. Molecular identification of sea cucumbers in Kepulauan 
Seribu generated from NCBI Genbank 
 

Species Common name N 
Genbank 
max. ID 

(%) 
 
Holothuridae 

   

Bohadschia bivittata Two-ribboned sea cucumber 1 99 
Actinopyga lecanora Stone fish 1 99 
Holothuria leucospilota White thread fish 6 99 
 
Stichopodidae 

   

Stichopus herrmanni  Curryfish 22 99 
Stichopus ocellatus Ocellated sea cucumber 26 99 
Stichopus horrens Peanutfish 2 99 
Stichopus monotuberculatusNot designated 

 
36 100 
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Figure 2. Neighbor-joining phylogenetic tree of 96 sequences of sea cucumber with 1000 bootstraps  
 

 
Table 2. Genetic distance within and between species of sea cucumbers (Holothuridae and Stichopodidae) 
 

Species Stichopus 
monotuberculatus 

Holothuria 
leucospilota 

Stichopus 
ocellatus 

Stichopus 
herrmanni  

Stichopus 
horrens 

Bohadschia 
bivittata 

Actinopyga 
lecanora 

Stichopus monotuberculatus 0.0036       
Holothuria leucospilota 0.2573 0.0066      
Stichopus ocellatus 0.0618 0.2761 0.0072     
Stichopus herrmanni  0.0619 0.2710 0.0108 0.0037    
Stichopus horrens 0.0297 0.2610 0.0605 0.0615 0.0120   
Bohadschia bivittata 0.2215 0.2006 0.2231 0.2211 0.2309 0.0108  
Actinopyga lecanora 0.2461 0.2057 0.2500 0.2491 0.2406 0.2027 0.0090 

 
 

Table 3. Conservation status and population trend by IUCN (International Union for Conservation of Nature and Natural Resources) 
and trade status by CITES (Convention on International Trade in Endangered Species). 
 
Species Conservation status Population trend Trade status 
Actinopyga lecanora Data deficient Unknown Not evaluated 
Bohadschia bivittata Not evaluated Unknown Not evaluated 
Holothuria leucospilota Least Concern Unknown Not evaluated 
Stichopus herrmanni  Vulnerable Decreasing Not evaluated 
Stichopus horrens Data deficient Unknown Not evaluated 
Stichopus monotuberculatus Data deficient Unknown Not evaluated 
Stichopus ocellatus Data deficient Unknown Not evaluated 
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Phylogenetic analysis with a neighbor-joining method 
for 96 COI gene sequences indicated that nearly all species 
form distinct monophyletic clades. A total of 7 species 
identified from 96 samples collected from Seribu Island in 
Jakarta using mitochondrial Cytochrome oxidase subunit 1 
(CO1), consisted of 4 species belonging to the 
Stichopodidae (Stichopus herrmanni, Stichopus ocellatus, 
Stichopus horrens, Stichopus monotuberculatus), and 3 
species belonging to the Holothuridae (Bohadschia 
bivittata, Actinopyga lecanora and Holothuria 
leucospilota). The genetic distance within and between 
species clearly showed differences between individuals 
within species, and between species of sea cucumbers in 
this study. Genetic differences are influenced by several 
factors, such as genetic drift and natural selection (Freeland 
2005). Uthicke et al. (2010) have analyzed the relationships 
among many commercial species genetically. 

Stichopus herrmanni and S. ocellatus were identified as 
closely related. Based on morphological characteristics, 
both species have similarities, e.g. yellow to orange in 
color and freckles scattered across the body, or only spots. 
Whereas S. ocellatus can be gray with white fringes, S. 
ocellatus rather has dark brown or black freckles (Purcell et 
al. 2012). The relationship between S. horrens and S. 
monotuberculatus is very close, which might also explain 
the frequent morphologic misidentification of both types. 
Morphologically, both have colors that vary from gray, 
beige, dark red to dark brown or black with patches of 
different color on the dorsal part. In addition, S. horrens 
has huge 'thumb-tack' shaped table ossicles of the dorsal 
papillae, while S. monotuberculatus has ossicles of 
different shapes (Purcell et al. 2012). In phylogeny, 
Bohadschia bivittata has the most different base sequences 
so that this species forms a separate clade to the six other 
species. Bohadschia bivittata displays a light brown color 
with two brown bands across the dorsal part. This species 
is usually buried in the sand during the day. Actinopyga 
lecanora and Holothuria leucospilota have a close 
relationship, but differ morphologically. Actinopyga 
lecanora has a cream-colored to brown body with bright 
spots or dark spots on the body with a white anus (Purcell 
et al. 2012). A. lecanora will harden like a stone when 
threatened (Purwati et al. 2008). The entire body of H. 
leucospilota is black and has an elongated shape with half 
of the posterior portion being slightly widened. 

Conservation and trade status 
Table 3 shown the Conservation status and population 

trend by IUCN (International Union for Conservation of 
Nature and Natural Resources) and trade status by CITES 
(Convention on International Trade in Endangered 
Species). Based on IUCN categories, one of the 
investigated species is categorized as vulnerable, one as 
least concern, one as not evaluated, and four species as data 
deficient. Populations of Stichopus herrmanni are in a 
decreasing trend, while this remains unknown for all other 
six species. Surprisingly, all identified species in this study 
were not evaluated yet by CITES.   

The exploitation of sea cucumbers in the world began in 
the 1980s (Purcell et al. 2012). From 2001 until 2011, 3000 

to 7000 tons of sea cucumbers were traded per year in 
Indonesia (MMAF 2011). Due to their little capacity for 
natural recovery and replenishment, some populations of 
some species have been reduced to such low levels that it 
lead to their economic and ecological extinction (Purcell et 
al. 2012).  

On the markets, the variety of forms and products of sea 
cucumbers makes them difficult to identify to species level. 
The trepan is mainly boiled or fumigated and will appear 
very different. In addition, even in a complete individual, 
most sea cucumbers are morphologically complex and 
difficult to identify. As a result, most Indonesian trade 
records are only recorded as Teripang for all species traded. 
This will, in turn, give impact on the management of 
targeted species and also for the statistical trade records. 
This study showed that all identified sea cucumber species 
were closely related, which shows the importance of using 
genetic identification for effective conservation and 
management. Other studies have shown the importance of 
molecular identification for certain fisheries (e.g. Uthicke 
et al. 2010; Prehadi et al. 2015; Sembiring et al. 2015; 
Madduppa et al. 2016).  

Worldwide, a total of 58 sea cucumber species that are 
economically important belong to two main families, 
Holothuridae and Stichopodidae (Purcell et al. 2012), and 
about 25 species of them are economically important in 
Indonesian waters (Darsono 2002). Some populations of 
sea cucumbers are over-harvested (e.g. Uthicke and 
Conand 2005). However, few efforts for mitigation such as 
developing efficient aquaculture and stock enhancement 
programs are undertaken Indonesia. The Kepulauan Seribu 
once was an important are of sea cucumber diversity and 
abundance in Indonesia. However, because of exploitation 
and habitat destruction, the density of sea cucumbers in the 
Kepulauan Seribu has declined to about 0.016-1.1089 
ind./m2 (Hana 2011). Some other coral reef communities 
have also shown a gradient from Jakarta Bay to the 
northern part of Kepulauan Seribu (Madduppa et al. 2013). 
Six of identified sea cucumber species in this study belong 
to commercially important sea cucumbers of the world by 
FAO (2012), and are exploited for food in Southeast Asia 
(Choo 2008). Unfortunately, the trade status of the seven 
species identified in this study has not been evaluated by 
CITES. Recently, the national strategic plan for the period 
2016 until 2020 for sea cucumber conservation has been 
issued by the Ministry of Marine Affairs and Fisheries of 
Indonesia (Sadili et al. 2015). The strategic plan includes 
providing data and information of sea cucumber fisheries, 
establishing conservation areas for important habitats, 
increasing population numbers of sea cucumbers, and 
developing a national regulation and a standard operational 
procedure of sea cucumber production (Sadili et al. 2015). 
The fast identification of species, proper trade records, and 
stock assessments in exploited areas are important to 
protect these species from local extinction. Therefore, this 
study suggests a proper field monitoring at important sea 
cucumber sites and establishing of a valid list of 
commercial and scientific names for the sea cucumbers 
harvested in Kepulauan Seribu. 
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Abstract. Manna S, Manna S, Ghora TK, Roy A. 2017. Sacred grove as remnant forest: A vegetation analysis. Biodiversitas 18: 899-
908. Sacred groves are the remnants of ancient virgin forest sustaining veritable gene pool that have been gained century-long protection 
through the inherent cultural and religious belief of the ethnic communities. These important local biodiversity hotspots, representing the 
climatic climax of regional plant communities, are gradually being under threat by natural disturbances or anthropopression. Thus 
vegetation analysis of sacred groves is very important to find out their lineage to nearby existing forest. To reach the goal, significant 
plant compositional similarity between the sacred groves with changing distance was measured by 2X2 contingency analysis from 
presence/absence data matrix of major tree species (MTS) and major climber and liana species (MCLS) of 13 sacred groves of a 
particular soil zone. The observation reveals a significant gradual decrease in chi-square value with the increasing distance between the 
groves. Jaccard and Sorensen Coefficients for community similarity also reflect an inverse relationship of any two groves with 
increasing distance. Agglomeration Hierarchical Clustering (AHC) depicts that all the 74 families are found to be clustered into three 
significant groups. In respect of Multiple Correspondence among sacred groves, symmetric and asymmetric plots indicate that there two 
distinct groups have theirs within similarities among families in the groves. The plexus diagram shows a confluence zone of all the 13 
sacred groves which might be the maximum probable area of an ancient riverine wood forest. The study would be helpful in restoration 
of threatened/degraded sacred groves and also guide in the preparation of management plan for the conservation of these relic forest 
fragments.  

Keywords: Ancient forest community similarity multiple correspondence sacred groves vegetation composition 

Abbreviations: MTS = Major Tree Species, MCLS = Major Climber and Liana Species, AHC = Agglomerative Hierarchical 
Clustering, CSA = Community Similarity Analysis, CCj = Jaccard Coefficient for Community similarity, CCs = Sorensen Coefficient 
for Community similarity, OI = Ochiai Index, DI = Dice Index, MCA = Multiple Correspondence Analysis, SGs = Sacred Groves 

INTRODUCTION 

One of the most ancient traditions and wide spread 
phenomenon of old world cultures is the nature 
conservation in form of sacred groves - the community-
based monuments of biological heritage. Every sacred 
grove own legends, lore, and myths as its intricate parts 
that link between the present and past society in terms of 
biodiversity, culture, religious and ethnic belief existing in 
the individual sacred grove (Khan et al. 2008).These sacred 
groves had been a feature of the mythological landscape 
and cultural practices in most of the countries of the globe 
predominantly in Asia, Africa, Australia and part of 
America (South America) (Agbogidi and Benson 2014). In 
various countries, the concept of sacred groves has its roots 
before the prehistoric period of the hunting-gathering 
phases of civilization and particularly in India it started 
long before the Vedic age (Kosambi 1962; Gadgil and 
Vartak 1976).  

Sacred groves of India exist in various forms, including 
burial grounds (Mgumia and Oba 2003; Wadley and Colfer 
2004) and sites of ancestral or deity worship with different 
forms of gesture (Ramakrishnan et al. 1998). The local 
communities established unique taboos which had been 

percolating to the generations since a long period in the 
form of their cultural belief and practice; these often 
prohibit felling of trees and poaching of wild animals, 
though in some cases do allow the collection of firewood, 
fodder, and medicinal plants by local people (Hughes and 
Chandran 1998). 

With the increase in population and change in land and 
land use pattern, human beings have had their footprints on 
the forests, a very common global scenario (Roy and Roy 
2010). The gradual encroachment from the fringes towards 
the forests in the form of agricultural expansion for more 
productivity to meet the increasing demand of human 
population and their settlement results in the fragmentation 
of forest with a patchy distribution. Thus these forest 
patches are the representative of the old forests that has 
been disappeared in the course of time (Yadav et al. 2010) 
and still, some are thriving as remnants (Dendy et al. 
2015). During the last two centuries, extensive degradation 
of forested land produced a mosaic of semi-natural and 
managed ecosystems especially in the northeast central 
Indian landscape (Roy et al. 2013). As ecological patterns, 
function, and processes are associated with landscape 
shape, contiguity and distribution (Kupfer 2006), removal 
of forest cover has created isolated patches of forests, 
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resulting in alteration of the composition, structure, extent 
and spatial patterns of forested land (Heilman 2002). 

The remnant patches were socially protected by the 
ancient people through the tradition of nature worship with 
customary taboos and sanctions that have cultural and 
ecological implications (Anthwal et al. 2006; Drohan et al. 
2012). The compositions of such groves depend on the 
vegetation history which may be multi-species, multi-tier 
primary forest or a cluster of trees (Gokhale et al. 2001). 
Thus, these fragmented landscapes containing diversified 
life forms and geographical features that are delimited and 
protected by traditional ethnic societies to keep these in a 
relatively undisturbed state. This creates a haven for 
variable gene-pools, besides nurturing a lot of threatened 
and endemic taxa representing the ancient way of in-situ 
conservation (Mgumia and Oba 2003). The groves are also 
a very potential source of the genetic resources of wild 
relatives, ancient populations which are significant in 
climate change adaptation and bio-prospecting (Oba 2003; 
Brown et al. 2006). 

Considering the role in nature conservation through 
socio-cultural management practices, sacred groves are a 
center of attraction to many workers for studying plant 
diversity, phytosociology, architecture, ethnomedicine and 
conservation practices (Lebbie and Raymond 1995; 
Anbarashan et al. 2011; Manna et al. 2013; Jayapal et al. 
2014). Thus, present study would focus the level of 
vegetation composition similarities in the different sacred 
groves at a specific terrain to understand the approximate 
size and nature of the ancient forest of which these selected 
sacred groves were in part and also to establish these 
groves as the remnants of ancient forest. Krystal et al. 
(2011) tested the hypothesis to explain the high diversity in 
forest patches due to the establishment of more species 
because of radiation within refugial habitat or retention of 
older paleoendemic species in the forest patches and finally 
supported the latter one in his study.The analysis in the 
present work may be helpful to understand the ancient 
vegetation history including the predominant flora, which 
would be very significant in environmental development 
through better management of the groves and afforestation 
of ancient plants and create conducive conditions for 
restoration and sustenance of wild biodiversity both in local 
demes and wider ranges.  

MATERIALS AND METHODS 

Study area 
Out of several states in the eastern lateritic parts of 

India (Chotanagpur plateau: Bihar, Jharkhand, Odisha, 
Chhattisgarh and West Bengal) the western part of West 
Bengal with its undulated topography is very significant for 
its forest coverage associated with tribal settlement, mainly 
the Santhals containing the largest tribal community having 
precious traditional knowledge as well as ritualistic belief. 
Several sacred groves with their climax community are 
dotted within these tribal settlements most of which are in 
the transition of village, agriculture and forest ecosystems. 
Deciduous trees like Shorea robusta Gaertn. (Vernacular 

name: Shal), Buchanania lanzan Spreng. (Vernacular 
name: Pial), Modhuca latifolia (Roxb.) Macb. (Vernacular 
name: Mohua) are the dominant trees of this dry deciduous 
forest of lateritic region. The tropical climatic condition 
with distinct seasonality [Pre-monsoon (March-May), 
Monsoon (June-August), Post-monsoon (September-
November) and winter (December-February)] shows 
temperature range between 11-42oC, with an annual rainfall 
of 1420 mm and relative humidity of 57.6%. Five distinct 
soil zones (Red Sandy Soil, Red Loamy Soil, Lateritic Soil, 
Older Alluvial Soil and Younger Alluvial Soil) are 
prevalent in that region from west to eastwards. Besides the 
dependence of composition, architecture, and physiognomy 
of the forest on several climatic and altitudinal factors, soil 
types also play a significant role in the structural and 
functional aspects of a particular forest.  

So to know the nature of the ancient forest, 13 sacred 
groves viz. Mundomalini (21,500 sq.m.), Baba Dharmaraj 
(13680 sq.m.), Burobaba Than 1 (1743.2 sq.m.), Burobaba 
Than 2 (3366.66 sq.m.), ShemulBuro (5273.43 sq.m.), 
Nabadurga (1018.75 sq.m.), Jatadhari Baba (2544.44 
sq.m.), Baba Diner Pir (8352 sq.m.), Jhakraburi (5655.55 
sq.m.), KhetrafalTala (7900 sq.m.), Kali Than (788.88 
sq.m.), Baro Thakur (1776 sq.m.) and RokaiBibir Than ( 
15888 sq.m.) distributed within a specific soil zone 
(alluvial) were considered here in the present study (Figure 
1). This alluvial zone was actually the basin of the River 
Mayurakshi and Ajay and extended from 23˚53'22.54"N to 
23˚31'53.24"N and 87˚20'57.86"E to 87˚54'09.06"E 
covering an area of 2579.18 km2. 

Procedures 
A total of 13 sacred groves were seasonally visited 

(especially during pre-monsoon, monsoon, post monsoon 
season) to encounter the plants at their phenological period 
in the study area. Plants were identified following standard 
literature (Hooker 1872-1897; Prain 1903) and matched 
with the material deposited at CAL. The information on 
historical background, rituals, cultures, taboos, possible 
threats were collected from ethnic communities through 
personal communication and community interaction 
through structured and semi-structured interviews. Area of 
each sacred grove was measured in the spot. The 
occurrence of species of different growth forms (herbs, 
shrubs, trees, lianas, and climbers) were noted to generate a 
presence-absence data matrix. It was hypothesized that if 
these 13 sacred groves are the representative of an entire 
old forest, there must be significant plant compositional 
similarities exist. So in accordance to the hypothesis, each 
of these 13 sacred groves are considered here as a sampling 
unit of that entire ancient forest.   

Data analysis 
To study if there is any significant plant compositional 

similarity between each and every sacred grove presence or 
not 2X2 contingency table was prepared from a present-
absence data matrix of 13 sampling units, for pairwise 
comparison between them. A large number of sampling 
units were taken throughout the area to avoid biased chi-
square value as much as possible. For further continuity   
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Figure 1. Location of the studied sacred groves in the alluvial soil zone of Birbhum district, West Bengal, India. Note: Coordinate sites 
number refer to Table 1. 
  
 
 
Table 1. Sacred groves with their geographical position, area and vegetation composition in Birbhum district, West Bengal, India 
 
SG Index 

No. 
Name of 

scared grove Coordinate Area 
(sq. mt.) 

No. of 
total sp. 

No. of 
MTS 

No. of 
MCLS 

1 Mundomalini 23˚46’50.25” N, 87˚40’33.02” E 21500.00 69 35 6 
2 Baba Dharmaraj 23˚42’02.19” N, 87˚40’37.48” E 13680.00 51 22 3 
3 Burobaba than 1 23˚36’58.36” N, 87˚36’36.76” E 1743.20 45 17 6 
4 Burobaba Than 2 23˚36’56.70” N, 87˚35’09.93” E 3366.66 86 24 18 
5 ShemulBuro 23˚36’54.27” N, 87˚32’04.57” E 5273.43 18 9 0 
6 Nabadurga (Bahiri) 23˚38’58.16” N, 87˚46’34.84” E 1018.75 20 11 1 
7 Jatadhari Baba 23˚38’45.76” N, 87˚46’19.95” E 2544.44 51 14 4 
8 Baba Diner Pir 23˚39’03.77” N, 87˚50’03.11” E 8352.00 52 17 6 
9 Jhakraburi 23˚36’47.56” N, 87˚50’44.62” E 5655.55 16 7 2 
10 KhetrafalTala 23˚36’18.99” N, 87˚47’13.20” E 7900.00 35 13 4 
11 Kali Than 23˚36’04.23” N, 87˚47’18.60” E 788.88 26 6 4 
12 Baro Thakur (Amdhara) 23˚35’59.83” N, 87˚47’08.68” E 1776.00 16 8 3 
13 RokaiBibir Than 23˚34’12.19” N, 87˚52’08.72” E 15888.00 88 23 8 
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correction to ensure a closer approximation to the 
theoretical continuous chi-square distribution, Yate’s 
correction formula was adopted. Community Similarity 
Analysis (CSA) was performed by computing Ochiai (OI), 
Dice (DI) index (Ludwig and Reynols 1988) along with 
Sorensen and Jaccard Coefficient (CCs and CCj) (Brower 
et al. 1998).The physical distance between different sacred 
groves was measured using GPS (Germin) and Google 
Earth. A pair of sacred groves with significant chi-square 
value and distance between them was used to see the 
relationship between plant compositional similarities with 
the distance. Change in chi-square value with the 
increasing of every 5 km interval of distance was studied to 
see the significant plant compositional change. Again XL 
STAT 6.01 was used for Multiple Correspondence 
Analysis (MCA) and Agglomerative Hierarchical 
Clustering (AHC) using 74 families containing 254 plant 
species spread within 13 sacred groves to see if there is any 
specific cluster of plant families dominated in these groves 
or not. 

RESULTS AND DISCUSSION 

Results 
In the present soil zone out of 13 sacred groves, grove 1 

(21500 sq. m.) is the largest comprising 35 major tree 
species (MTS) associated with 6 different species of major 
climber and lianas (MCLS). Grove 1 was followed by 
grove 13 (15888.00 sq. m.) harboring 23 MTS with a 
continuous top canopy contributed by 8 species of MCLS. 
Though grove 11 was the smallest sacred grove (788.88 sq. 
m.), it sustained 26 plant species out of which 6 were MTS 
and 4 were MCLS. In spite of large area, grove 12 and 
grove 9 harbored less number of plant species compared to 
grove 11, though the number of MTS was slightly higher in 
these two groves (Table 1). 

A total of 254 plant species belonging to 201 genera 
under 74 families with different life forms (Trees, Shrubs, 
Herbs, Climber and Lianas) were found in those 13 sacred 
groves. Out of 254 plant species, 69 MTS supported a total 
of 29 MCLS. Among the 69 MTS, Streblus asper Lour. 
(Frequency 92.3%) was the most common tree species of 
the 13 sacred groves followed by Azadirachta indica A. 
Juss. (Frequency 76.92%). A total of 29 tree species were 
very less common in these sacred groves as each of the 
species was restricted to any of the grove (Frequency is 
only 7.69%). Out of all MTS, 65.51% was common to the 
flora of the local village ecosystem (though species like 
Acacia auriculiformis A. Cunn., Ailanthus excelsa Roxb., 
Cocos nucifera L., Eucalyptus sp. etc. were commonly 
planted) and 39.48% MTS were frequently observed in the 
nearby unclassed forests (Table 2). 

Most of the MCLS were belonging to the family 
Dioscoreaceae (6 MCLS) followed by Fabaceae (3 MCLS). 
Lianas such as Ventilago denticulata Willd., Derris 
scandens (Roxb.) Benth., Gymnema sylvestre (Retz.) 
Schult. etc. were found mostly associated with the large 
MTS to occupy the top canopy whereas climbers were 

mostly abundant in the fringes of the groves, occupying the 
top of small trees and shrubs, creating dense bushes. Herbs 
and grasses mostly form the ground cover of the outer 
periphery of the groves or sometimes found to be occurred 
along with different alien invasive species like Eupatorium 
odoratum L., Lantana camara L., etc. in the groves where 
top canopy was damaged may be due to some pathogenic 
infection to the MTS. The clumpy occurrence of 
forbs/grasses in the grove floor was noted mainly the 
places where there was no existence of continuous canopy 
such as grove 5, grove 6 and grove 11 (Table 3). 

Grove 1 and grove 5 were the most distantly situated 
sacred groves in the same soil zone followed by grove 5 
and grove 13 and grove 5 and grove 9. Only in these 
groves, 6, 1 and 2 MTS were common between them 
respectively. It was also interesting to note that out of 29 
species of MCLS, though 16 species were supported by 
these groves, there was not a single common MCLS 
present between them. On the other hand, grove 11 and 
grove 12 were the closest of these 13 groves in term of 
physical distance followed by grove 11 and grove 10. Out 
of 27 MTS and 11 MCLS present in these groves, 4 and 5 
MTS and 1 and 2 MCLS were common (Figure 2). 

To know, whether these sacred groves are the remnants 
of the ancient vegetation of this specific soil zone or not, 
2X2 association analysis (Table 4) was performed and 
noted that out of 78 possible pairing, there are 32 pairing 
which has significant similarities in their vegetation 
composition (at 5% probability level). Out of 13 sacred 
groves of this region, 12 groves took active part in these 32 
possible significant vegetation similarity pairing. There 
seem to be some strong possibilities of maximum true 
similarities between grove 10 and grove 11 (at 1% 
probability level) followed by 8 and 11 (at 1% probability 
level). Community Similarity analysis such as Ochiai and 
Dice index (Table 4) and Jaccard and Sorensen Co-efficient 
(Table 5 and Figure 3) was also highest in the case of grove 
10 and grove 11 (Ochiai 0.46, Dice 0.46 and Jaccard 0.3). 
Agglomeration Hierarchical Clustering depicts that all the 
74 families of 254 species spread over 13 sacred groves are 
found to be clustered into three significant groups as C1, 
C2, and C3 (Table 6) based on present/absent of the plant 
families in the studied sacred groves. The dendrogram 
(Figure 4) shows distinct similarity among families within 
groups. In respect of Multiple Correspondence among 
sacred groves, symmetric and asymmetric plots (Figure 5) 
indicate that there two distinct groups have their within 
similarities among families in the groves. In these plots, 
similar types of family clusters were noted in most of the 
sacred groves (10) except Rokaibibi, Baro Thakur 
(Amdhara) and Mundamalini. 

To know the outer periphery and the area of the ancient 
forest of which these 13 sacred groves are the remnants, 
clusters were made by comprising the sacred groves in 
every next 5 km distance. A total of 6 clusters of the pairs 
of sacred groves with significant chi-square value were 
formed of which lowest level of significant similarity (at 
5% probability level) was observed up to 30 km distance 
between two sacred groves (Table 4). A logarithmic pattern   
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Table 2. Major Tree Species (MTS) with frequency percentage (F%) in the sacred groves of Birbhum district, West Bengal, India 
 

MTS Family Frequency percentage (F%) 
Acacia arabica (Lam.) Muhl. ex Willd. Fabaceae 46.15
Acacia catechu (L.f.) Willd. Fabaceae 7.69
Acacia auriculiformis A. Cunn. Fabaceae 15.38
Adenanthera pavonina L. Fabaceae 7.69
Adina cordifolia (Roxb.) Hook. f. Rubiaceae 7.69
Aegle marmelos (L.) Corr. Rutaceae 30.76
Ailanthus excelsa Roxb. Simaroubaceae 15.38
Alangium salviifolium (L.f.) Wang. Alangiaceae 46.15
Albizia lebbeck (L.) Willd. Fabaceae 53.84
Anthocephalus cadamba (Roxb.) Mig. Rubiaceae 15.38
Artocarpus heterophyllus Lam. Moraceae 23.07
Artocarpus lacucha Buch.-Ham. Moraceae 23.07
Azadirachta indica A. Juss. Meliaceae 76.92
Borassus flabellifer L. Arecaceae 53.84
Breynia vitis-idaea (Burm.f.) Fischer Euphorbiaceae 15.38
Bridelia retusa Spreng. Euphorbiaceae 23.07
Buchanania lanzen Spreng. Anacardiaceae 7.69
Butea monosperma (Lam.) Taub. Fabaceae 15.38
Caesalpinia major (Medik.) Dandy & Exell Fabaceae 15.38
Cassia fistula L. Fabaceae 7.69
Ceiba pentandra (L.) Gaertn. Bombaceae 23.07
Crateva adansonii DC. Capparaceae 7.69
Dalbergia sissoo Roxb. Fabaceae 23.07
Diospyros montana Roxb. Ebenaceae 15.38
Eucalyptus sp. Myrtaceae 23.07
Ficus bengalensis L. Moraceae 53.84
Ficus carica L. Moraceae 7.69
Ficus hispida L.f. Moraceae 23.07
Ficus religiosa L. Moraceae 30.76
Ficus reticulata Thunb. Moraceae 7.69
Ficus rumphii Bl. Moraceae 30.76
Flacoursia indica (Burm.f.) Merr. Flacourtiaceae 23.07
Gardenia latifolia Ait. Rubiaceae 7.69
Glycosmis pentaphylla (Retz.) DC. Rutaceae 15.38
Holarrhena antidysenterica (Heyne ex Roth) A. DC. Apocynaceae 7.69
Holoptelea integrifolia (Roxb.) Planch. Ulmaceae 30.76
Lannea coromandelica (Houtt.) Merr. Anacardiaceae 53.84
Limonia acidissima L. Rutaceae 38.46
Leucaena leucocephala (Lam.) de Wit. Fabaceae 15.38
Madhuka latifolia (Roxb.) Macb. Sapindaceae 7.69
Mangifera indica L. Anacardiaceae 15.38
Mimosa rubicaulis Lamk. Fabaceae 15.38
Mimusops elengi L. Sapotaceae 7.69
Mitragyna parvifolia (Roxb.) Korth. Rubiaceae 7.69
Morinda citrifolia L. Rubiaceae 38.46
Morinda tomentosa Hayne ex Roth. Rubiaceae 7.69
Murraya exotica L. Rutaceae 15.38
Murraya koenigii (L.) Spreng. Rutaceae 7.69
Pavetta indica L. Rubiaceae 30.76
Phoenix sylvestris (L.) Roxb. Arecaceae 76.92
Phyllanthus emblica L. Euphorbiaceae 7.69
Polyalthia longofolia (Sonn.) Thw. Annonaceae 7.69
Polyalthia suberosa (Roxb.) Hook.f. & Thomson Annonaceae 7.69
Pongamia pinnata (L.) Pierre Fabaceae 7.69
Putranjiva roxburghii Wall. Euphorbiaceae 23.07
Saraca asoka (Roxb.) Wild. Fabaceae 7.69
Shorea robusta Gaertn. Dipterocarpaceae 7.69
Streblus asper Lour. Moraceae 92.30
Suregada multiflora Baill. Euphorbiaceae 15.38
Syzygium cumini (L.) Skeels. Myrtaceae 30.76
Syzygium jambos L. Myrtaceae 7.69
Tamarindus indica L. Fabaceae 53.84
Tectona grandis L.f. Verbenaceae 7.69
Terminalia arjuna (Roxb.) Wight & Arn. Combretaceae 46.15
Terminalia bellirica (Gaertn.) Roxb. Combretaceae 7.69
Thevetia peruviana (Pers.) K. Schum. Apocynaceae 7.69
Thuja occidentalis L. Cupressaceae 7.69
Trewia nudiflora Wight Euphorbiaceae 7.69
Ziziphus mauritiana Lam. Rhamnaceae 23.07
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Table 3. Major Climber and Liana Species (MCLS) with 
frequency percentage (F%) in the sacred groves of Birbhum 
district, West Bengal, India 
 

MCLS Family 
Freq. 
percent 
(F%) 

Ampelocissus sp Vitaceae 7.14 
Cocculus hirsutus (L.) Diels Menispermaceae 50 
Ventilago denticulata Willd. Rhamnaceae 21.42 
Asparagus racemosus Willd. Asparagaceae 7.14 
Capparis zeylanica L. Capparidaceae  42.85 
Cardiospermum helicacabum L. Sapindaceae 7.14 
Cayratia pedata (Lam.) Gagnep. Vitaceae 7.14 
Cuscuta reflexa Roxb. Cuscutaceae 7.14 
Cassytha filiformis L. Lauraceae 7.14 
Cissampelos pareira L. Menispermaceae 14.28 
Cissus quadrangularis L. Vitaceae 7.14 
Coccinia grandis (L.) Voigt Cucurbitaceae 42.85 
Clitoria ternatea L. Fabaceae 7.14 
Cryptolepis elegans Wall. & G.Don Asclepiadaceae 7.14 
Derris scandens (Roxb.) Benth. Fabaceae 21.42 
Derris uliginosa (DC.) Benth. Fabaceae 7.14 
Dioscorea belophylla Voigt Dioscoreaceae 7.14 
Dioscorea bulbifera L. Dioscoreaceae 35.71 
Dioscorea sp. Dioscoreaceae 7.14 
Dioscorea alata L. Dioscoreaceae 7.14 
Dioscorea daemona Roxb. Dioscoreaceae 7.14 
Dioscorea pentaphylla L. Dioscoreaceae 7.14 
Gloriosa superba L. Liliaceae 14.28 
Gymnema sylvestre (Retz.) Schult. Asclepiadaceae 14.28 
Ichnocarpus frutescens (L.) R.Br. Apocynaceae 64.28 
Mikania scandens (L.) Willd. Asteraceae 21.42 
Passiflora foetida L. Passifloraceae 14.28 
Trichosanthes cucumerina L.  Cucurbitaceae 7.14 
 
 
 

Table 4. Chi-square similarity index with changing distance between 
the sacred grove pairs of Birbhum district, West Bengal, India 
 

Grove pair Distance 
(km) Chi sq. Yet's 

Chi sq 
Association Index
Ochiai Dice

11-12 0.31 20.87 17.16 0.34 0.33
10-11 0.49 39.14 35.47 0.46 0.46
6-7 0.58 12.11 10.17 0.31 0.28
10-12 0.62 12.91 10.36 0.3 0.27
7-10 4.77 10.04 8.65 0.33 0.33
6-10 5.03 8.23 6.4 0.26 0.25
7-11 5.23 12.27 10.53 0.33 0.31
7-12 5.29 9.53 7.64 0.28 0.24
8-9 5.31 5.68 4.26 0.24 0.21
6-11 5.53 5.15 3.55 0.22 0.22
6-12 5.6 12.86 9.65 0.28 0.28
6-9 5.9 5.08 3.87 0.25 0.22
9-11 6 20.87 17.16 0.34 0.33
9-10 6.16 18.86 15.74 0.34 0.31
7-8 6.33 13.77 12.37 0.39 0.39
9-12 6.33 4.48 2.52 0.19 0.19
8-10 7.02 23.89 21.74 0.42 0.41
8-11 7.21 24.65 22.16 0.41 0.38
8-12 7.51 5.68 4.26 0.24 0.21
7-9 8.93 5.69 4.49 0.25 0.21
11-13 9.14 6.79 5.71 0.31 0.26
2-6 11.53 8.4 6.8 0.28 0.25
1-8 14.35 5.77 4.97 0.35 0.35
2-10 15 10.04 8.65 0.33 0.33
3-6 17.34 7.39 5.83 0.27 0.25
2-5 17.39 10.81 8.89 0.3 0.26
3-10 18.06 13.83 12.11 0.35 0.35
1-9 19.3 10.78 8.95 0.3 0.24
1-10 20.08 3.95 3.22 0.3 0.29
2-9 20.34 9.53 7.64 0.38 0.24
1-11 20.58 7.63 6.4 0.31 0.27
5-10 25.73 6.23 4.59 0.24 0.23
4-9 26.7 6.26 4.69 0.27 0.2
1-3 29.85 8.25 7.23 0.36 0.35
 

 

 
Figure 2. Comparison between sacred groves in terms of distance (km), common plant species, common MTS and common MCLS in 
the sacred groves of Birbhum district, West Bengal, India 



MANNA et al. – Sacred grove as remnant forest 

 

905

 

     
 
Figure 3. Relationship of CCs and CCj value with changing distance 
 
 
 

 
 
Figure 4. Dendrogram of plant family clusters in the sacred 
groves of Birbhum district, West Bengal, India 

 

 
 

Figure 6. Relationship between compositional similarities of 
sacred groves in Birbhum district, West Bengal, India with 
changing distance 
 
 
 

 
 

 
 
 
Figure 5. Symmetric and asymmetric plots of sacred groves in Birbhum district, West Bengal, India 
 
 
 
of decreasing of chi-square value with the increasing 
distance between the sacred groves was observed in the 
present study (Figure 6). Plexus diagram based on chi-
square value between the pairs of significantly similar 
sacred groves, was made. Each ellipse in that diagram 

represents the area of similar ancient vegetation with 
significant probability. A 40 km2 area of common 
intersecting ellipses represents the confluence zone of all 
the 13 sacred groves (Figure 7). 
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Discussion 
Unlike the sacred groves of different bio-geographic 

zones of India, groves of plateau region, as in the present 
study, have a dual origin. One can easily visualize a unique 
landscape of ridges and furrows having creeks fed by 
rainwater. Ridges are mostly dominated by agriculture and 
human settlement whereas the furrows are the haven for 
local vegetation along the side of creeks due to the 
availability of water throughout the year. Groves like grove 
1, grove 4, grove 7 and grove 8 are such examples where 
the local vegetation along the side of creeks, are 
traditionally conserved based on ethnic culture, belief, and 
taboos. Rest of the groves located in the ridges, are also the 
conglomeration of the local vegetation developed through 
gradual shrinking due to the expansion of agricultural land. 
It was observed that 51% plant species including 78% of 
MTS and 66.66% of MCLS were found to be common with 
the floristic diversity of a nearby natural forest (Garh 
Jungle, 23°36'22.53" N to 23°35'40.83" N latitude and 
87°27'00.32" E to 87°24'51.51" E longitude, at the southern 
side of the river Ajay) in the same soil zone (Bhattacharya 
and Mukherjee, 2006) unlike the planted forest such as 
Choupahari forest (dominated by Shorea robusta Gaertn., 
Madhuka latifolia (Roxb.) Macb., Buchanania lanzen 
Spreng., Semecarpus anacardium L.f. etc.) situated at the 
western side of the study area. This result clearly supports 
that these sacred groves are the remnants of common 
ancient local vegetation.   

Association of most of the liana species to the large 
MTS may be due to the reliable support of their heavy 
branches. Secondary wood formation also helped them to 
achieve the top canopy of large MTS and rendered them 
fittest in the highly competitive climax community. On the 
other hand, climbers reduce their niche width through 
selecting shrubs and short height trees in the periphery to 
spread their branches to the top canopy creating a bushy 
structure (Manna et al. 2010). 

 
 
 

 
 
 
Figure 7. Plexus diagram of probable area of ancient forest cover 
in the sacred groves of Birbhum district, West Bengal, India 

Table 5. Jaccard and Sorensen Coefficient of Community 
Similarity (CCj and CCs) 
 

Distance cluster (km) CCj CCs 
1—5 0.202 0.34 
5—10 0.191 0.32 
10—15 0.18 0.3 
15—20 0.17 0.28 
20—25 0.16 0.27 
25—30 0.14 0.24 
30—35 0.15 0.25 
 
 
 
Table 6. Agglomerative hierarchical clustering (AHC) of plant 
families in the sacred groves of Birbhum district, West Bengal, 
India 
 

C1 C2 C3 
Agavaceae Alangiaceae Anacardiaceae 
Amaryllidaceae Amaranthaceae Apocynaceae 
Annonaceae Arecaceae  Arecaceae 
Apiaceae Asclepiadaceae Capparidaceae  
Aristolochiaceae Asparagaceae Euphorbiaceae 
Bambusaceae Asteraceae Fabaceae 
Bignoniaceae Combretaceae Malvaceae 
Bombacaceae Convolvulaceae Meliaceae 
Boraginaceae Costaceae Moraceae 
Cactaceae Cucurbitaceae Poaceae 
Commelinaceae Dioscoreaceae Rhamnaceae 
Crassulaceae Lamiaceae Rutaceae 
Cupressaceae Menispermaceae 
Cuscutaceae Myrtaceae 
Cyperaceae Onagraceae 
Dipterocarpaceae Rubiaceae 
Dryopteridaceae Sapindaceae 
Ebenaceae Scrophulariaceae 
Flacourtiaceae Tiliaceae 
Haloragaceae Ulmaceae 
Lauraceae Verbenaceae 
Liliaceae Vitaceae 
Linaceae 
Marsileaceae  
Molluginaceae 
Musaceae 
Nyctaginaceae 
Nymphaeaceae 
Ochnaceae 
Oleaceae 
Orchidaceae 
Pandanaceae  
Passifloraceae 
Sapotaceae 
Schizaeaceae  
Simaroubaceae  
Smilacaceae 
Solanaceae 
Sterculiaceae 
Urticaceae 
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As community dynamics not only depend on the abiotic 
factors but also on the influence of neighboured or 
associated species which have the efficiency in modifying 
the community structure (Turkington et al. 1985 and Lobo 
et al. 2003) and as such we can predict the range of 
extension of a previously prevailed forest area only through 
the study of species compositional similarities between 
existing forest patches on the scale of their physical 
distance. This prediction likely to be much efficient if 
similar edaphic conditions were considered and thus the 
selection of a single soil zone (Alluvial) of a specific 
geographical region, as in the present study, was justified 
for prediction of the ancient nature of the vegetation. The 
comparative riverine vegetation analysis between the forest 
patches along the gradient of a stream in North France 
(Calcada et al. 2013) reveals that longitudinal integrity of 
streams likely increases connectivity within and between 
meta-communities which assist spreading of limited 
dispersal species. But if the intermediate connecting zones 
between the meta-communities along a specific edaphic 
gradient are lost, the range of vegetation influencing zone 
of a particular forest type can be predicted through 
studying similarity and dissimilarity indices of the remnant 
forest patches (plant communities). Jaccard and Sorensen 
Coefficients for community similarity (CCJ & CCS) of the 
present 13 sacred groves distributed in a single soil zone 
(Alluvial) reflects an inverse relationship of any two groves 
with increasing distance (In every 5 km distance cluster). 
Devar (2008) also pointed out that the groves situated in 
distantly related geographical terrain and geological 
conditions show extreme dissimilarity and the reverse is 
also said to be true. In the present study, the 2X2 
community analysis for vegetation similarity pattern also 
depicts that the maximum probability of true significant 
similarity took place between the groves that are closer in 
proximity (0-5 km distance cluster) and interestingly the 
probability of vegetation similarity decreases with the 
increasing distance cluster. Gradual decrease of similarities 
of the MTS and MCLS with increasing distance between 
sacred groves was also noted in this study. From the AHC, 
C1 cluster comprising maximum families (40) was found to 
be dominant in most of the sacred groves and this indicates 
the vegetation similarity of the groves supporting the 
sacred groves of that region are the relic patches of a 
continuous forest. These findings do reveal that a previous 
contiguous vegetation existed that had been fragmented 
and reduced through expansion of agricultural land mostly 
during the settlement of agro-based civilization after 
hunting-gathering nomadic human life. As most of the 
groves are encircled by the agricultural land, that hinders 
germination of propagules, unlike in the fringes of nearby 
sacred groves, having strong inter and intra-specific 
competition, as evidenced in the islands (Page et al. 2010) 
These sacred groves act as meta-community consisting of 
several ancient plant populations with genetic 
interconnection through pollination and dissemination of 
propagules to other similar sets to maintain the gene flow.  

All these 13 sacred groves were found to be distributed 
in a 250 km2 area, represented in the plexus diagram (Fig 
7). Intersecting space of the ellipses in the diagram 

represents a 40 km2 area depicting the maximum probable 
area of an ancient forest sharing a common type of 
vegetation. Trees like Streblus asper Lour., Azadirachta 
indica. A. Juss., Phoenix sylvestris (L.) Roxb., Borassus 
flabelifer L., Albizia lebbeck (L.) Willd., Ficus bengalensis 
L., Alangium salviifolium (L.f.) Wang., Laanea 
cormondalica (Houtt.) Merr., Pongamia pinnata (L.) Pierre 
is the most common and predominant floral components of 
these historically fragmented relic forests similar to the 
lowland riverine wood forest rather the common 
composition of the tropical dry deciduous forests of the 
Chotanagpur plateau. It happens as this region is the basin 
of Mayurakshi (north) and Ajay River (south) which was 
under inundation in the intermittent flood. Deposition of 
silt admixed with older and younger alluvial soil created a 
fabulous environment for growth and development of this 
riverine wood forest that prevailed in the past.  

The concept reflected in the present study is not only 
restricted to a particular landscape but also has the scope of 
application in predicting the previously existed forest area 
along with a clear reflection of the vegetation composition 
and predominant flora of any geographical region of the 
globe.  

Indian landmass has around 20% under forest cover of 
its total geographic area and merely half of this landscape 
still have low fragmentation (Roy et al. 2013), probably 
owing to parliamentary/ institutional, and/or social 
protection (Anthwal et al. 2006). The fragmentation is 
associated with the socio-economic and cultural practices 
and to a large extent to the infrastructural development 
along with agricultural expansion in the region (Drohan et 
al. 2012). Thus development appears to act in a conflict 
with intact nature and its conservation. The continuous 
demand for resources to uplift the socio-economic status of 
the local inhabitants and constructing roads for better 
communication invariably lead to forest fragmentation 
(Forman and Sperling 2003). The areas that are losing the 
natural envelop due to anthropogenic pressure are actually 
losing the priceless gene pool of numerous medicinal and 
commercially important plants including the endemic 
species. The conservation practice of ancient forest patches 
in the form of sacred groves based on traditional socio- 
cultural belief is not confined only to the Indian 
subcontinent, rather having a wider spectrum in the world 
e.g. Estonia, Ghana, Malaysia, Nepal, Nigeria, Thailand, 
USA etc. Thus the sacred groves may be of immense 
importance to unravel the ancient vegetation history, 
through our present study, towards environmental 
development through ecological restoration in urban, semi-
urban and village ecosystems. Such analyses may also be 
applicable to the sacred groves of densely populated 
urban/metropolitan areas to know the vegetation vis-a-vis 
ecological history, as other such disjunct patches are 
seldom to exist. 

The present study may also get importance in the 
preparation of management action plan for conservation 
and revival of the areas under confluence zone of several 
sacred groves with the relic species both in local, regional 
and global level.  
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Abstract. Sarno, Suwignyo RA, Dahlan Z, Munandar, Ridho MR, Aminasih N, Harmida, Armanto ME, Wildayana E. 2017. Short 
Communication: The phenology of Sonneratia alba J. Smith in Berbak and Sembilang National Park, South Sumatra, Indonesia. 
Biodiversitas 18: 909-915. The ecosystem of mangrove forms the largest portion of the habitat in Berbak and Sembilang National Park 
(BSNP), Banyuasin District, South Sumatra Province, Indonesia, which is the largest mangrove area in the western part of Indonesia. There 
is a tendency that the mangrove condition in this area is gradually degrading over time. The main causes of mangrove destructions are both 
natural and human factors. The destructions of mangrove in BSNP directed by human are more than natural factors, for axample, land use 
conversion from wildland into cultivated land, the making of ponds, especially along Banyuasin Peninsula. The information on the 
observation of mangrove phenology is very important for sustainable mangrove management. The observation of mangrove phenology in 
the restoration area of BSNP is intended to study the natural stages of growth and reproductive development of Sonneratia alba J. Smith, the 
local name is Padada. The observation is done by means of tagging methods. Monitoring is conducted periodically from the flowering time 
until the fruit was ripe. The phenology of Sonneratia alba takes about three months from the beginning of flowering until the fruit was ripe.  

Keywords: Climate, conservation, mangrove, phenology, Sonneratia alba  

INTRODUCTION 

Mangrove is defined as a plant species or a type of tree 
as well as a type of forest that grows in the muddy land of 
tidal areas, along a coastal areas with shallow waters and 
along the rivers and creeks of brackish water (Tomlinson 
1994; Nagarajan et al. 2007). The existence of mangrove 
ecosystems is very important because mangroves play apart 
in economic and ecological functions. The economics 
function of mangroves are as the building substance made 
from woods, various household materials and medications. 
Nevertheless, the ecological functions of mangroves are as 
the spawning sites for fish and as a natural stands to protect 
the human settlements from the strong wind and sea water 
intrusion, including tsunami catastrophe (Onrizal et al. 
2009, 2017; Onrizal and Manzor 2016). 

The studies of mangrove phenology provides 
information about the time and duration of the reproductive 
stage of plants which includes the information of buds, 
flowering, fruiting and seed germination. S. alba is one of 
the true mangroves species with an uncompleted 
phenological information (Wang’ondu et al. 2013).  
It is crucial to study the phenology of S. alba or also known 
as padada by the locals to provide the details regarding the 
time of its regeneration. Hence, by referring to the 

information provided, one can estimate the success rate of 
replanting the mangrove for both reasons: natural disasters 
and convertion of forest area utilization. 

Sonneratia alba is one type of mangrove with rapid 
development, starting from the development of buds, 
flowers that become the fruit that is ready to become a new 
seedling. The phenology of S. alba in the country of 
Vietnam, from flowering to fruiting, usually occurs within 
3-4 months (Duke 2012). The result of phenological 
observations of S. alba at Gazi Bay, Kenya showed that the 
phenology of S. alba occurred within 4-5 months 
(Wang’ondu et al. 2013). S. alba is classified as true 
mangrove species due to their ability to form pure stands, 
characterizing the community structure of mangrove, 
morphologically has specialized adaptive forms and has a 
physiological mechanism in terms of controlling salt 
(Tomlinson 1994). 

The study was conducted to reveal the flowering time 
and the floral characteristics of S. alba; the time needed by 
the plant to bear a flower, fruit and the time for it to 
become ripe. Therefor, the benefit of this study is to 
provide scientific information regarding the time of 
flowering until the time of fruit ripening and the 
characteristics of the flower and the fruit of S. alba. 
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MATERIALS AND METHODS 

Study area 
The phenological observation was carried out in July 

2016 until October 2016. The location of sampling site was 
located in Barong Kecil in the Sembilang National Park 
(SNP) formed of Berbak and Sembilang National Park 
(BSNP) South Sumatra (Figure 1). The result for the pH in 
the sampling site of the parent tree showed a value of 6-7. 
The higher acidity was indicated by the low value of pH. 
The pH values also affect the availability of nutrients for 
the plants. The temperature recorded ranges from 29 to 30 
oC and the values are classified as normal and optimal for 
mangrove development. 

The secondary data for climate were obtained from the 
Indonesian Agency for Meteorology, Climatology and 
Geophysics station in Kenten Sako, Palembang, South 
Sumatra. The stage of mangrove breeding or phenology is 
very closely related with the conditions in the field. The 
environmental factors such as the rainfall, the temperature 
and the wind affect phenological process. The climate data 
in the study areas globally cover the elements of the 
climate, the number of rainy days and the precipitation in 

the region of Palembang in South Sumatra, are presented in 
Figure 2. 

 
 

 
 
 
Figure 2. The elements of the climate in the study area (Modified 
data from Indonesian Agency for Meteorology, Climatology and 
Geophysics station in Kenten Sako, Palembang, South Sumatra 
2016) 

 
 
 

 
 
Figure 1. The location of phenological observation of S. alba in the Berbak and Sembilang National Park (BSNP), South Sumatra, 
Indonesia. The coordinate points of the location of the S. alba trees are as follows: mother tree 1is located at the coordinate points of S 
02o09.744’ E 104o53.678’; mother tree 2 is located at the coordinate points of S 02o09.718’ E 104o53.710’; and mother tree 3 is located at the 
coordinate points of S 02o09.660’ E 104o53.622’ 
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The activity of installing has the main cause of 

mangroves degradation in Banyuasin Peninsula, BSNP, 
South Sumatra since 1995 (Ulqodry et al. 2010; Suwignyo 
et al. 2012; Munandar et al. 2014; Sarno et al. 2015). 
Mangrove forests are extremely important coastal 
resources, which are vital to our development (Tomlison 
1986; Goudkamp and June 2006; Ghost 2011). Mangrove 
is one of the most threatened ecosystems all over the world 
today due to direct and indirect degradation (Duke et al. 
2007; Kathiresan et al. 2010; Donato et al. 2011), including 
in Indonesia (Ilman et al. 2016)  

Procedures 
The initial field survey was conducted to determine the 

mother trees and phenological observations of S. alba in 
the area of BSNP, Banyuasin Peninsula. The determination 
of the mother trees was done at three of S. alba. The 
mother trees selected were the trees that have entered the 
stage of initiation of flowering. The sampling was done by 
means of purposive sampling. The selected samples were 
marked or tagging with a tape to facilitate the observation. 
The observation of flowering stage of S. alba was 
conducted starting from flower initiation stage, small buds, 
big buds and blooming flowers. Furthermore, the 
calculation of the time span of each flowering stage and the 
shooting for the documentation was conducted. The 
morphological observation covers the shapes, the sizes, and 
the colors. The observation stage of fertilization of S. alba 
was conducted starting from young fruit to ripe fruit. 
 
Data analysis 

 The phenological stages of S. alba starting from the 
flowering stage until the fruit is ripe are presented in the 
form of figures and then analyzed descriptively. 

RESULTS AND DISCUSSION 

Roots of Sonneratia alba 
Based on the field observations that have been carried 

out, the morphological characteristics of S. alba are 
described as follows. The roots of S. alba are classified as 
breathing root group, standing upright and has a conical 
shape. The roots of S. alba appear vertically on the surface 
of the soil. The color of S. alba’s roots is light brown to 
dark brown. At the pencil roots, there are pneumatophores 
(Duke and Schmitt 2015) or gaps for air impress, so that 
oxygen can get into the soil that does not contains oxygen. 
The height of S. alba’s roots ranges from 5.0 to 12.5 cm 
and the diameter ranges from 1.0 to 1.5 cm (Figure 3). The 
characteristics of S. alba that was chosen to be a mother 
tree as shown in Table 1.  

Habitus S. alba is a tree with a height of 7-10 m. S. alba 
tree has a trunk of grayish brown, with rough cracks in its 
bark, round-shaped and has a trunk circumference of 30-35 
cm. The habitus S. alba is a large tree, the bark of which is 
light gray in color and the surface texture of the trunk is 
cracked. 

Table 1. The characteristics of a Sonneratia alba’s mother tree  
 

Parameters Mother tree Average 1 2 3 
Height of trunk  7 m 80 m 10 m 8.3 m
Circumstance of trunk 33 cm 30 cm 35 cm 32.7 cm
Height of root 5 cm 10.5 cm 12.5 cm 9.3 cm
Lenght of leaf 10 cm 9 cm 10 cm 9.7 cm
Width of leaf 4.5 cm 3.5 cm 5 cm 4.3 cm
Length of ripe fruit 2.5 cm 3 cm 3 cm 2.8 cm
Width of ripe fruit 4.5 cm 5 cm 5.5 cm 5 cm
 
 
Leaf of Sonneratia alba 

The leaf of S. alba is a single leaf, the young leaf is 
light green slightly yellowish and old leaf is dark green. 
The upper surface of the leaf has a smooth texture. S. alba 
has leaf venation of penninerved and green in color. The 
shape of the leaf is round with no angles at all. The shape 
of leaf base in blunt, with rounded leaf tips and edges of 
leaves, are flat (Figure 3). 
 
Flowers of Sonneratia alba 

The flower of S. alba is a perfect flower. The flower is 
located at the end of twigs, with a number of one to 3 per 
group. Flowers of S. alba have six petal strands. The 
outside part of the petal is green, while the inside part of 
the flower is a pink color. The shape of the flower base is 
like a cup and the pistils of the flower are in the middle of 
the flower base. The corolla of the flowers is creamy white, 
barely visible because it is located among the petals and is 
similar to stamens, numbering 6 strands. The stamens are 
numerous, white in color surrounding the pistil. The pistil 
is one and is in the center of the flower. According to Raju 
et al. (2013), the position of the ovary of S. alba flower is 
at the base of the flower. The yarn-shaped stylus undergoes 
elongation beyond the length of the stamens and ended 
with the emergence of the stigma (Figure 3). 

The flower of S. alba has 6 strands of petals, 6 strands 
of the corolla, one strand of the pistil, numerous stamens, 
and superuser ovary. It is written in the flower formula as 
K (6)C6A∞G1 and illustrated in the diagram in Figure 4. 
The number of K is varied, it can be 5-8 (Kitamura et al. 
1997) or 6-7 (Ragavan et al. 2014). 

Discussion 
Generally, S. alba has the same characteristics despite 

growing in different areas. Differences in the shape and 
size of vegetative parts caused by environmental factors. 
According to Souza et al. (2014) and Farooqui and Siddiqui 
(2014), reproductive phenology is strongly influenced by 
environmental factors. According to Coupland et al. 
(2005), S. alba able to take advantage from the available 
natural pollinator. S. alba is a pioneer species (Kathiresan 
et al. 2010) and were committing occur throuhgout the year 
(Duke and Schmitt 2015). Is likely to be different for each 
year (Landry 2013). The stage of reproductive development 
in plants is started with the stage of the flowering initiation, 
small bud, big bud and blooming flowers and which is then 
followed by the development of fruit, namely young fruit 
and ripe fruit.  
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Figure 3. The morphology of Sonneratia alba. A. Root, B. Leaf, C. Flower, D. Fruit  
 
 
 

 
Figure 4. The flower diagram of Sonneratia alba (modified from 
Tomlinson 1994)  
 
 

The initiation of the flower is a morphological change 
stage from vegetative buds to reproductive buds which is 
marked by the emergence of the bud on the prospective 
flower stalk. The color of the bud is light green, its shape is 
round protrusion with a size of 0.5 cm (Figure 5.A). The 
phase of the small bud is defined as a measurement of 
reproductive bud marked with a round bud with the tapered  

edge, reddish green in color with a size of 0.8 cm (B). The 
bud is green with a slight reddish line with size 1.2 cm (C). 
According to Figure 6, the green bud grows with blunt end 
with the size of 2.7 cm (A). The light green buds are found 
in various sizes of 2.9 cm (B), 3.0 cm (C) and 3.6 cm (D). 

The big buds are marked with flower petals beginning 
to open from the end of the buds and the white stamens are 
shown with a size of 4.5 cm (A). The petals open, reddish 
in color on the inner side of the petals, the stamens are still 
rolled on the pistil with a size of 4.6 cm (B). The blooming 
flowers are characterized by open petals and also stamens. 
The petals are green, the stamens are white and the anther 
is yellowish in color. According to Teo (2013), ‘alba’ 
means white in Latin which refers to the distinctive white 
stamens. A completely blooming flower, the petals and 
stamens are opened with a size of 6.1 cm (D). The flowers 
begin to wilt, characterized by the stamens which start 
falling and the pollination by insects occurs. The flowers 
wither, marked by the collapse of the stamens from the 
flower base. The pistil withers, characterized by the 
changing color from green to amber. The ovary begins to 
be visible from the flower base and the pistils become dry 
and shriveled to be a size of 4.7 cm (H). The ovary grows 
in size, the pistil dries and withers. The young fruit is 
green, slightly rough in texture and the pistil dries with a 
size of 4.8 cm (I) (Figure 7). 

 
 
 

 
 

 
Figure 5. The initiation flowering of Sonneratia alba in July 2016 (from left to right) 

A B C D 

A B C 
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Figure 6. The development of Sonneratia alba’s flowering shoot in August 2016 (from left to right) 
 
 
 

  

 

 
 
Figure 7. The development fruit of Sonneratia alba in September 2016 (from A to I) 

A B C D 

A B C 

D E F 

G H I 
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Figure 8. The ripening fruit of Sonneratia alba in October 2016 (from left to right) 
 
 
 

The young fruit has grown in size to become round in 
shape with a size of 4.9 cm (Figure 8.A). The young fruit is 
green and grows in size of 5.0 cm (B). The young fruit is 
green in color, pistil withers and dries with a size of 5.5 cm 
(C). The ripe fruit is green (C) and characterized by a 
cracked fruit and the falling of the fruit from the tree (D). 
The fruits of S. alba dropped off the mother tree and start 
to decay (Teo 2013). 

The development of the flower is started from the 
emergence of flower buds, followed by the formation of 
buds which petals are about to bloom where it takes place 
within 33 days. Furthermore, from the buds where petals 
are ready to bloom up to the time the flowers completely 
which only, occurs overnight. The flowers bloom at night. 
The flower bloom and then wither the next day after 
successful pollination which is characterized by the falling 
stamens. 

The pollination flower of S. alba occurs with the 
assistance of bees when the flowers are in a state of perfect 
bloom at night until morning. The occurrence of pollination 
is marked by the falling stamens of the flowers. According 
to Tomlinson (1994), each flower of Sonneratia generally 
only functions within one night. 

After the flowers wither, then the ovaries are shown and 
formed during the 7 days. Then, after the ovaries are 
formed, they develop into the young fruit which is 
characterized by magnification of the ovaries and the 
drying of the flower buds. It takes 38 days for the young 
fruit to become ripe fruit, with dark green skin color and 
the surface of the fruit is smooth. The fruit is classified as 
ripe fruit if it is characterized by the falling of the fruit 
from the tree, but it left the petals which still remains on 
the tree’s twigs. The stages of the phenology and number 
of days of each stages as shown in Table 2. 

The emergency of flower buds began with a small bud 
at the tip of the twig which was found in middle of July. S. 
alba experienced flowering throughout the year. The small 
buds developed into buds and there were one to 3 flowers 
per group in each end of the twigs. The time of the 
development of the shoots until they became the buds 
which were ready to bloom took longer time than the other 
stages, starting from the middle of July until late of August. 

The complete bloom of the flowers occurred in early 
September until the flowers wilt in the middle of 
September. The ovary is formed beginning from the middle 
of September until the end of September. The young fruit 
was formed and developed beginning from the end of 
September until it became ripe fruit in early November. 
This indicates that the development of the flowers into 
fruits of S. alba in the BSNP lasted for approximately 101 
days. The phenology of S. alba is a distict possibility in a 
different place to grow (Lugo and Medina 2014).  

The stage of S. alba flower development to become ripe 
fruit was started with the emergency of flower buds, the 
flower buds are ready to bloom, the flowers bloom, the 
ovaries are formed into the young fruit and ripe fruit. The 
stage of development of the buds into becoming flowers 
and the development of the young fruit into ripe fruit took a 
quite long time. A further study on the mangrove in the 
arboretum area of BSNP needs to be carried out. Sonneratia 
has the potential for restoration projects of degraded 
mangrove areas (Setyawan 2009; Munandar et al. 2014). 
Seasonal pattern of tree growth, one often related to 
rainfall, temperature and relative moisture (Krauss et al. 
2014). The characteristics of mangrove fruit maturity will 
help to regenerate mangrove (Upadhyay and Mishra 2010). 
The phenology stage of S. alba in BSNP that was started 
with the initiation of the flower until the fruit is ripe, occurs 
within 101 dyas. The information on the reproductive 
phenology of S. alba can be used as the basline data in 
managing the mangrove area. The phenology of mangrove 
plays an important role in the rehabilitation program of the 
degraded mangrove area. 
 
Table 2. The stages of the phenology and the duration of the 
development of reproduction of Sonneratia alba 
 

Stages of phenology Duration Number of 
days 

Initiation of flowering 19 Jul-26 Jul 7 days 
Small buds 26 Jul-4 Sep 40 days 
Large buds  4 Sep-10 Sep 6 days 
Blooming flower 10 Sep-12 Sep  2 days  
Young fruit 12 Sep-20 Oct 38 days 
Ripe fruit 20 Oct-28 Oct 8 days  
 Total  101 days 

A B C D 
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Abstract. Zulfikhar, Zulkifli H, Kadir S, Iskandar I. 2017. The landscape structure change of the tropical lowland forest and its possible 
effect on tree species diversity in South Sumatra, Indonesia. Biodiversitas 18: 916-927. The forest fragmentation is a spatial structure 
change, resulted in a reduction of the number and size of forest patches, and a subdivision and breaking up of the areas into smaller 
parcels. The key scientific challenges concern the significant gaps exist in our ability to understand the relationships between landscape 
structure, biodiversity and the output of ecosystem services at different spatial and temporal scales. The objective of this study was to 
examine the possible effect of changes in a spatial pattern of habitat against the changes of the tree species diversity. We apply a 
landscape structure analysis of the forest fragmentation, and then determine the principal component of the landscape metrics. We 
analyzed multitemporal satellite imageries from 1989 to 2013, that have been clipped as a sampling area. Thirty-two circular sampling 
areas with a radius of 2,500 meters were used. We conducted observations in 32 unit sample plots of biodiversity in the size of 20 
meters by 50 meters, at a midpoint of the clip of area sampling. The results of a test of inter-correlation of all variable data showed that 
there were 15 of 23 landscape metrics of natural forest, reliable for the next analysis. We reduced the number of variables into three new 
variable groups using Principal Component Analysis (PCA). We produce three of six models of principal component multiple-
regression were significant (p < 0.05) to predict the composition and diversity of tree species caused by a change of landscape metrics, 
namely the species richness index, species equity index, and basal area of a tree stand. The prediction models are beneficial in the 
planning of biodiversity conservation and restoration of the fragmented natural forest.  

Keywords: Diversity indices, landscape metrics, landscape modification 

INTRODUCTION 

The loss of biodiversity is one of the major 
environmental problems and is currently attracting 
worldwide interest, as stated in The World Conference on 
Biological Diversity in Nagoya 2010 and 2012, as well as 
in the United Nations Biodiversity Conference, in Cancun, 
Mexico, 2016. The issue also has become the subject on 
The Fifth Session of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES-
5) held on 7-10 March 2017, in Bonn, Germany. IPBES is 
the intergovernmental body, with the mission to strengthen 
the science-policy interface for biodiversity and ecosystem 
services for the conservation and sustainable use of 
biodiversity, long-term human well-being and sustainable 
development  (Global Policy Unit-IUCN 2017). 

On a national level, biodiversity concern has been 
conducted by the deliberations of the revision of the 
Republic of Indonesia Act No. 5 Year 1990 concerning 
Conservation of Biodiversity of Natural Resources and 
their Ecosystems. The Government of Indonesia has 
launched the Indonesia Biodiversity Strategy and Action 
Plan 2015-2020 (IBSAP) and as guidelines and references 

for the sub-national level  (Darajati et al. 2016). 
The forest fragmentation is the process of spatial 

changes, modifying the structure dynamically. It reduces 
the size of forest patch, it divides and splits the patch into 
smaller packages, and this process causes the edge effect, 
patch isolation, reduction of the habitat and populations of 
species, as well as the loss of biodiversity  (Fahrig 2003; 
Lindenmayer and Fischer 2006; Walz 2011). In addition, 
fragmentation also reduces the size of the population and 
diversity of shade tolerant tree species and promotes the 
presence of generalist and pioneer plant species  (Fischer 
and Lindenmayer 2007). So, the ability to understand the 
relationship between the structure of the landscape, 
biodiversity and the output of ecosystem services on time 
and space scale is necessary  (Haines-Young 2009; 
Hakkenberg et al. 2016).  

A crucial key to biodiversity loss is consideration of 
changes in land use and landscape structure  (Haines-
Young 2009). Landscape structure determines biodiversity 
in two ways: through the diversity of biophysical 
conditions and patterns of land use. Landscape metrics at 
the ecosystems and landscape levels can be used to 
describe their diversity, and to establish how they relate to 
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species diversity  (Walz and Syrbe 2013). However, most 
researchers do not separate the effects of habitat loss from 
the configurational effects of fragmentation, and this leads 
to ambiguous conclusions regarding the consequences of 
habitat configuration on biodiversity  (Fahrig 2003).  

Biological diversity, in all dimensions and facets, is tied 
up to habitats, which means that it needs a particular 
section of the earth's surface for their existence. Biological 
diversity is therefore always defined for a particular 
reference zone; and landscape structure is a fundamental 
element for the understanding of species diversity, and the 
dynamics of natural processes, such as the changing 
distribution patterns of species and habitats in space and 
over time, which are also a part of biological diversity  
(Walz 2011). 

The development of mathematical tools to predict the 
dynamics of natural processes, such as tree species 
diversity is very useful because it provides early warnings 
to forest management unit and regulators to reduce the 
number of measuring sites. Accordingly, IUCN Species 
Survival Commission's Action Plan gives the direction of 
enhancing the necessity of developing prediction models  
(Supriatna 2008). Yet, tree species diversity has been tough 
to model because of different interactions between biotic 
and abiotic variables  (Walz 2011). 

The PCA has been used in recognizing environment 
patterns; in this case, it configurationally effects 
fragmentation phase. The PCA has some advantages, 
which can eliminate the correlation (correlation = 0), so 
that the problem of multicollinearity may completely be 
resolved in clean; and it can be used on various research 
conditions and types of data. In addition, it can be used 
without reducing a variable number of the origins. 
Although the regression analysis with PCA has a higher 
difficulty level, the conclusion, however, is more accurate  
(Soemartini 2008). The multivariate statistical technique 
transforms the original data set into a set of linear 
combinations of the original variables. The uncorrelated 
new variables, designated by principal components, 
account for the majority of the variance  (Sousa et al. 
2007).  

Nowadays, tropical lowland forest of Sumatra is 
diminishing rapidly. An average of about 100,416 hectares 
per year (1.75% per year) of primary forest of Sumatra has 
lost within 12 years  (Margono et al. 2014). Amongst 
remaining forest areas in Sumatra Island, the Meranti 
Dangku landscape is one of the remnant forest areas in 
South Sumatra. The rate of deforestation in 1989 to 2013 is 
in the range of 4.32 to 12.75 % per year  (Zulfikhar et al. 
2017). Deforestation, especially of the near-primary forest, 
causes biodiversity losses that are impossible to be 
compensated with other land uses (Clough et al. 2016).  

There are at least three ecosystem functions of the 
Meranti-Dangku landscape, namely the habitat area for 
wildlife conservation, the area for restoration of natural 
forest, and the area allocated for the forest plantation. Up to 
now, the fragmentation and habitat loss still continue. This 
landscape could become an essential ecosystem, which is 
rich in biodiversity, but it is increasingly threatened and 
driven to the extinction.  

In this study, effects of habitat loss were differentiated 
from configurational implications of the fragmentation 
phase, so it would not result in inevitable ambiguous 
conclusions regarding the effects of habitat configuration 
of the landscape metrics on biodiversity. The objective of 
this study is to examine the possible effect of changes in 
the spatial pattern of habitat continuum in Meranti-Dangku 
landscape structure on the changes of the tree species 
diversity.  

MATERIALS AND METHODS 

Study area 
The study was conducted in Meranti-Dangku landscape, 

which was a tropical lowland forest ecosystem in South 
Sumatra Province, Indonesia. This landscape was located at 
103000’-103050’ East and 2005’-2035’ South, or, in UTM 
Coordinate System, it was at Zone 48S; 278000-380000 
Easting and 9765000-9710000 Northing, within an area of 
209,619 hectares (Figure 1). The Meranti-Dangku 
landscape covers forest with two different functions, i.e. as 
a production forest (covering an area of 157,228 hectares) 
and as a wildlife conservation forest (covering an area of 
52,392 hectares). 

Research procedures 
The initial phase of the study was to carry out an 

assessment of configurational effects on fragmentation to 
find out the principal components of the spatial 
transformation process towards landscape metrics 
configuration in fragmentation phases. The framework and 
the stages of research methodology is presented in Figure 
2.  

There were two main activities undertaken, first, the 
identification of the landscape structure, which was done 
by performing data interpretation of Landsat imagery to 
produce a map of land cover, and by making an example 
area in the form of a circle with a radius of 2.500 meters to 
analyze the indicators of metrics landscape. Second, the 
identification of forest structure, to get the composition and 
diversity of tree species. At this moment, it was conducted 
the creation of field sample plot, in the size of 20 x 50 
meters and with the position at the midpoint of circular 
clips.  

Identification of landscape structure was to assess the 
configurational effects of fragmentation at habitat level. 
Thirty-two units of sampling area in a circular clip were 
created on multi-temporal land cover maps, which were 
based on the medium resolution of Landsat satellite 
imagery, and on object-based image analysis method to 
generate multi-temporal characteristics of landscape 
metrics with composition and configuration indicators of 
landscape structure of natural forest changes.   

Identification of forest structure was to assess the 
habitat loss effects and to measure of species diversity, 
namely the index of richness, abundance, and equity, basal 
area and stands density of trees species.  
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Landscape metrics were used more and more frequent 
as integrative indicators at the landscape scale to assess the 
state of biodiversity, to monitor landscape change, and to 
evaluate the impact of land use change on biodiversity. 
They were also used for habitat modeling. Targeted indices 
can provide specific information about the underlying 
processes  (Walz and Syrbe 2013). 

The next step was regression analysis of tree species 
diversity as a dependent variable, and configurational effect 

of forest fragmentation on independent variables, using the 
principal component multiple linear regression models.  

The process of data analysis in this research is 
supported by software for object-based images analysis 
(OBIA), FRAGSTATS ver 4.2 for the analysis of the 
spatial structure of landscape metrics, GIS software for 
spatial data processing and mapping, and statistical packed 
software. 

 
 
 
 

 
 
Figure 1. The tropical lowland forest ecosystem of Meranti-Dangku landscape, district of Musi Banyuasin, South Sumatra Province, 
Indonesia 
 
 

 

 
 
Figure 2. The framework and the research procedures 

 Map of Forest Area 
 South Sumatra Province 

 Map of Republic of 
Indonesia
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Table 1. Types of satellite imagery and date of acquisition used in 
this study. 
 

Satellite 
imagery 

Path-
row 

Data 
type Date of data acquisition 

Landsat 5. TM. 125-062 L1, T September 6, 1989 
Landsat 5. TM. 125-062 L1, T March 19, 1995, and 

September 11, 1994 
(subset for cloud cover 
free) 

Landsat 5. TM. 125-062 L1, T May 25, 2000 
Landsat 5. TM. 125-062 L1, T May 15, 2006 
Landsat 5. TM. 125-062 L1, T November 9, 2009 
Landsat 5. TM. 125-062 L1, T August 7, 2013 
 

Materials 
Land-use and cover type map resulted from the 

interpretation of satellite imagery data. The satellite 
imagery data of Landsat 5 Thematic Mapper (TM) that has 
sourced from the National Institute of Aeronautics and 
Space (LAPAN) were used in this research (Table 1). 

Other data were obtained from the forest survey, 
namely to measure the diameter of all tree stands greater 
than or equal to 10 centimeters, while botanical identifications 
of tree species were conducted in the Research Center for 
Biology, Indonesia Institute of Sciences (LIPI), Cibinong, 
Bogor, West Java, Indonesia. Data is used for checking the 
results of the land cover type classification, either from the 
secondary data or field survey data.  

Procedures 
The analysis was conducted based on changes in 

vegetation's coverage and land use from a series of satellite 
imagery maps on a medium resolution. The change 
detection method of the land cover type "again-being" was 
done in post classification (post-classification comparison 
= PCC), namely comparison analysis of land cover 
classification at the time t1 and t2  (Liu et al. 2004; Liu and 
Zhou 2004).  

The Object Base Image Analysis (OBIA) method was 
used in the satellite image analysis and was processed 
using eCognition Developers 64 software (Trimble). The 
pre-requisite for classification was segmentation of the 
image, which was done by subdividing the image into a 
separate area  (Blaschke 2010; Frohn et al. 2011). In the 
setting of the scale parameters, colors, and shapes, and in 
the data processing, multi-resolution segmentation 
algorithm was used, with the scale parameter = 10, the 
color and shape factor = 0.1, and the compactness and 
smoothness = 0.5  (Weih and Riggan 2010; Laliberte et al. 
2004). 

The ground truthing for land use type classification was 
checked with Global Positioning System (GPS) GarminTM 
Oregon 550 series, work map, and a draft of land use type 
classification map from the satellite imagery. Total 620 
random points were planned on the map for a field 
inspection plan, 510 points were observed in the field and 
used as a training area, the rest 110 points could not be 
accessed, and 444 points were used for testing the accuracy 
of forest cover mapping.  

The objects classification was done by using the nearest 
neighbor classifiers method, based on the user-selected 
samples, which was obtained from the training area in field 
survey (ground truth), and the land use type classification 
for interpretation of image analysis was using the 
Indonesian National Standard  (National Standardization 
Agency of Indonesia 2014).  

To analysis the accuracy of an image, Matrix Error was 
used on the map of object-based classification results, 
which included overall accuracy, producer’s accuracy and 
user's accuracy for each class of the coverage, and the 
accuracy of the Kappa  (Liu and Zhou 2004; Vorovencii 
2014). 

Forest landscape metrics 
In this research, the spatial structure change of the 

landscape metrics was investigated entirely using 43 
indicators at Class level. It was grouped as follow: Area-
Edge has 7 indicators, Landscape Shape has 6 indicators, 
Core Area has 7 indicators, Isolation has 2 indicators, 
Subdivision has 5 indicators, Aggregation has 7 indicators, 
and at Landscape level grouped in the Diversity has 9 
indicators. Initially, all indicators of the landscape metrics 
were screened by removing the zero value and unavailable 
(N/A) data to get the indicators that will be used in a next 
analysis process. The indicators of landscape metrics were 
used to determine composition and configuration of the 
landscape structure. Afterward, they were used to 
determine fragmentation level, changes of the forest 
connectivity, and the occurrence of forest habitat isolation, 
in the respective series of the years of satellite imagery data 
acquisitions, according to Forman (1995), and software 
FRAGSTATS ver 4.2 was used  (McGarigal et al. 2002). 

All parameters of the forest fragmentation were 
measured and analyzed within 32 units of the circular clip 
of the sampling area, with a radius of 2.500 meters (area of 
1.964,29 hectares) on the multi-temporal of land cover type 
map. We used 6 series data acquisition and 32 units of the 
circular clip, so total samples were 192. For computation of 
the landscape metrics, the land cover patch was delineated 
by applying 8 neighbor rules to guarantee that linear 
patches along a direction diagonal to the grid axes were 
identified as a single patch. Each circular clip was analyzed 
separately, and the circular boundaries were not counted as 
edges. The Proximity and Similarity Metrics, as well as the 
Connectance Index, were computed using search radii and 
threshold distances of 2.500 meters, respectively  
(Schindler et al. 2008; Schindler et al. 2013) 

Reduction of the landscape metrics indicator 
Factor analysis attempts to identify underlying 

variables, or factors, that explain the pattern of correlations 
within a set of observed variables.  

Before PCA, a test of inter-correlation of all variables 
was conducted, with the requirement that all the inter-
variable correlation test should be correlated very 
significant (p = 0.01). The variables that did not meet very 
significant inter-variable correlation (p = 0.01) was 
removed from dataset. Further testing in the PCA with the 
following proviso: all elements input with Kaiser-Meyer-
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Olkin on a measure of sampling adequacy must be higher 
than 0.5 (> 0.5), Bartlett's Test of Sphericity with 
significance test must be higher than 0.005 (< 0.005), and 
Communalities of each variable must be higher than 0.600. 
If a variable did not meet the above requirement, then that 
variable was discarded, and the process of PCA was 
repeated. 

To determine the principal component of the factors, the 
variable was extracted using PCA method. The eigenvalue 
of the factor should be greater than 1.0, rotation method of 
Varimax of the axes with Kaiser Normalization and 
Rotation converged in 5 iterations. The metrics with the 
highest absolute loading more than 0.500 was defined as a 
representative and included in following analysis  
(Schindler et al. 2008).  

PCA attempts to identify underlying variables, or 
factors, that explain the pattern of correlations within a set 
of observed variables. PCA is often used in data reduction 
to identify a small number of factors that explain most of 
the variance; that were observed in a much larger number 
of manifest variables, in determining the principal 
component of factors of forest landscape metrics changes.  

The vegetation analysis 
The vegetation analysis in this research was done using 

primary data from the observation of the field of sample 
plot, i.e. the tabular data and the quantitative method of 
vegetation analysis, and the data processing software used 
Microsoft Excel 2013 and Pivot Table.  

Species accumulation curves show the rate at which 
new species are found within a community and can be 
extrapolated to provide an estimate of species richness. 
This plots the cumulative number of species recorded as a 
function of sampling effort (i.e. collected number of 
individuals or a cumulative number of samples). The order 
in which samples was included in a species accumulation 
curve will influence the overall shape (Henderson 2003).  

Biodiversity indicators can be divided into indicators 
relating to species diversity (number and distribution of 
species) and those that describe the characteristics of 
ecosystem diversity on the basis of land use structure  
(Walz and Syrbe 2013). 

The diversity is fewer than the notation of the effective 
number of species present, and the entropy, which is the 
logarithm of diversity numbers, is equivalent but is less 
easy to be visualized and consequently less suitable for 
general use  (Hill 1973; Chao et al. 2014). 

 
Na = (p1

a+ p2
a + . . . + pn

a ) l/ (1-a)  

 
Where: 

Na = Hill’s Diversity Number 
 a = -∞, 0, 1, 2,..., ∞ 
 p = proportional abundance of each species (pi) 
i = species-1, 2, 3,...., n      

The summary of the general rule is as follows:  
N-∞  = reciprocal of the proportional abundance of the 

rarest species. 
N0  = indicates species richness a total number of 

species present in sample plot.  

N1  = exp (-∑pi ln (pi)) = exp (H), where H is 
Shannon’s entropy.  

N2  = reciprocal of Simpson's dominance index: i.e. 
1/ (p1

2 + p2
2 + ... + pn

2).  
N∞  = reciprocal of the proportional abundance of the 

commonest species. It is also called as the 
dominance index.  

 N0 indicates species richness, N1 indicates an effective 
number of species (true diversities), where N1 gives less 
weight to the rare species than N0, which, in fact, has equal 
weight with all species, independent of their abundance. N2 
indicates abundance distribution of species, and N2 gives 
more weight to the abundance of common species than N1. 
An important consequence is that for the description of the 
community, we should express measures of diversity on a 
uniform scale. That is to say; we should use the reciprocal 
of Simpson's index N2 or conceivably the generalized 
entropy H2 = ln (N2)  (Hill 1973). 

RESULTS AND DISCUSSION 

Factor analysis attempts in identifying underlying 
variables or factors explain the pattern of correlations 
within 23 observed variables of the landscape metrics 
indicator, and the reduction of the variable data are to 
identify a small number of factors that explain most of the 
variance that found in a much larger number of manifest 
variables. 

Reduction of the landscape metrics indicator 
Factor analysis attempts to identify underlying 

variables, or factors, that explain the pattern of correlations 
within a set of observed variables.  

Inter-correlation test of all variables subtracted 23 
original variables into 15 variables. Subsequently, the PCA 
reduced 15 variables into 3 principal components (PC), 
which was based on initial eigenvalues = 1.741, and the 
percentage of cumulative variance = 84.28%. It means, the 
three factors having an eigenvalue of 1.741 can be 
described as 84.28% of total communalities. The 
eigenvalues showed the relative importance of each factor 
in calculating the variance of the 15 analyzed variables. 
The fourth factor has an eigenvalue of 0.988 (less than 1). 

The scree plot displayed the eigenvalues associated 
with a component in descending order versus the number 
of the component. We can use scree plots in PCA to 
visually assess which components explain most of the 
variability in the data (Figure 3). 

The rotated component matrix and component's matrix 
score tables were utilized in defining the new variables for 
the respective component, were declared as a new variable 
and as a function of the variables in each component, 
which were used for following analysis (Table 2).  

The results showed the principal component of the 
factors of change in landscape metrics, and they 
determined 3 components, as representative of original 15 
variables of the landscape metrics indicators, which have 
significant roles in the change of spatial structure in the 
forest fragmentation phases.  
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Figure 3. Scree plot 

 
 
By using the data in the Component's Matrix Score 

(Table 2), the multiple regression models for each principal 
component were created. Thus, even though it has 
produced a new variable in the variable group of the 
principal component, it still can be analyzed to understand 
each variable contribution of the origin of the new 
variables.  

Description of new variables of the landscape metrics 
after PCA 

The definition of new metrics measures of each 
component factors of the metrics that were resulted from 
PCA was a series of definitions of variables incorporated in 
the group variables as follows:  

Dimension metrics (PC1)  
PC1 had a group of 6 variables, and the new variable is 

called as a Dimension Metrics. The original variables 
consisted of Simpson's equity index (SIEI), Simpson's 
diversity index (SIDI), Contagion Index (CONTAG), 

Division (DIVISION), Effective Mesh Size (MESH), and 
Largest Patch Index (LPI).  

The Contagion is high when a single class occupies a 
very high percentage of the landscape and vice versa. The 
division (DIVISION) is based on the cumulative patch area 
distribution and interpreted as the probability that two 
randomly chosen pixels in the landscape not situated in the 
same patch of the corresponding patch type. Effective 
Mesh Size (MESH) is based on the cumulative patch area 
distribution and it is interpreted as the size of the patches 
when the corresponding patch type subdivided into S 
patches, where S is the value of the splitting index. Largest 
Patch Index (LPI) quantifies the percentage of total 
landscape area comprised by the largest patch  (McGarigal 
and McComb 1995; Walz 2011). This group represents a 
collection of metrics closely allied to the aggregation 
metrics that describe the degree of subdivision of the class 
level.  

Shape metrics (PC2) 
PC2 had group of 5 variables, and the new variable is 

called as a Shape Metrics; the original variables was 
namely: Contiguity index (CONTIG) indicating the size of 
spatial connectedness or transmission the patch of forest in 
forest patches of other individuals; the Number of Patches 
(NP) indicating a particular type of patch is a simple 
measure of the level of subdivision or the fragmentation of 
forest patch types; the Patch Density (PD) which is limited, 
but fundamental, indicating an aspect of landscape pattern.  

Patch density has the same basic utility as an index, 
except that it expresses a number of patches per unit area 
that facilitates comparisons among landscapes of various 
size. The amount of information of a particular type of 
patch will be more meaningful if there are added 
information about the area, distribution, or a density of  

 
 
 
 
 
Table 2. Rotated component matrix of the factors of the landscape metrics, and the multiple-regression models of new variable of the 
forest fragmentation phases 
 
Component Variable Loading Coefficient New Variable Multiple-regression Models 

1 SIEI -.936 -.300 PC1 = Dimension 
Metrics 

PC1 = -0.300 SIEI-0.292SIDI + 0.297CONTAG - 
0.116 DIVISION + 0.108 MESH + 0.077 LPI 

 SIDI -.926 -.292   
 CONTAG .921 .297   
 DIVISION -.691 -.116   
 MESH .673 .108   
 LPI .622 .077   
      
2 CONTIG_MN .853 .292 PC2 = Shape Metrics PC2 = 0,292CONTIG_MN - 0.277 NP - 0.276 PD + 

0.291 SHAPE_MN + 0.211 GYRATE_MN 
 NP -.830 -.277   
 PD -.828 -.276   
 SHAPE_MN .805 .291   
 GYRATE_MN .746 .211   
      
3 PLADJ .925 .387 PC3 = Aggregate 

Metrics 
PC3 = 0.387PLADJ + 0.380AI + 0.185 CA + 0.177 
PLAND 

 AI .913 .380   
 CA .694 .185   
 PLAND .690 .177   
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patch. Landscape Shape Index (SHAPE) is indicated by a 
standardized measure of total edge or edge density that 
adjusts the size of the landscape. The Radius of Gyration  
(GYRATE_MN) is indicated by the size of an expansion 
patch, so it is affected by the size of the patch and patch 
density, so it gives the size of the continuity of the 
landscape (also known as the correlation length) that 
represents the average landscape transferability for an 
organism that is limited to remain in a single patch. In 
particular, it gives the average distance that an organism 
can move from a random starting point and travel in a 
random direction without leaving the patch  (McGarigal 
and McComb 1995; Walz 2011). 

Aggregate metrics (PC3) 
PC3 had a group of 4 variables, and we call the new 

variable as an Aggregate Metrics, where the original 
variables, namely Percentage of Like Adjacencies 
(PLADJ), Class Area (CA), Aggregation index (AI), and 
Percentage of the Landscape (PLAND).  

The percentage of like adjacencies (PLADJ) is 
calculated from the adjacency matrix, which shows the 
frequency of different pairs of patch types (including like 
adjacencies between the same patch types) appearing side-
by-side on the map. Aggregation index (AI) is calculated 
from an adjacency matrix, which shows the frequency of 
different pairs of patch types (including like adjacencies 
between the same patch types) appearing side-by-side on 
the map. Class Area (CA) is a measure of landscape 
composition; specifically, how much the landscape is 
comprised of a particular patch type, and in addition, to its 
direct interpretive value. The percentage of the landscape 
(PLAND) quantifies the abundance of a proportional forest 
patch type in the landscape, more precisely by measuring 
the composition of the landscape rather than the broad 
classes of patches, to compare between the landscape of 
any size  (McGarigal and McComb 1995; Walz 2011). 

Diversity indices of forest tree species 
Identification of diversity indices of forest tree species 

was presented on a community level, of which the 
indicators are measured as surrogates for the environmental 
end points, such as biodiversity. 

The results of the calculation of the diversity index, 
abundance and forest tree species equity apportionment on 
each plot sampling are shown in Table 3. 

The use of indicator species to monitor or assess 
environmental conditions is a firmly established tradition in 
ecology, environmental toxicology, pollution control, 
agriculture, forestry, and wildlife and range management, 
but this tradition has encountered many conceptual and 
procedural problems  (Noss 1999). 

Relations between landscape metrics and tree species 
diversity 

The result of studies in the linkages and variables of the 
relationship, as a species diversity and patterns of species 

distribution as the dependent variable, and the metrics 
indicators as independent variables at the community level 
and ecosystem is presented in Table 4.  

The principal component regression models that were 
used in the analysis of relations between the dependent 
variables (Hill’s Diversity Number) and 3 new variables, 
the PC1, PC2, and PC3, could be read as follows: the results 
of the multiple regression show that variables in Table 4 
are statistically significant in predicting a dependent 
variable, with degree of freedom (df1; df2), F test value = 
n, significant level (p = i), and coefficient of determination 
R2 = d.  

The variables added statistically significant to the 
prediction Y1, Y4, and Y6, (p < 0.05), and but, they were 
statistically non-significant to prediction Y2, Y3 and Y5 
respectively as the principal component regression model 
as in Table 4. 

 
 

Table 3. Index of biodiversity of tree species 
 

Plot 
code 

Hill’s 
diver-sity 
number 

True 
diver-
sities  

Abun-
dance 

Equity 
E0,1 = 
N0/N1 

N/ha BA 
m2/ha 

 N0 N1 N2    
1 17.00 11.98 8.45 1.42 350 22.17 
2 32.00 25.41 19.77 1.26 550 27.15 
3 1.00 1.00 1.00 1.00 290 0.48 
4 41.00 41.00 41.00 1.00 410 27.06 
5 25.00 19.78 15.09 1.26 400 19.68 
6 15.00 8.08 4.92 1.86 500 7.45 
7 14.00 6.79 4.27 2.06 470 15.52 
9 28.00 23.64 19.46 1.18 430 25.46 

10 36.00 32.07 28.17 1.12 520 22.56 
273 14.00 5.80 4.25 2.41 920 5.82 
290 20.00 12.17 7.17 1.64 440 19.01 
291 15.00 12.65 9.31 1.19 370 14.21 
316 21.00 18.84 16.86 1.11 310 6.52 
319 22.00 20.00 18.28 1.10 350 17.96 
351 23.00 15.89 11.02 1.45 460 11.21 
354 27.00 19.62 13.16 1.38 500 17.92 
356 18.00 18.00 18.00 1.00 180 14.06 
357 1.00 1.00 1.00 1.00 210 9.82 
358 31.00 27.28 23.51 1.14 480 39.82 
391 31.00 27.28 23.51 1.14 620 21.88 
393 34.00 27.49 22.41 1.24 750 14.16 
414 21.00 15.96 12.08 1.32 420 15.04 
415 32.00 23.99 16.56 1.33 670 22.42 
416 26.00 22.78 19.75 1.14 390 36.79 
417 37.00 33.47 30.51 1.11 600 38.67 
431 35.00 23.92 17.11 1.46 800 28.47 
446 24.00 19.63 15.94 1.22 450 32.37 
461 32.00 23.11 16.57 1.38 650 18.07 

3211 16.00 12.11 9.93 1.32 530 14.32 
3212 25.00 18.04 13.65 1.39 640 2.76 
3221 6.00 4.06 3.20 1.48 630 28.44 
3222 19.00 16.26 13.00 1.17 260 1.63 

Note: N0 = number of species in sample plot or richness of 
species; N1 = effective number of species (true diversities); N2 = 
abundant of species distribution, N/ha = tree stand density, BA = 
Basal Area 
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Table 4. Analysis of Variance (ANOVA) of the principal component of multiple-regression models 
 

Dependent variable Principal Component Multiple-
regression Models df1;df2 F  Significant R2 

Richness Index of Species (N0) Y1 = 20.812 - 5.251 PC2 1;28 4.242 0.049 0.132 
Effective Number of Species (N1) Y2 = 19.425 - 1.343 PC3 1;28 1.199 0.283 0.041 
Abundant Index of Species distribution (N2) Y3 = 16.461+1.572 PC3 1;28 1.821 0.188 0.061 
Equity Index of Species (N0/N1) Y4 = 1.252 - 0.087 PC3  1;28 5.094 0.032 0.154 
Tree Density (N/ha) Y5 = 574.758 + 134.963 PC1 1;28 8.897 0.006 0.241 
Basal Area (m2/ha) Y6 = 28,288.147 + 8,885.947 PC1 + 

4,331.086 PC3 
2;27 4.551 0.020 0.252 

Note: Testing the classical assumption of regression analysis has been done 
 
 
 
 
Discussion 

Landscape metrics for biodiversity assessment 
The relationship between the structure of the landscape 

and regeneration of forest trees reflects the fact that a small 
change in the structure is possible in coinciding with the 
change in the composition of species. The succession of the 
stands is known to show a strong pattern of low diversity 
during the beginning phase of natural thinning, followed by 
an increasing gap opening of the canopy  (Hakkenberg et 
al. 2016). 

To find out how the influence of the change of 
landscape metrics against the composition and diversity of 
tree species, the deliberations of Table 2 and 4 were 
conducted, whereas a dependent variable is a parameter of 
the diversity of tree species, and is an indicator of forest 
landscape metrics that is used to explain the spatial change 
of habitat continuum. A multiple regression was run to 
detect the possible change of richness index of tree species 
(N0), an effective number of species or true diversities (N1), 
an abundance distribution of species (N2), tree density and 
basal area of trees stand. 

Effect of changes of landscape metrics in the richness index 
of tree species,  

The multiple-regression models of the richness index of 
tree species, Y1 = 20.812 - 5.251 PC2, are significant at p = 
0.049 and R2 = 0.132, where the independent variable is 
Shape Metrics (PC2). It means that the multiple-regression 
models can be used to plan activities to increase the 
richness index of tree species on that tropical lowland 
forest. We can develop measurable efforts to reduce the 
complex shape of metrics, caused by an increasing in 
number and density of patches that bring to the reduction of 
the radius of gyration and patch contiguity.  

The metrics of the patch shape group were particularly 
good indicators of overall species richness and diversity of 
woody plants, and several landscape metrics indicated 
overall species richness was much better than that of any 
single taxon (Schindler et al. 2013) 

In the fragmented forests of Meranti Dangku, there 
were many parts of metrics which were dissipated and 
dissected by road construction and they were converted 
into other types of patches, so the number of patches 
increased, patch isolation also increased, and the richness 
index of species decreased.  

The distance to viable habitats (isolation) also 
determines the composition and abundance of vegetation. 
The landscape fragmentation will reduce the radius of 
gyration and increased the complexity of the shape of 
patches so that isolate habitat will increase. Therefore, less 
isolated habitats have more frequent species-richness 
because they can be quickly settled (Walz 2011).  

When forest areas have been reduced and fragmented 
considerably by logging, conversion and land-use change, 
or human-modified landscape, the first organisms to be 
impacted by deforestation and disturbance are plants. It is 
implied that the shape of complexity can be used to analyze 
the accuracy of the prediction of plant species richness  
(Sodhi et al. 2010).  

There is a very important discovery from the regression 
equation, that there is a different phenomenon with Island 
Biogeography Theory (IBT), during the phase of 
fragmentation of dissipation and dissection, there should be 
a decline in tree species richness, but there was an increase 
in tree species richness, instead.  

The forest rehabilitation and restoration activities 
should be directed to fill in the gap between patches, to 
reduce the number and density of patch, and also to 
increase the size of spatial connectedness or transmission 
of forest patches (patch contiguity). 

Effect of changes in landscape metrics on the effective 
number of tree species   

The multiple-regression models of the effective number 
of tree species are Y2 = 19.425 - 1.343 PC3. Though, the p-
value of 0.283 is above the significance level (e.g., p < 
0.05), but the result doesn’t attain statistical significance. It 
is implied that increasing measure of aggregate metrics of 
the landscape is not reliable enough to predict the effect of 
change of landscape metrics on an effective number of tree 
species (true diversity).  

Effect of changes of landscape metrics in the abundant 
index of tree species distribution 

The multiple-regression models of the abundant index 
of tree species distribution are Y3 = 16.461+1.572 PC3. 
Though, the p-value of 0.188 is above the significance 
level (e.g., p < 0.05), the result does not attain statistical 
significance. It is implied that increasing measure of 
aggregate metrics of the landscape is not reliable enough to 
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predict the effect of change of landscape metrics on an 
abundant index of tree species distribution.   

Effect of changes of landscape metrics in the equity index 
of tree species  

The multiple-regression models of the equity index of 
tree species is Y4 = 1.252 - 0.087 PC3, significant is at p = 
0.032, so it is below the significance level (e.g., p < 0.05) 
and R2 = 0.154. The independent variable is Aggregate 
Metrics (PC3). It means that the multiple-regression models 
are reliable and can be used to predict the value of the 
species equity index on that tropical lowland forest. 

This research shows that when the aggregate metrics are 
decreasing, then the landscape increasingly has more 
fragmented, broken apart and converted into another land 
use type. According to multiple regression models, variable 
PC3 have a negative regression with an equity index of tree 
species (Y4). It is mean that fragmentation, breaking apart, 
decreasing in the degree of aggregation of the forest patch 
type will increase the equity of tree species. This finding 
seems to be the opposite of what was expected. Thus, it 
needs to understand how these parameters affect the 
metapopulational process (local extinction and 
recolonization), habitat preferences and dissemination 
capacities  (Metzger 1997). 

The equity index of species would be declined when a 
number of suitable habitats for these species reduced that 
were caused by the breaking apart of largest patches and an 
increase in a number of patches  (Fahrig 2003; 
Lindenmayer and Fischer 2006).  

Regarding to difficulty in interpreting indices, Li and 
Wu (2004) suggested specific improvements may be 
achieved in three areas, (a) combination of indices is most 
effective in a particular situation, (b) much easier to 
interpret the values of an index if the index is relative, 
ranging from 0 to 1 (or-1 to +1) and if the minimum and 
maximum values of the index have clear ecological 
meanings, (c) the ecological meanings of most landscape 
indices deserve further scrutiny. 

Even though by doing the modification against of 
aggregate metrics (PC3), as demonstrated by the multiple-
regression models, it is statistically significant with small 
determinant level, and the species equity index of 
fragmented forest patches could be improved, but it still 
has no clear ecological meanings. 

Li and Wu (2004) states that the ultimate goal of the 
landscape pattern analysis should be to achieve better 
explanations and predictions of ecological phenomena 
based on established relationships between pattern and 
process.  

Effect of changes of landscape metrics in tree density 
The multiple-regression models of the tree density is Y5 

= 574.758 + 134.963 PC1. Significant is at p = 0.006, so it 
is below the significance level (eg, p <0.05), R2 = 0.241, 
where the independent variable was Dimension Metrics 
(PC1) . It means that the multiple-regression models are 
reliable and can be used to predict the value of the density 
of the tree stand on that tropical lowland forest. 

This research shows that when the dimension metrics 
are increasing, then the landscape is increasingly 
fragmented, broken apart and converted into another land 
use type. 

With the equation of PC1 = -0.300 SIEI-0.292 SIDI + 
0.297 CONTAG-0.116 DIVISION + 0.108 MESH + 0.077 
LPI, it means that in a landscape of forests that is 
increasingly fragmented, then the diversity of patches 
increased due to the conversion of patch of forests into 
another patch type, the contagion between patches is 
declining, a patch division increases, the effective mesh of 
the patches is declining, and the index of the largest patch 
is declining. If the dimension metrics of the fragmented 
forest is declining, then the estimated value of the tree 
density of the tree stand will decrease, and vice versa.  

It means that by doing the modification at the variables 
of dimension metrics (PC1), there will be a significant 
influence, with the determination of 24.1%, and it will 
reduce the tree density of forest stands. The primary roles 
of other variables are productivity and stand conditions 
(Pokharel and Froese 2009). 

Effect of changes of landscape metrics in basal area of tree 
stand 

The multiple-regression models of the basal area of the 
tree stand is Y6 = 28,288,147 + 8,885,947 PC1 + 4,331,086 
PC3, it is significant at p = 0. 020 which is below the 
significance level (e.g., p <0.05) and R2 = 0.252, and the 
independent variable is Dimension Metrics (PC1) and 
Aggregate Metrics (PC3). It means that the multiple-
regression models are reliable and can be used to predict 
the value of the basal area of the tree stand on that tropical 
lowland forest. 

This research suggests that dimension metrics are going 
up and the aggregate metrics are going down, then the 
landscape is increasingly fragmented, broken apart and 
converted into another land use type. 

With the equation of PC1 = -0.300 SIEI-0.292 SIDI + 
0.297 CONTAG-0.116 DIVISION + 0.108 MESH + 0.077 
LPI, it is means that landscape of forests are increasingly 
fragmented, then the diversity of patches increased due to 
the conversion of patch of forests into another patch type, 
the contagion between patches is declining, a patch 
division increases, the effective mesh of the patches is 
declining, and the index of the largest patch is declining. 

With the equation of PC3 = 0.387 PLADJ + 0.380 AI + 
0.185 CA + 0.177 PLAND, likewise, if the forest 
landscapes are increasingly fragmented, the aggregation 
patches decreases, the class area of forest patch type 
decreases, and the percentage of the proportional 
abundance of a forest patch is decreased too, there will be 
the aggregate metrics of the fragmented forest which is 
increasingly declining. 

Based on the multiple regression models of the basal 
area of the tree stand, if the dimension metrics and the 
aggregate metrics of the fragmented forest are declining, 
then the estimated value of the basal area of the tree stand 
will be decreased.  

Increment equations may predict growth or yield of the 
basal area or in diameter, but it should ensure reliable 
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predictions of all species are present (Vanclay 1995). It 
means that by doing the modification at the variables of 
dimension metrics (PC1) and aggregate metrics (PC3), a 
significant influence will happen. And with the 
determination of 25.2%, it will reduce the basal areas of 
forest stands. The primary roles of other variables are 
productivity and stand conditions (Pokharel and Froese 
2009). This finding will contribute significant benefits in 
designing a silviculture system on lowland tropical forest 
restoration. 

It is implied that dimension metrics (PC1) and 
aggregate metrics (PC3) can be used to improve the 
accuracy of the basal area of a tree stand. 

Implications for biodiversity conservation and forest 
restoration 

In the context of management of forest production, 
impacts of selective logging in Indonesia on tree species 
diversity seem to vary, showing little effect on tree species 
diversity or a negative impact  (Sodhi et al. 2010). A study 
on the effects of selective logging on vegetation in 
Kalimantan (Indonesian Borneo) found that harvesting 
removed 62% of the dipterocarps basal area. However, a 
subsequent study from the same area showed that there was 
an increase in tree species diversity eight years after 
selective logging  (Slik et al. 2009; Majumdar et al. 2014). 

To truly understand the current status and forecast the 
future state of tropical diversity, we must also understand 
the levels and patterns of biodiversity in landscapes 
actively managed and modified by humans or a wide 
variety of traditional and commercial purposes, in 
promoting an effective environmental policies and 
landscape management practices, including biodiversity 
conservation  (Amici et al. 2015; Chazdon et al. 2015). 

In this research, a metrics landscape can be used in a 
prediction of the richness index, equity index, tree density 
and stamp basal area of tree species with statistically 
significant (p < 0.05) and coefficients deterministic 13.2%, 
13.1%, 24.1% and 25.2%, respectively, but it is not reliable 
enough to predict the effective number of species, and an 
abundance of tree species distribution. 

Based on the principal component multiple-regression 
models on the basal area of trees stand, the results of this 
study, showed an action plan that is aimed to modify the 
landscape structure and to improve the tree density and 
basal area of forest structure, and it could be directed into 
two components of PC1 and PC3. In order to enhance the 
dimensions metrics, some points should be undergone such 
as: (i) stop the conversion of forest patch into another patch 
type, (ii) re-arrange the activity that spatially will effect to 
decrease of the largest patch index, and (iii) increase the 
effective mesh size of forest patches, (iv) avoid the 
subdivision of patches, so the contagion of the patches will 
increase.  

The other efforts to reduce the complexity of shape 
metrics that should be carried out, with some stressing 
point, are as follows: (i) to reduce the number and density 
of patches, (ii) to increase the contiguity between patches 
of the same type, (iii) to simplify the shape of the patches, 

and the result is a radius of gyration of a core patch would 
be grown. 

In the context of biodiversity conservation, availability 
of the map of land use and land cover may not be sufficient 
to predict species richness and abundance of tree species 
distribution  (Walz 2011). Is there any possibility to derive 
the data of species diversity from landscape structure, by 
means of formulating the specific goals of a particular 
landscape management for the purpose of the biodiversity 
conservation and forest restoration?  (Walz and Syrbe 
2013). 

Haddad et al. (2016) states that the effect of forest 
fragmentation on species diversity arises in part because of 
the many ways of each species responds to edge changes, 
patch configuration and metrics quality, and not just all 
species, all individuals of the same species responding in 
different ways  (Cote et al. 2016). 

However, the landscape metrics still can be used for the 
habitat modeling of individual species or groups of species. 
These relationships can be made comprehensible using 
landscape metrics  (Morris 2014; Amici et al. 2015; 
Hakkenberg et al. 2016), which we are able to show local 
plant variety is satisfyingly predicted by relatively simple 
landscape metrics  (Walz 2011). 

To really understand the current status and prediction of 
the future diversity of tropical forests, we also have to 
understand the level and pattern of biodiversity in the 
landscape of activities managed and modified by humans 
for various purposes, including commercial and traditional 
biodiversity conservation  (Anand et al. 2010; DeClerck et 
al. 2010; Neuschulz et al. 2011; Chazdon et al. 2015). 
Haddad et al. (2016) states from a new perspective on the 
loss of ecology due to habitat loss and fragmentation, 
metacommunity theory to understand and predict the 
properties of spatial networks of interacting species and 
abiotic factors should be done, i.e. the dynamic interaction 
between species, environment and abiotic space, since they 
all have a depth effect (separate and combination) on the 
coexistence of species, species diversity, and functioning of 
ecosystems. 

 In fragmented landscapes, human-modified habitats 
may enhance functional connectivity by providing suitable 
dispersal conduits for early successional specialists  
(Amaral et al. 2016). Landscape preservation is the key to 
biodiversity and species conservation  (Morris 2014). 
Forest harvesting and other management practices should 
take into account the landscape structure of forests to 
benefit tree species diversity and its maintenance, for 
instance by avoiding opening too much the canopy cover  
(Torras and Saura 2008). In addition, studies incorporating 
multiple measures of the landscape structure as a driver and 
indicator of biodiversity would further improve our 
understanding of how to best manage for ecosystem 
services provision (Schindler et al. 2013; Ziter 2016)). 

We recommend integrating forest inventory and 
landscape structure monitoring into forest management 
plans. This enhances the sustainability of the forest 
resources and promotes the evaluation of effects of forest 
management on a landscape structure, and vice versa  
(Torras et al. 2008; Schindler et al. 2013). A design 
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following landscape ecology principles has permitted the 
development of a management plan and silvicultural 
activities  (Navarro-Cerrillo 2012). 

In summary, the effect of the change of landscape 
metrics, especially on the growth of regeneration and 
succession of secondary forest (especially for young trees 
class) in the sub-landscape of Meranti Ulu, Meranti Ilir and 
Dangku significantly influenced the richness and of tree 
species, and the growth of the density and basal area of tree 
species. Sub-landscape of Dangku has the average value of 
the Shannon-Wiener index which is relatively same with 
that of sub-landscape of Meranti Ilir, but, the tree species 
richness index, density of tree species and basal area in 
sub-landscape of Dangku is higher than Meranti Ilir. This 
indicates that the entropy of the natural succession process 
of the secondary forest ecosystems in the sub-landscape of 
Dangku was relatively steadier than in the sub-landscape of 
Meranti Ilir. The role of the interior forest is crucial, 
because although fragmentation has been stimulating the 
increase in the index of richness and equity of tree species, 
but the estimated value of species richness indices, the 
effective number of species, abundance distribution of 
species, and species equity in the sub-landscape of Kapas is 
higher than in Meranti Ulu, and successively is higher than 
in Dangku, and in Meranti Ilir. The change of landscape 
metrics leads to the decolonization of the composition and 
diversity of tree species in the succession process of the 
secondary natural forest, and significantly causes a rise in 
the tree species richness index. This phenomenon is 
deviating from the Island Biogeography Theory (IBT), and 
this is allegedly due to edge effects, shade-intolerant on the 
gap dynamics of forest canopies, connectivity between 
patches, and seed dispersal. The structure of landscape on 
the mosaics of remnants natural forest patches can be 
changed by modification of the landscape (human-modified 
landscape), by repairing the connection and habitat 
corridors between forest patches, by increasing contiguity 
and cohesion between patches, and unifying some patches 
into an aggregate of patch habitat, to make bigger patch 
size.  
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Abstract. Iskandar J, Iskandar BS. 2017. Local knowledge of the Baduy Community of South Banten (Indonesia) on the traditional 
landscapes. Biodiversitas 18: 928-938. The Baduy people are a distinctive group of 11,620 people representing 3,395 households who 
live in an area of 5.136,58 hectares in the mountainous region of South Banten, Java. Traditional Baduy land cultivated by Baduy alone 
is described as tanah Baduy (Baduy land). This paper discusses the local knowledge of the Baduy community on the traditional 
landscapes. A qualitative method was used in this study. The result of the study shows that based on the Baduy categories, the Baduy 
landscape can be divided into four types, mainly forest, swiddens, gardens, and settlements. These landscape types have been 
traditionally managed based on the Traditional Ecological Knowledge (TEK) and beliefs. As a result, the Baduy people have 
continuously been able to practice traditional swidden cultivation, despite population growth and the depletion of the forest around them.  

Keywords: Baduy community, local knowledge, traditional landscapes, swidden cultivation  

INTRODUCTION 

Agricultural land use in West Java and Banten can be 
grouped into two major systems, i.e., wetland for growing 
rice (sawah) and dry land agriculture. Rice fields (sawah) 
can also be divided into irrigated and non-irrigated systems 
based on soil conditions and water content. Dry land 
agriculture can be divided into various types, including 
swidden farming (huma or ladang in Indonesia or milpa in 
Latin America), mixed-garden (kebon campuran or talun), 
and home garden (pekarangan) (Iskandar and Abdoellah 
1988; Iskandar and Iskandar 2011). Unlike the rice field, 
today the swidden farming has rarely practiced by 
Sundanese farmers in West Java and Banten. Because 
based on ecological history, the swidden farming-as one of 
the original Sundanese agriculture-have formally been 
prohibited by the government since early twenty . Swidden 
cultivation had been officially banned in decree no.4046/36 
on 30 July 1896 by the Resident of Banten (see Kools 
1935; Iskandar 1998). In addition, the swidden farming has 
decreased over time in Java due to demographic pressure 
and forest decrease. Although the swidden farming has 
rarely practiced in Java, this original Sundanese 
agroecosystem type has still intensively practiced by the 
traditional people of Baduy community, who reside in 
village of Kanekes, district of Lebak, South Banten. Unlike 
the ordinary Sundanese, the Baduy have rejected the 
cultivation of wet rice field (sawah). Baduy people have 
maintained a traditional form of swidden cultivation alone. 
It is strongly prohibited (tabu or buyut) for Baduy to 
cultivate sawah, and their way of life is bound by social 
obligations and restrictions enforced by informal leaders 

(puun). For instance, Baduy are not allowed to dig soil; 
plant clove, plant rubber, and teak; raise buffalo, cattle, 
sheep, and goat; apply synthetic chemical pesticides and 
chemical fertilizers; poison wildlife and fish; and go to 
school. The Baduy children have traditionally involved in 
various works of swidden farming activities instead of 
attending formal school. 

Like Sundanese people in the past, the Baduy people 
have traditionally managed the swidden system (sistem) 
that is strongly based on traditional ecological knowledge 
(TEK) and embedded by belief (cf. Wessing 1978; 
Mustapa 1996; Toledo 1992; Berkes 2008; Iskandar 1998, 
2012a; Iskandar and Iskandar 2011). The term of 
traditional ecological knowledge has interchangeably used 
with various terms, including local knowledge, indigenous 
technical knowledge, and folk knowledge (Ellen and Harris 
2000). It can be defined as ‘a cumulative body of 
knowledge, practice, and belief, evolving by adaptive 
processes and handed down through generations by cultural 
transmission, about the relationship of a living being 
(including humans) with one another and with their 
environment' (Berkes 2008). Many authors, such asBerkes 
(2008) mentions that four analyses of the traditional 
knowledge and management systems are considered at four 
interrelated levels. The first level, there is local and 
empirical knowledge of plants, animals, soils, and 
landscape. The second level, there is management system. 
The third level, social institutions, sets of rules-in-use, 
norms and codes of social relationships. The fourth level, 
the analysis is concerned on worldview, which shapes 
environmental perception and gives meaning to 
observations of the environment. Therefore, to study the 
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local knowledge of Baduy on the landscape, can only be 
properly understood in relation to a knowledge-practice-
belief complex and involving for four level analyses (cf. 
Berkes 2008).  

On the basis of some studies of ethnobiology, it has 
grown recognition that one emergent property of 
ecosystems having experienced significant human presence 
use over time is that they are a biocultural—system that has 
jointly shaped by biological and cultural dynamics. For 
example, various biodiversities found in place including in 
habitats commonly thought of as pristine, such as tropical 
rain forest is actually anthropogenic (Posey 1999; Carlson 
and Maffi 2004). While the behavior of individual 
community in management and use of resource use, it has 
been determined by the perception of this individual on the 
environment. For example, Baduy is regulated by many 
prohibitions locally called buyut or teu wasa which are 
related to the perception their land is considered as a sacred 
place. Consequently, traditional management and resource 
use of traditional Baduy community based on local 
knowledge, beliefs, and practice have much to contribute to 
the conservation of biodiversity and environment (cf. 
Carlson and Maffi 2004; Berekes 2008). There is also now 
growing recognition of the contribution of ethnobiology 
and traditional ecological knowledge to support 
environment conservation and sustainable use of resources. 
Moreover, various kinds of traditional ecological 
knowledge have come to be accepted and used by scientific 
experts in a number of areas. For example, the results of 
study on various TEKs, have been practically used for 
supporting the sustainable development in various aspects, 
including food and agriculture, human health and livestock 
health, biodiversity prospecting, forest and agroforestry, 
conservation of biodiversity, global warning, and natural 
and ecological disasters (Schultes 1989; Groenfelt 1991; 
Johanes 1993; Warren et al. 1995; Anderson 2005; Ellen 
2007; Berkes 2008; UNEP 2008). In terms of the belief 
system of the traditional communities, it can be seen a 
shared pattern of beliefs can often provide a strong sense of 
group solidarity to manage and conserve biodiversity and 
ecosystem (cf. Lovelace 1984). In other words, religious 
beliefs, traditional beliefs, cultural mores and practices play 
a crucial role in the successful conservation and specific 
organism especially in developing countries (cf. Berkes et 
al. 2000; Lingard et al. 2003; Sasaki et al. 2000; Lingard et 
al. 2003; Iskandar 2012b; Ngara and Mangizvo 2013). 
Nowadays, however, various traditional ecological 
knowledge (TEK) and ecological view in many developing 
countries, including Indonesia have eroded due to replace 
by the domination of Western scientific knowledge and 
anthropogenic view, and intensive penetration of market 
economy (cf. Marten 2001; Keraf 2002; Iskandar 2012b). 
Consequently, although some wild animals and forest areas 
of Nature Reserves, Wild Reserves, National Parks, 
Biosphere Reserves, and Hunting parks of Indonesia had 
been formally protected based on ‘Biodiversity and 
Ecosystem conservation No. 5 1990, various biodiversities 
and ecosystems in many places in Indonesia have been 
intensively exploited and became seriously damaged (cf 
Groombridge 1992; Iskandar 2010; Iskandar 2014).   

Therefore, the traditional ecological knowledge 
composing local knowledge of plants, fauna, and 
landscapes; traditional resource management system, 
traditional institution, and belief system or world view 
rather than ignoring or attempting to replace, it may be 
more useful to be studied and its positive aspects can be 
integrated into Western scientific knowledge and can be 
used to support sustainable development program in 
Indonesia (cf. Lovelace 1984; Hunn 1993; Berkes 2008; 
Iskandar 2012b). For example, Baduy area which is 
considered as sacred place by Baduy people, under the 
traditional adat land is regarded as hak ulayat of Baduy 
community based decree of Regent of Lebak District No. 
550/Kep.223/Huk/2002 has been an informant role for 
conservation actively practiced by the local people of 
Baduy community (Iskandar 2009).  

This paper discusses the local knowledge of the Baduy 
community on the traditional landscapes. Four main 
aspects are discussed in this paper namely Baduy 
perception on their environment and landscapes; categories 
of landscapes and development of landscapes; vegetation 
of each landscape, and the traditional Baduy conservation.  

MATERIALS AND METHODS 

Study sites 
The study was undertaken in the village (desa) of 

Kanekes, sub-district (kecamatan) of Leuwidamar, district 
(kabupaten) of Lebak, province (provinsi) of Banten, 
Indonesia (Figure 1). Geographically, the village of 
Kanekes is located at approximately latitude 60 27’ 27”-60 
30’ North and longitude 1060 3’ 9”-1060 4’ 5” East. The 
main river flowing through the area is the Ciujung. The 
upstream is located in the forest area of Gunung Kendeng, 
south Cikeusik hamlet in Inner Baduy, where sacred placed 
called Arca Domas is found. Culturally, Baduy social 
organization is closely related to their self-conception as 
mandala community (an ascetic group) within the wider 
holistic area. Based on the Baduy tradition, the Baduy area 
can be divided into two main groups, the Inner Baduy 
(Baduy Dalam, Baduy Jero) and Outer Baduy (BaduyLuar 
or Panamping). In addition, it has special area belonged to 
Baduy that is located in the neighboring Muslim area, as 
enclave areas called dangka area. The Inner Baduy 
consists of 3 hamlets, Cibeo, Cikertawarna and Cikeusik, 
while the Outer Baduy is composing more than 50 hamlets, 
such as Cisaban, Kadukohak, Batara, Gajeboh, and 
Kaduketug. Those living in Inner Baduy or Tangtu area are 
considered most sacred, while Outer Baduy or Panamping 
people are less so. Also, adherence to a traditional identity 
is stronger in Inner Baduy than in Outer Baduy. Moreover, 
the Inner Baduy area is considered tanah larangan 
(prohibited land) or tanah suci (sacred land), where only 
people who strongly adhere to ancestral traditions, urang 
tangtu (Tangtu people) are permitted to live. Anyone who 
violates taboos or customary law is banished to Dangka 
(exterior area). 

Based on the village statistical data (1980-2015), the 
total population of Baduy was revealed increasing over 
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time. For example, in 1980 total population of Baduy was 
recorded 4,057 and 25 years later, in 2015 it was recorded 
11,620 people (Table 1). The population was dominated by 
Outer Baduy people approximately 90 percent of the total 
population of Baduy.  

The religion of the Baduy community is called Sunda 
Wiwitan (original Sunda) or Agama Baduy (Baduy 
religion). Based on the Baduy religion, the swidden 
cultivation is considered as their obligation. Conversely, 
the sawah cultivation is prohibited. In addition, various 
modern external inputs, such as modern rice varieties, 
chemical fertilizer, and chemical pesticides have been 
prohibited from applying in the swidden farming.  

 
Table 1. Population of Baduy in 1980 to 2015 (Iskandar 1991, 
1998, 2012, Statistical Data of Kanekes Village 2015) 
 

Year (year) Time 
(year) 

Population 
(people) 

Change of 
number (people) 

1980-1983 3 4057-4574 517 
1983-1984 1 4574-4586 13 
1984-1986 2 4587-4850 263 
1986-1994 8 4850-6440 1590 
1994-2010 16 4850-11172 6322 
2010-2015 5 11172-11620 448 
  

 
 
 
 

 

 
 
 
 
Figure 1. Study site Baduy area of Kanekes Village, Leuwidamar Sub-district, Lebak District, Banten Province, Indonesia (adapted 
from Iskandar and Ellen 2000) 
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Procedure 

 This study was applied the qualitative and used of 
ethnoecology and ethnobiology approaches (Martin 1995; 
Cotton 1996; Iskandar 2012b; Albuquerque et al. 2014). To 
collect primary data, the observation, participant 
observation, and in-depth interviews were conducted both 
in Inner and Outer Baduy. The observation was undertaken 
to observe various Baduy landscapes, including mature 
forest, the swidden field, the fallowing the swidden field of 
secondary forest, and settlement and hamlet forest. The 
participant observation we have been living in some 
informant houses of Inner and Outer Baduy and sharing 
with informants many aspects of their life, from 
subsistence activities, such as swidden farming, to ritual 
occasions such as planting and harvesting rice, and 
perception of forest and rice (cf. Martin 1995). In-depth 
interviews were held with key informants or local experts, 
including religion or informal leaders, the formal village 
leader and his staff, hamlet leaders, and old male and old 
female swidden farmers who are purposively selected and 
using the ethnoecological and ethnobiological approach. 
While, the collecting data of various plants in each 
landscape types, was undertaken by sampling plots. The 
inventory of plants of the plot of 20 m x 20 m that is 
considered as minimal area (Muller-Dombois and 
Ellenberg 1974) with 30 plot numbers of each landscape 
type, namely the forest hamlets (dukuh lembur), swidden 
fields (huma), secondary forest (reuma), and mature forest 
(leuweung kolot) was applied.  

Data analysis 
Analysis of data involved cross-checking, summarising 

and synthesizing from different sources, including 
observation, participant observation, semi-structure or deep 
interview, and secondary data,and built up a narrative 
accounts as a descriptive analysis which is focused on the 
annual Baduy swidden system management which is based 
on the traditional calendar (pranta mangsa or panggalan) 
(cf. Iskandar 2012b; Newing et al. 2011).While various 
species of plants that are recorded in each plot of the 
hamlet forest (dukuh lembur), swidden field (huma), 
secondary forest (reuma) and mature forest (leuweung 
kolot) were identified in the Herbarium Bogorience, 
Indonesian Institute of Sciences (LIPI), Cibinong, Bogor, 
West Java, Indonesia.  

RESULT AND DISCUSSION 

Baduy perception on their environment and landscapes 
Baduy people have traditionally managed their forest 

for swidden farming based on the traditional ecological 
knowledge (TEK) and belief or cosmos (cf. Iskandar 1998; 
Barkes 2008; Pretty et al. 2009; Toledo 2002). In other 
words, the Baduy has utilized and managed various 
resources in their ecosystem based on their perception and 
the world view of their environment (Iskandar 1998; 
Toledo 2002; Carlson and Maffi 2004; Ellen 2006). In 
Baduy cosmology, the earth was initially created that called 

them Sasaka Pusaka Buana, Arca Domas, or Pada Ageung, 
located in the forest place near the present day Cikeusik 
hamlet, Inner Baduy. Sasaka buana is derived from sasaka 
and buana, meaning 'pole, foundation or basis' and 'place 
or earth, respectively, indicating this place as the center of 
the earth where all life began. Two of the seven bataras 
(batara tujuh) descended from Batara Tunggal in this 
place, and these area considered to be the ancestor of 
present-day Baduy religion leader (puun). While the batara 
tujuh were sent to the earth in the forest of upstream 
Ciparahiang, Cibeo, Inner Baduy, that is called Sasaka 
Domas. As a result, the Sasaka Pusaka Buana in the forest 
of Cikeusik that is believed to the centre of the earth 
(pancer dunia), and Sasaka Domas of Cibeo that is 
believed as the place where the Batara Tujuh were sent to 
the earth is considered by Baduy as very sacred (Iskandar 
1998, 2009). These two sacred areas have been known as 
kabuyutan area. Today, the Sasaka Pusaka Buana, Pada 
Ageung or Arca Domas is usually visited annually by Puun 
Cikeusik and a small number of people who conduct 
ascetic rituals (ziarah) over three days, on 16, 17, and 18 of 
the month Kalima (bulan kalima in the Baduy calendar 
(May-June). While the Sasaka Domas is the responsibility 
of Puun Cibeo and is visited annually by its puun and other 
some other people during Kalima, to conduct ascetic rituals 
(ziarah).  

On the basis of the Baduy cosmology, therefore, the 
Baduy area can be divided into three zones that are similar 
to that of the biosphere reserve of UNESCO or the National 
Park concept based on the Western scientific knowledge 
(cf. Soedjito 2004). The first zone, the kabuyutan area of 
Sasaka Pusaka Buana or Arca Domas and Sasaka Domas 
analog with a core area that is strict protection areas where 
is no disturbance by the Baduy. This is traditionally used to 
conduct ascetic rituals. The second zone, it is analog to the 
buffer zone based on the biosphere concept, located in 
outer of kabuyutan area, as recognized as the Inner Baduy 
area. This area is considered less sacred compared to the 
kabuyutan area. The third zonation, it is analog with 
transition are of the biosphere reserve, is considered less 
sacred compared to the Inner Baduy area, as recognized as 
the Outer Baduy area (Figure 2).   

In addition, in each mountain of both Inner Baduy and 
Outer Baduy, can be divided into three zones. The first 
zone is a flat area in located in the valley, near river or 
water resources, mainly used for settlement. It is 
surrounded by anthropogenic hamlet forest (dukuh lembur). 
In the settlement area, the traditional houses (imah) are 
found, while in the hamlet forest, the rice barn (leuit). The 
second zonation is located in the upper of the settlement 
area on hillsides. These have as the main purpose of 
intensive the swidden cultivation (huma). In the second 
zone, overlapping with huma, the reuma that is fallowed 
land abandoned after harvesting rice and converted to a 
succession of secondary forest is found. Therefore, in the 
second zonation is composed by overlapping mosaic of 
swidden field (huma) and secondary forest (reuma) of a 
different age of fallow time. The third zonation is located 
on top the hills that are grown by mature forest, called 
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leuweung kolot or leuweung titipan. Based on the Baduy 
tradition, the hamlet forest (dukuh lembur), riverbank 
forest, and the mature forest of the hill is traditionally 
protected that is prohibited from cultivating for swidden 
cultivation. It is shown that traditional ecological 
knowledge has been a significant role in the conservation 
of flora and fauna species and various landscapes of the 
Baduy ecosystem (cf. Barkes 2008).    

The categories of landscapes 
The Baduy areas are arranged of mixed natural and 

man-made landscapes as depicted in Figure 3. These are 
composed various landscapes, namely hamlets (lembur or 
kampung), swidden field (huma), garden (kebun) and 
mixed garden (dukuh), secondary forest (reuma), mature 
forest (leuweung kolot), and river (wahangan)(Figure 3) 
and Table (2). 

The first, the hamlet is traditionally named as kampung 
or lembur. Based on the Baduy lembur can be categorized 
into two groups: babakan or lembur anyar (new hamlet) 
and lembur kolot (old hamlet) or lembur gede (big hamlet). 
Hamlet names are usually based on rivers, plants, and 
general landscape feature. Hamlet named after rivers 
usually have ci (ci = water) as prefix, as Cikeusik, 
Ciparahiang, Cisadane, and Cihulu. Hamlet names based 
on plant name or landscape features, include Kadujangkung  

(kadu = durian, jangkung = tall), nangka bengkung (nangka 
= jack fruit, bengkung = bent), Cicakal muhara (muhara = 
estuary) and Cicakal girang (girang = river upstream).  

 
 

 
 

Figure 2. Baduy area showing Inner Baduy, Outer Baduy, and the 
Dangka area in relation to the distance from sacred places 
(Iskandar 2009).  

 
 
 

 
 
 
Figure 3. Various traditional Baduy landscapes (field note, 2004) 
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Table 2. Various traditional landscapes of Baduy (field notes, 2004) 
 
Baduy terms Indonesian terms Glossaries 
Lembur or kampung 
- Babakan 
- Kampung or Kampung gede 
 

Kampung 
- Kampung baru 
- Kampung lama 

Hamlet 
- New settlement 
- Old settlement 

Huma 
- Huma panamping 
- Huma Baduy jero 
 

Ladang 
- Ladang Baduy Luar 
- Ladang Baduy Dalam 

Swidden field 
- Swidden field of Inner Baduy 
- Swidden field of Outer Baduy  

Leuweung 
- Leuweung titipan 
- Leweung pihumaeun 
- Leuweung ngora, reuma ngora 
- Reuma kolot 
 

Hutan 
- Hutan konservasi 
- Hutan untuk ladang 
- Hutan sekunder muda 
- Hutan sekunder tua 

Forest 
- Protected forest 
- Non- protected forest for swiddening  
- Immature secondary forest 
- Mature secondary forest 

Kebon 
- Kebon kopi 
- Kebon cengkeh 
- Dukuh 
 

Kebun 
- Kebun kopi 
- Kebun cengkih 
- Kebun campuran 

Garden 
- Coffee garden 
- Clove garden 
- Mixed- garden 

Wahangan 
- Wahangan  
- Solokan 
- Hulu cai, girang  
- Muhara 
- Leuwi 

Sungai 
- Sungai besar 
- Sungai kecil 
- Mata air, Hulu sungai 
- Hilir Sungai 
- Lubuk 

River 
- Big river 
- Small river 
- Upstream 
- Down stream 
- River deep bottom 

 
 
 
 
The second, swidden field that is named huma can be 

categorized by Baduy based on ownership and location. 
For example, based on the location it is popularly 
recognized as huma urang Panamping (swidden field 
belongs to each familyPanamping people or Outer Baduy 
People) and huma urang Girang (swidden field is belong 
each family of the Girangpeople = upstream people or 
Inner Baduy people), or huma urangBaduy Jero (swidden 
field belongs to Baduy Jero or Inner Baduy). In addition, 
based on ownership, the huma can be categorized into four 
types, huma puun (belonged to Puun), huma serang 
(belonged to entire community), huma girang seurat 
(belonged to family of Girang Seurat/Puun staff), huma 
jaro dangka (belonged to family of Jaro Dangka/informal 
leader staff) 

The third, forest or leuweung based on structure 
vegetation can be divided into two categories; reuma 
(immature forest) and leuweung kolot (mature forest). In 
addition, the forest based on the traditional management 
can be divided into three groups , leuweung titipan 
(protected mature forest), leuweung pihumaeun (non-
protected forest for swidden farming) and secondary forest 
of fallowing swidden farming (reuma) composing of 
immature secondary forest (reuma ngora) and mature 
secondary forest(reuma kolot).  

The forth, the gardens (kebon) can be categorized into 
several types that is based on occurring dominant species, 
such as kebon kopi (dominated by kopi/coffee crop and 
kebon cengkeh (dominated by cengkeh/clove crops), and 
mixed-garden planted mixed annual and perennial crops is 
called dukuh (talun-mixed perennial crops or kebon kai-

woody garden, and kebon tatangkalan-tree garden, in other 
Sundanese areas of non-Baduy) (see Iskandar et al. 2016). 

The fifth, the river or wahangan based on size can be 
divided into two categories, namely small river (solokan) 
and big river (walungan). In addition, the big river can be 
divided into two categories, namely upstream that is name 
hulu cai or girang (upstream) and hilir or muhara 
(downstream) (Figure 3). 

The development of landscapes 
As mention earlier, there are four traditional landscapes 

in the Baduy area: forest (leuweung), swiddens (huma), 
garden (kebon) and Hamlet (lembur or kampung) and forest 
hamlet (dukuh lembur). According to Baduy people, the 
forest can be divided into main categories: protected and 
non-protected. Protected forest constitutes those areas 
which leuweung kolot (mature forest not known to have 
been previously farmed), big or large forest (leuweung 
gede) or entrusted forest (leuweung titipan). In addition, 
there is some small plot of protected forest located on hills 
(dungus). In generally protected forest (leuweung kolot or 
leuweung gede) is found in Inner Baduy. Two of the most 
important protected forest area Arca Domas and Sasaka 
Domas, located in Cikeusik and Cibeo, respectively. These 
places can be visited only once a year by traditional leaders 
(puun), who are accompanied by a few people from both 
Inner Baduy and Outer Baduy who undertake ascetic rituals 
(ziarah). This happens during the month of Kalima (bulan 
Kalima/May-June) in the Baduy calendar. 

Another forest type, non-protected forest, that can be 
opened for swiddening. If the protected forest has been 



 B IODIVERSITAS 18 (3): 928-938, May 2017 

 

934

opened for swiddening, the term leuweung is usually no 
longer used and is replaced by reuma (secondary forest). 
Moreover, if reuma is opened to established a settlement, 
the anthropogenic forest surrounding the hamlet is called 
lindung lembur (hamlet shelter forest) or dukuh lembur 
(hamlet forest). 

Generally speaking, most land use types derive from the 
non-protected mature forest (Figure 4). To practice 
swidden cultivation (ngahuma), a piece of land is cleared 
completely of vegetation. However, woody plants and 
those of economic value, such as fruit, are only pruned. 
Branches and stems are collected for fuel. The remaining 
biomass is burned to supplement soil nutrients. The piece 
of land is then prepared for planting rice and other annual 
crops. A piece of land is usually only cultivated for one or 
two years for swiddening (huma) before being fallowed. 
The length of time depends on soil fertility. After 
harvesting rice and other annual crops, the land is fallowed 
and transformed into the immature secondary forest (reuma 
ngora) and mature secondary forest (reuma kolot) through 
natural succession. A swidden in fallow for less than one 
year, and which still has lots of dried rice stalks, is called 
jami. From this land, annual crops such as taro (taleus = 
Collocalia esculenta L), African tuber (kumili = 
Plectranthus rotundifolius (Poir) Spreng), and pigeon pea 
(hiris = Cajanus cajan (L) Millsp)continue to be harvested. 
In addition, if the Albizzia trees (Paraserianthes falcataria 
(L) Nielsen) have been grown during swiddening, these are 
also allowed to grow together with natural vegetation (see 
Iskandar and Ellen 2000). Therefore, although rice has 
been harvested, the land is regularly visited by the owner to 
check fallowed land (nempo jami). 

The secondary forest can be opened for rice planting 
again in the following year or fallowed for more than three 
years. The people will shift to another place of mature 
secondary forest (reuma kolot) for rice planting and fallow 
the same procedure: cutting and pruning, burning, weeding, 
harvesting and fallowing. In Outer Baduy, due to high 
population density and lack of reuma kolot, famers 
temporarily rent non Baduy land and sharing crop, while 
waiting for their own land to fallow. They usually return to 
cultivate their own land after about three years swiddening 
in the non Baduy area.   

In some cases, the development of the landscape system 
is from swidden fields (huma) into annual monoculture 
garden (kebon) and mixed-perennial crop garden (kebon 
campuran or dukuh), triggered when other annuals or 
perennials are cultivated after the rice harvest. In the 1980s, 
mixed-perennial crop garden has become the norm in Outer 
Baduy due to introduction cash crops such as clove 
(cengkeh = Syzigium aromaticum Merr & L.M Ferry), 
coffee (kopi = Coffea arabica L) and Albizia (albasiah = 
Paraserianthes falcataria (L) Nielsen). By the 1990s, 
however, clove had been abandoned because of the very 
low market price and is culturally prohibited cultivate in 
Baduy area.  

Eventually new land develops into another landscape 
type, a new settlement or new hamlet (babakan) and big or 
old hamlet (lembur or kampung) with anthropogenic forest 
surrounding the hamlet (dukuh lembur or lindung lembur).  

 
 

Figure 4. Development of landscapes in Baduy, Banten (Iskandar 
1998)  

Pattern of settlement  
Each Baduy settlement has a clear symbolic orientation, 

based on a main directional axis leading to a sacred place: 
Arca Domas, Sasaka Pusaka Buana or Pada Ageung and 
Sasaka Domas or Mandala Parahiang, all located in Inner 
Baduy, near Cikeusik and Cibeo, respectively. According 
to Baduy cosmology, Arca Domas and Sasaka Buana are 
believed to be the center of the earth (pancer dunia), the 
first place created by God, and the place where 'Seven 
Batara’ (Batara Tujuh, the oldest of which, Batara Cikal, is 
considered the ancestor of the Baduy traditional leader) 
were sent to the earth (Danasasmita and Djatisunda 1986). 
Within this symbolic framework, therefore, settlement to 
the south, in the core area, containing the three Inner Baduy 
hamlets of the Cikeusik, Cikartawarna, and Cibeo, are 
considered as most pure; while those to the north, north and 
north-west, where Outer Baduy hamlet are located, are 
considered less pure (Figure 2). Based on Baduy 
perceptions, the oldest hamlets (lembur or kampung) is 
Cikeusik, located close to the sacred place of Arca Domas. 

Internally, each hamlet is also ordered according to 
cosmological coordinates. The settlement of Inner Baduy is 
usually composed of houses (imah), rice barns (leuit), 
public rice pounding places (lisung lembur or lisung 
kampung), and a meeting house or bale kapuunanan. 
Houses are set very close together, along the main axis 
which is usually north-south. The house of traditional 
leader (imah puun) is located to the extreme south. This 
consistent the belief that the spirit (sanghyang) or soul of 
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their ancestor (wongatua), who is considered to live in the 
sacred place to the south, should have easy access to the 
hamlets. In contrast, the meeting house and public rice 
pounding area are located in the northernmost area. 
Between the imah puun and the meeting house ordinary 
dwelling are located, each surrounded by rice barns. In the 
center, there is an open square about 4 meters wide. The 
river is located outside the housing complex and is 
commonly used for bathing, washing, and fishing.  

The outer Baduy settlement, particularly in big or old 
hamlets, such as Kaduketug, are much like those of Inner 
Baduy composed of houses, rice barn, and public rice 
pounding areas. The public rice pounding area is located to 
the north or northwest, with wooden mortar (lisung) 
towards the east. The house of the traditional leader (imah 
kolot lembur) and the jaro dangka are found only in older 
hamlets, such as Kaduketug. The house is usually located 
in the southmost area.  

Vegetation of each landscape  

Vegetation of forest 
Mature forest (leuweung kolot) contains a high diversity 

of plants. On the basis of plant survey in the 30 sample 
plots of the mature forest of Cibeo, Inner Baduy, at least 
165 plant species. Various wild and semi-wild species 
including maja (Aegle marmelos (L) Corr), tondeh 
(Aleurites triloba Forst), pensar (Artocarpus rigida Bl), 
eucit (Baccaurea javanica M.A), pelah (Daeronarops 
ruber Renw ex Mart Bl), durian (Durio zibethninus Murr), 
tapos (Elateriospermum tapos Bl), ki sampang (Evodia 
sp), beunying (Ficus brevicuspis Miq), kimancirang 
(Ficus pumila L), bisoro (Ficus virens W.Ait), kiteja 
(Cinnamomum sp), ki sapi (Gardenia exelsa (Bl) Bl),putat 
(Planchonia valida (Bl) Bl), bubuay (Plectocomia 
elongata Mart ex Bl), ki leho (Saurauria bracteosa DC), 
jirak (Symplocusfasciculata) and kopo (Syzygium 
malaccense (L) Merr & Ferry) are predominantly recorded 
(Figure 5). Although by definition it has never been opened 
for cultivating rice, mature forest performs many useful 
functions. For instance, maintains the hydrological Ciujung 
river, provides animal habitats, plant genetic resources, 
protect the soil and maintains the microclimate. It provides 
a variety of non-timber forest products, such as fruits, 
medicinal plants, ritual plants, handicraft materials, fungi, 
honey bees, bamboo shoots, and other vegetables. Based on 
direct observations and interview with informants, it has 
been recorded some protected animals in the mature forest 
area, including the Java leaf monkey (surili = Presbytis 
aygula), the silvered leaf monkey (lutung = 
Trachypithecus cristatus), the Java gibbon (oa/kueung = 
Hylobates moloch), the scaly anteater (peusing/trenggiling 
= Manis javanica), the Java porcupine (landak = Hystrix 
javanica), the stink badger (teledu/sigung = Mydaus 
javanicus), the mouse deer (peucang/kancil = Tragulus 
javanicus), the barking deer (mencek = Mutiacus muntjak), 
heulang hideung (Ictinaetus malayensis), heulang ruyuk 
(Spilornis cheela), heulang brontok (Spizaetus cirrhatus), 
cekahkeh (Halcyon chloris), manuk hurang (Halcyon 
cyanoventris), sriganti (Nectarinia jugularis) and kalaces 

(Arachnothera longirostra). In addition, some places, such 
as Arca Domas and Sasaka Domas in the forest are 
considered sacred and can only be visited at special times 
to perform annual rituals. 

Reuma vegetation 
Reuma is a man-made forest that is fallowed swidden 

namely as soon as the swidden plot has been abandoned, 
regrowth vegetation rapidly takes hold. Based on plant 
surveys of the reuma plot of both Outer Baduy and Inner 
Baduy, it was recorded 79 plant species. Of these species, 
some species such as congkok (CurculigorecurvataW.T 
Alton), koneng gede (Curcuma xanthorrhiza Roxb), 
sempur (Dillenia aurea Smith), durian (Durio zibethinus 
Murr), beunying (Ficus brevicuspis Mq), kaso (Saccharum 
spontaneum L), seuhang (Ficus grassularoides Burm.f), 
hamerang (Ficus fulva Reinw), kitambaga (Flemingia 
lineata Roxb), mara (Macaranga tanarius (L) M.A), 
kiseureuh (Piper aduncumL), kaweni (Mangifera odorata 
Griff), picung (Pangium edule Reinw), petai (Parkia 
speciosa Hassk), and jengkol (Pithecellobium jeringa 
(Jack) Prain ex King are predominantly recorded (Figure 
6). Therefore, although reuma is technically fallow it still 
provides useful foods and materials, including those 
contributing to cash income.  

The vegetation of hamlet 
The Baduy hamlet is commonly encircled by 

anthropogenic forest, dukuh lembur or what Terra (1958) 
calls talun (see also Christanty et al. 1986, Iskandar et al. 
2016). The dukuh lembur is planted mainly with medicinal 
species, fruit trees, and plants providing materials. 
According to plant species survey in the sample plots of 
Dukuh Lembur of Outer Baduy, it was recorded 79 species. 
Some species such as kawung/aren (Arenga pinnata 
(Wurmb) Merr), kalapa/kelapa (Cocos nucifera L), 
kadu/durian (Durio zibethinus Murr), andul ((Elaecorpus 
obtusus Bl), awi/bambu gombong (Gigantochloa 
verticilata (Willd) Murr), cariang (Homalonema pendula 
(Bl) Bakh.F.), kiray (Metroxylon sagu Rottb), cau/pisang 
(Musa paradisiaca L), rambutan (Nephelium lappaceum 
L), ki leho (Saurania bracteosa DC), kecibeling 
(Sericocalyx crispus (L) Bremek), pisitan (Lansium 
domesticum Corr), binglu/kemang (Mangifera cesia Jack 
ex Wall), picung (Pangium edule), petai (Parkia speciosa 
Hassk), and kaweni (Mangifera odorata Griff) are 
predominantly recorded (Figure 7).The vegetation structure 
resembles a mature forest. A rich species diversity index 
with different maturation times for each species means that 
dukuh lembur can be harvested throughout the year. This 
product mainly fulfills daily consumption needs, but some 
surpluses, such as fruit, can be sold to obtain additional 
income. These species include durian, peuteuy, kaweni, 
kelapa, aren, and picung. 

Vegetation of swidden field (huma) 
Various crops planted in the Baduy swidden field, the 

most important is rice (pare = Oryza sativa L), which is 
considered to be sacred. This belief can be related to old 
Sundanese traditions. In the past, most Sundanese believed  
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Figure 5. Structure vegetation of mature forest of Cibeo, Inner 
Baduy. (Photo: J. Iskandar 2004) 
 
 
 

 
 
Figure 6. Secondary forest (reuma) of Outer Baduy Community. 
(Photo: J. Iskandar 2004) 
 
 
 
 

 
Figure 7. Vegetation structure of hamlet forest (dukuh lembur) of 
Outer Baduy Community (Photo: J. Iskandar 2004) 

 
 
Figure 8. The vegetation structure of the swidden (huma) of the 
Outer Baduy Community. (Photo: J. Iskandar 2004) 

 
that rice was originally created by the rice goddess Nyi Sri 
Pohaci (Dewi Sri in Javanese) (Soeganda 1982). This myth 
legitimates the respect held by pre-Islamic Sundanese 
farmers for the rice goddess. Rice was commonly called 
Nyi Sri or Kersa Nyai (the wish of Nyai), while rice 
cultivation was punctuated from beginning to end with 
various rituals (Suganda 1982; Locher-Scholten 1987; 
Mustapa 1996). Similar beliefs and practices are still found 
in Baduy today. A number of local rice varieties are 
planted annually in Baduy swiddens (huma). According to 
Baduy informants, at least five local rice varieties that 
should be planted in each swidden field. Three are 
considered particularly sacred: pare koneng, pare siang, 
and pare ketan langgasari. These varieties must be planted 
in separate part of the swiddens. Some households, who 
don’t own enough land (less than 0.50 hectares), are unable 
to plant these varieties. As a result, they do not have a 
pungpuhunan (sacred place in a swidden field) and ritual 
must be undertaken by other households, and sacred rice 
seed for planting must be borrowed. 

On the basis of plant survey of thirty plots the swiddens 
of both Outer Baduy and Inner Baduy, it was recorded 79 
species of plant composing rice and non-rice crops. 
Various plants such as pare/padi (Oryza sativa L), hanjeli 
(Coix lacryma-jobi L), kumili (Plectrathus rotundifolius 
(Poiret Sprengel), jeungjing (Albizia chinensis (Osb) 
Merr), kawung/aren (Arenga pinnata (Whurmb) Merr), 
pisitan (Lansium domesticum Corr), petai (Parkia 
speciosaHassk), kacang hiris (Cajanus cajan (L) Huth), 
waluh (Cucurbita moschata (Duch) Poir), hui manis 
(Dioscorea alata L), kacang roay(Dolichos lablab L), 
kadu/durian (Durio zibethinus Murr), sempur (Dillenia 
aurea Smith), cau/pisang (Musa paradisiaca L), jaat 
(Psophocarpus tetragonolobus ), tiwu/tebu (Saccharum 
officinarum (Bl) K.Schum), jirak (Symplocus fasciculata 
Zall), are predominantly recorded (Figure 8). These species 
have been an important role for fulfilling subsistence 
economic and some surpluses, such as vegetables and fruits 
can be sold. The rice product, however, based on the Baduy 
tradition has been prohibited from trading.  



ISKANDAR & ISKANDAR – Traditional landscapes of the Baduy Community, Indonesia 
 

 

937

Traditional Baduy conservation  
As described above, it can be seen that various 

landscape of Baduy people has been traditionally by 
managed by TEK which has four interrelated levels: local 
knowledge of land, flora, fauna etc.; land and resource 
management systems; social institutions; and worldview 
(cf. Berkes 2008). In other words, the Baduy have managed 
various landscapes dealing with a knowledge-practice-
belief complex and in important role to adaptive with their 
environment. According to Baduy tradition, they have 
some prohibitions based on customary (pikukuh). For 
example, they have been prohibited from cultivating 
protected mature forests, to dig soil, to make irrigation and 
cultivate rice in the irrigated rice fields (sawah), to raise 
large livestock, including cow, buffalo, goat, and sheep. In 
the swiddening, Baduy have followed the their agricultural 
calendar, and it has been forbidden to hoe soil or zero soil 
tillage, to use modern high-yield rice varieties, to apply 
inorganic fertilizers, and to employ synthetic pesticides. In 
other words, they have practice swiddening by applying the 

organic farming system and LEISA (Low-external-input 
and sustainable agriculture) system (Reijntjes et al. 1992). 
In addition, they have been prohibited from cultivating 
monoculture commercial crops, such as teak, rubber, and 
clove. These traditional prohibitions can be considered as 
an adaptive strategy to their environment with their specific 
local environments, and an important role for natural 
resource conservation (cf.Reijntjes et al. 1992; Ichwandi 
and Shinohara 2007; UNEP 2008; Maninkandan et al. 
2011) (Table 2).  

It can be concluded that the Baduy people have 
traditionally manage the local ecosystem, mainly 
particularly forest for the swidden farming based on the 
traditional ecological knowledge and belief and cosmos, 
such as to establish some forest areas as a sacred place and 
prohibited to cultivate for the swidden farming system. As 
a result, the Baduy have continuous been able to practice 
traditional swidden cultivation, despite population growth 
and the depletion of the forest around them.   

 
 
 
 
 
 

Table 2. Some taboos or prohibitions (emic view) of the Baduy and ecological functions (ethical view) (field notes, 2004) 
 
Some taboos of the Baduy people (emic view) Ecological functions (ethical view) *) 

Prohibited to cultivate protected mature forest (teu wasa ngahuma 
di leweung titipan) 

To conserve forest ecosystem and various flora and fauna 

Prohibited to dig soil (teu wasa ngagali-gali taneuh)  To avoid soil erosion and landslide  

Prohibited to raise large live stocks, including cow, buffalo, goat, 
and sheep (teu wasa miara sapi, kebo, kambing dan domba) 

To avoid high risk of soil erosion cause of big livestock grazing 

Prohibited to introduce commercial monoculture crops, such clove 
garden, and rubber garden (teu wasa ngebon cengkeh jeung kebon 
karet)  

To avoid high risk of pests and market economic fluctuation, and 
applying the agroforestry system more resistant, protect soil 
erosion, and to pests and provide socio-economic functions 

Prohibited to hoe soil or the applying soil tillage (teu wasa macul 
taneuh)  

To improve soil condition, soil structure, water-holding capacity, 
aeration, infiltration capacity, temperature, and evaporation  

Prohibited to cultivate new modern rice verities (teu wasa melak 
pare anyar modern) 

To conserve local rice verities and the modern rice varieties need 
high inputs of chemical fertilizers, adequate synthetic pesticides, 
and water supply.  

Prohibited to use chemical pesticides(teu wasa ngagunakeun 
racun hama pabrik) 

It works quickly and effectively. However, it has serious 
disadvantages, such as environmental pollution, kill natural 
enemies of pests, and expensive and difficult to obtain 

Prohibited to use artificial/inorganic fertilizer (teu wasa 
ngagunakeun pupuk pabrik) 

It may disturb soil life and soil balance; continuous use of only 
artificial NPK fertilizers lead to depletion of micronutrients, such 
as zinc, iron, copper, manganese, magnesium, molybdenum, boron 
which may influence plant, animal, and human health; and lack of 
supply and expensive  

Prohibited to swiddening cultivation that is not followed the 
traditional calendar of Baduy (teu wasa ngahuma bari henteu 
ngilupananggalan Baduy) 

 

To synchronize the planting and harvesting rice and to cut life 
cycle of insect pests 

Note: *) cf. Reijntjes et al. (1992); Ichwandi and Shinohara (2007); UNEP (2008); Maninkandan et al. (2011) 
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Abstract. Abbasi MR, Paighambari SY, Pouladi M, Ghorbani R. 2017. Catch composition, length frequency and biomass of commercial 
carps in Zayandehrud dam, Isfahan Province, Iran. Biodiversitas 18: 939-944. The reservoir of Zayandehrud with an area of 4800 
hectares due to its economic role is one of the important lakes in Isfahan Province. This study was performed from September 2015 to 
March 2016, to evaluate catch composition, length frequency and biomass of carps for sustainable utilization of fish resources. Sampling 
operations were performed using gill nets with mesh sizes including 40, 50, 60, 70, 80, 90, 120, and 150 mm (stretched) with a length of 
1 to 3 km seasonally. A total of 617 fish with a total weight of 1109.7 kg were caught. The important species which were caught by 
fishing operations were including common carp (Cyprinus carpio), silver carp (Hypophthalmichthys molitrix), bighead carp 
(Hypophthalmichthys nobilis), grass carp (Ctenopharyngodon idella) and mesopotamian barb (Capoeta damascina), respectively. Due 
to natural reproduction season (spring, in July), the fishing season usually starts from August to the end of winter. Common carp with 
292 pieces (47.32%), silver carp with 87 pieces (14%) and mesopotamian barb with 221 pieces (35.81%) had the most abundance; 
whereas crucian carp with 4 pieces (0.64%) and grass carp with 1 piece (0.16%) showed the lowest abundance. Also as the main species 
of study, highest length ranges of caught common carps were in the range of 38-45 cm and 46-50 cm in autumn and winter, whereas 
highest length ranges of caught silver carps were in the range of 56-86 cm and 48-54 cm in autumn and winter. Length - weight 
relationships of carp showed an isometric growth model that indicates homogeneous growth in fish.  

Keywords: Carp fish, catch composition, length frequency, Zayandehrud dam, Isfahan  

INTRODUCTION 

Protein sources for human consumptions are provided 
through agriculture, livestock and aquaculture production. 
Development of fisheries in a lake or reservoir water 
through of production of natural water sources, determine 
suitable species of fish for release, ratio and density 
appropriate, the use of appropriate technology, protection 
of the beds spawning, prevent the escape of fish and 
control of fishing is possible (Sirvastava 1992). Despite the 
increasing pressure of population growth on existing 
limited resources is entered, the need for more recognition 
of the characteristics of water resources and fisheries in order 
to apply proper management is felt (Abbasi 2010). 

In terms of geographical and climatic characteristics, 
Isfahan province has vast potential for aquaculture 
development, such that there are vast possibilities for the 
development of multi-purpose ponds for fish farming, 
saltwater, and brackish aquaculture development, and 
finally cold water fish culture. Lakes and water resources 
of this province can create conditions for intensive fish 
production and these facilities can be used to create 
suitable habitats to develop and maintain of fish stocks 
(Fisheries Department of Isfahan 2014).  

There are more than 20 cases of these natural resources 
and lakes in Isfahan province. One of the potential and 
important lakes is Zayandehrud dam in Isfahan province 
which is located at distance of 110 km of the west of 
Isfahan in Chadegan city. The primary purpose of the dam 

is water supply to Isfahan which lies 88 km to the east. It 
also supports a power station with an installed capacity of 
55 MW (Jeroen and Droogers 2004). Over the last 10 
years, an annual average of around 180 thousand pieces of 
fish in this lake has been released by the Fisheries 
Department of Isfahan (2014) and the annual fishing is 
about 300 tons in this lake. These amounts of harvests 
already are harvested by more than 250 professional 
fishermen who live in the villages along the lake. 
Numerous studies for evaluation of aquatic life in lakes 
have been done in Iran in recent years. In assessing of fish 
stocks in the inland water sources in Iran can refer to 
researches on released and endemic fish stocks in Aras lake 
dam (Qaninezhad and Pour Gholam Moghadam 1995), 
Mahabad dam (Abdolmaleki 2004), Tahm dam (Mirzajani 
2008), Choueir and Mirzakhanlou dam (Mirzajani 2009), 
Lar dam (Salavatian et al. 2014) and Golbolagh reservoir 
(Mohammadi et al. 2016). 

Due to importance of the lake in terms of fish 
production and issuance of permits to harvest and lack of 
the basic information about the store and harvest the catch, 
growth and density, It is necessary to survey data, the catch 
composition, density, length frequency and estimate the 
amount of biomass of carp fishes in this study. The main 
purposes of this research are a determination of the catch 
composition, biological conditions of carp species and 
estimation of commercial carps biomass in Zayandehrud 
reservoir. 
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MATERIALS AND METHODS 

Sampling fish from three stations, using monofilament 
gill net with length of 1 to 3 km and 4 to 15 meters height 
and mesh sizes of 40 to 150 mm (40 mm mesh size - 1 roll, 
60 mm mesh size - 2 rolls, 60 mm mesh size - 2 rolls, 70 
mm mesh size - 2 rolls, 80 mm mesh sizes - 2 rolls, 90 mm 
mesh sizes - 1 rolls, 100 mm mesh size - 1 rolls, 120 mm 
mesh sizes - 1 roll, 150 mm mesh size and 1 roll ) was 
conducted in collaboration with members of the fishing 
cooperative. 

Stations distances with each other were around 2.5 to 3 
km. Stations and nets characteristics in sampling period 
were included: Station 1: gill net with 1500 m length (100 
m net length with 70 mm mesh size, 1000 m net length 
with 90 mm mesh size, 350 m net length and 100 mm mesh 
size, 50 m net length with 80 mm mesh size) and 8 to 18 
net height and 15 m lake depth; Station 2: 600 m net length 
and 9 m net height and 40 m water depth and net mesh size 
including: 70, 80, 90, 100 and 120 mm; Station 3: 2000 m 
net length and 6 m to 18 m net height and 30 m water depth 
and net mesh sizes including: 60, 70, 80 and 120 mm.  

Sampling and collecting of information using gill nets 
of fishing cooperatives, during 15 days in autumn and 15 
days in winter were done. Also, fish scales for 
determination of fish ages from below of dorsal fin were 
taken, and using Microscope with magnification 50 were 
observed and annual growth circle were counted in the 
laboratory (Chugunova 1959). For length classification of 
target species (Carp fishes), samples were classified 
according to Sturges (1926) formula:  

 

�
�

 
 
 Where R is the number of samples, K is the number of 

categories, and C is classes’ gap in fish, the length (cm) - 
Weight (g) is usually shown as follows: 

 

 
�

Where W is total weight in grams and L is the total 
length in cm. Also to test for growth pattern, Pauly-Monero 
test and for the test of allometric and isometric significant 
growth and for determining the b significant value Pauly 
test was used (Biswas 1993).  

 

�
�
The calculated t with table t with n-2 degrees of 

freedom is compared. If calculated t was smaller than table 
t, it is isometric growth and if calculated t was greater than 
table t, so the growth will be an allometric growth.The 
relationship between catch per unit effort (y/f) and effort (f) 
with Schaefer linear equation was obtained: 

 

 
 
 
 
 
 
 

 
 
Figure 1. Sampling stations in Zayandehrud dam, Isfahan, Iran 
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Also, Fox model was calculated. In this model, the 
relationship (y/f) with f is not linear in normal condition. 
However, if the logarithm values of (y/f) was used in 
relation, it would be converted to a linear equation.  

 
 

 
The sustainable catch (fMSY) and the MSY in Schaefer 

model are calculated as follows (Sparre and Venema 1998): 

 

 
The sustainable catch (fMSY) and the MSY in Fox 

model are calculated as follows (Sparre and Venema 1998): 
�

 

 
 
In order to analyze the effects of the fishing on a 

specific age category of fish stocks, virtual population 
analysis (VPA) model using FiSat software version 2 was 
applied. The statistical data analysis using SPSS software 
Version 16 and Excel 2013 were performed. 

RESULTS AND DISCUSSION  

In total, 617 fish with a total weight of 1109.5 kg 
belong to carp fish were taken. Caught carp fishes by 
fishermen were included: common carp (Cyprinus carpio), 
silver carp (Hypophthalmichthys molitrix), bighead carp 
(Hypophthalmichthys nobilis), grass carp 
(Ctenopharyngodon idella), and mesopotamian barb 
(Capoeta damascina), respectively. Also, crucian carp 
(Carassius carassius) was caught that has no economic 
value. In terms of the total catch of fish species 
composition, silver carp and common carp with 35% and 
48% had the highest catch composition. Also in terms of 
comparable weight percent, silver carp with 52%, common 
carp with 38%, and bighead carp with 10% were three 
dominant carp species in Zayandehrud dam. Silver carp 
with 4 kg and common carp with 3 kg using the net with 
mesh size of 120 mm, Common carp with 1.5 to 2 kg 
weight using the net with mesh size of 80 mm and common 
carp with the lower weight of 500 gr using the net with 
mesh size of 70 mm were caught.  

Statistics of released carp in Zayandehrud dam over 10 
years showed that the rate of fish releasing due to the lack 
of credit have fallen by about a quarter in recent years (Iran 
Fisheries Organization 2014). The combination of released 
carps showed that common carp and silver carp have 
bigger portion than grass carp in the dam environment. 
According to the Department of Fisheries Isfahan (2014), 
376000 fish larvae were released in the water resources 
annually that 180000 fish larvae were belonged to 
Zayandehrud dam (Table 2). Although the number of 
fishing effort has increased and the amount of catch per 
unit effort (CPUE) was greatly reduced in recent years 
compared to previous years and fell by half.  

Due to the natural feeding at the entrance to the lake, 
most dispersal of fish particularly native fish were observed 
in shallow areas of the lake. According to annual statistics 
of Department of Fisheries Isfahan (2014), amounts of 
aquatic productions in inland waters sources were 815 tons 
in 2104 in Isfahan which most amounts were belonging to 
Zayandehrud dam with 500 tons (about 60%). Since carp 
fish species are not endemic in the lake, their larvae have 
been released by Fisheries Organization in the dam 
annually, which accordingly, common carp with (30%), 
grass carp with (5%), bighead with (5%) and silver carp 
with (60%) were released in Zayandehrud dam. But 
bighead carp due to lack of the fish larvae releasing has 
declined in recent years. 

According to biometry process of caught fish, data 
analysis was performed on the carp fishes, and in examines 
of length and weight relationship, fishes are following of 
isometric growth model that reflects the consistent growth 
in length and weight of fish which indicates the status of 
the river dam ecosystem is almost appropriate (Figure 2). 
In examining the relationship between lengths and age of 
breeding carp, annual fish length growth follows the  

 
Table 2. Release, effort and catch per unit effort statistics of fish 
in Zayandehrud dam, Isfahan, Iran 
 

Year 

Common 
carp 
 (Per 
thousand) 

Silver 
carp (Per 
thousand) 

Grass 
carp (Per 
thousand) 

Effort 

Catch 
per 
unit 
effort 

2005 100 25 125 200 3 
2006 90 20 110 220 2.86 
2007 90 20 110 250 2.6 
2008 156 30 190 250 2.46 
2009 70 20 100 320 2.13 
2010 95 20 110 350 1.86 
2011 28 5 25 324 1.85 
2012 35 15 100 317 1.58 
2013 32 7 39 317 1.58 
2014 24 6 30 317 1.58 

 
 

Table 1. The total number of caught fish in the sampling stations in Zayandehrud dam, Isfahan, Iran 
 

Season Total  Common carp Silver carp Big head carp Grass carp Crucian carp Mesopotamian 
barb  

Autumn 483 235 41 - - 0 207 
Winter 134 57 46 12 1 4 14 
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Table 3. Comparison of catch in gill nets with a height of 6 meters and 12 meters in 20 to 30 meters water depth in Zayandehrud dam, 
Isfahan, Iran 
 
Species Catch depth (m) Common carp Silver carp Big head carp Mesopotamian barb  Total (cm) 
Number  12 6 1 7 26 
Weight (g) 12-15 1800-2000 6500-9000 11200 4500 115000 
Height (cm)  45-52 70-75 97 35 - 
Number  16 50 3 8 77 
Weight (g) 5-10 10700 203850 5300 2980 319130 
Height (cm)  45-48 60-75 88-106 37 - 
 
 
 

 
Figure 2. Length-weight relationship of common carp in 
Zayandehrud dam, Isfahan, Iran 
 
 

 
 
Figure 3. Age-length relationship of common carp in 
Zayandehrud dam, Isfahan, Iran 

 
 

Table 4. Common carp growth conditions in behind of 
Zayandehrud dam, Isfahan, Iran 
 
Age 
(year) 

Average length 
(cm) 

Average weight 
(g ) 

Biomass 
(ton) 

1 30.5±5.2 473.8±17.51 12.41 
2 40.88±6.45 1359.7±47.48 72.01 
3 45±7.35 1565.7±65.7 10.99 
4 51±5.75 2362±106.3 15.16 
5 57.44±8.8 3202.5±160.12 3.31 
6 60.73±7.6 3767.4±184.82 5.92 
7 93±13.4 11000±495.62 6.16 
 
 

 
 

Table 5. Silver carp growth conditions in behind of Zayandehrud 
dam, Isfahan, Iran 
  
Age 
(year) 

Average length 
(cm) 

Average weight 
(g ) 

Biomass 
(ton) 

1 30.5±4.27 513.27±20.01 16.39 
2 39.92±6.78 1046.1±46.78 24.37 
3 65.43±14.39 3311.43±215.24 20.76 
4 78.1±16.46 5845±321.47 43.43 
5 96.25±18.4 12200±951.6 18.03

 
 
 
 
 

natural logarithm model. In other words, the growth rate is 
reduced from the third year that shows the maturity 
happens at this age in carps (Figure 3).  

In the study on some biometric and dynamics 
parameters of common carp, it was found that growth of 
fishes in the ecosystem is acceptable. Based on virtual 
population analysis (VPA), fishing mortalities at ages 3 and 
4 years were in higher amounts than the other ages that 
according to used mesh size, it would seem logical. 
According to the obtained data from Zayandehrud dam, the 
biomass of common carp from 1 to 7 years was variable 
between 6.16 to 12.14 tons, which most biomass was 
related to fishes with the age of 2 years, amounts of 72.01 
tons and an average weight of 1359.7 g (approximately 
60%). Also, the lowest biomass was observed at the age of 
5 years with amounts of 3.31 tons (2%) with an average 
weight of 3202.2 g (Table 4). Also abundance of common 
carp was variable at the age of 2 years with average weight 

of 1359.8 g in compared with silver carp at the ages of 3 to 
5 years and from the weight of 3311.4 to 12200 g which 
the highest abundance was obtained at the age of 4 years 
with the average weight of 5845 g (Table 5).  

In consider of some biometric and dynamic parameters 
of silver carp, it was found that such as common carp, the 
growth of silver carp is acceptable in Zayandehrud dam, 
because after four years, the fish has reached more than 5 
kg in the dam environment. Due to very low mortality 
values obtained from carps, data has also been used for 
silver carp (Table 5).   

In winter, due to low temperature and deactivation of 
feeding, carps live in winter dormancy period and have less 
mobility in the water body (Estoki 2000; Abdolmaleki 
2004). As a result, the catches declined and population 
estimates are lower than the catch rates in spring, summer 
and autumn that can be obtained. In winter, silver carp and 
common carp catch conditions are more favorable than 
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endemic fish in Zayandehrud dam environment. In the 
overall, with regard to natural mortality (M) of 0.1 and 0.2, 
amounts of harvestable biomass for endemic fishes and 
natural reproduction of breeding carps (about half forecast 
based on estimated annual released fish for carp) were 
about 407 and 440 tons in Zayandehrud dam (Table 6). 

Based on Schaefer and Fox models, these values were 
623 and 609 tons respectively. Highest amounts of 
Schaefer and Fox model estimation were due to higher 
fishing on released fishes in previous years which actually 
lead prediction to higher levels of harvesting (Table 7). 
However, due to the great reduction in the release of fish 
larvae in recent years, it seems that logical harvesting is 
between 440 to 500 tons. 

In the study of caught common carps in the autumn 
season, it was observed that the fishes were in the range of 
22-93 cm which highest length ranges of caught fishes  
 
Table 6. Estimates of harvestable quantities of fish in 
Zayandehrud dam, Isfahan, Iran, in 2015 
 

Fish 
Biomass 

 (Natural mortality 
= 0.2) 

Biomass 
(Natural 

mortality = 0.1) 
Common carp 126 139.2 
Silver carp 123 135.9 
Grass carp 35 35 
Endemic fishes 60 60 
Natural reproduction 63 69.6 
Total 
 

407 439.8 

 
 
 
Table 7. Estimates of harvestable quantities of fish based on 
Schaefer and Fox models in Zayandehrud dam, Isfahan, Iran 
 
Fish Schaefer (ton) Fox (ton) 

Amount of harvestable catch 622.9 608.6 

Fishing effort 
 

252.1 227.2 

 
 
 
Table 8. Catchweight range and caught species in Zayandehrud 
dam, Isfahan, Iran in study period 
 

Net 
mesh 
size 

Catch 
weight 
range (g )  

Caught species No 

Catch 
total 
weight 
(kg) 

40 200-400 Mesopotamian barb  195 64 
60 300-950 Common carp, 

Mesopotamian barb  
106 48.9 

70 950-1500 Common carp 90 101.66 
80 1500-3000 Common carp 43 81.4 
90 3000-4500 Common carp, Silver carp 38 156.49 
100 4500-8500 Common carp, Silver carp 8 40 
150 
 

8500-11000 Common carp, Silver carp 3 33 

 
 
Figure 4. Absolute abundance of silver carp in different length 
classes in Zayandehrud dam, Isfahan, Iran, in autumn 
 
 

 
 
Figure 5. Absolute abundance of silver carp in different length 
classes in Zayandehrud dam, Isfahan, Iran, in winter 
 
 

 
 
Figure 6. Absolute abundance of common carp in different length 
classes in Zayandehrud dam, Isfahan, Iran, in autumn 
 
 
 

 
 
Figure 7. Absolute abundance of common carp in different length 
classes in Zayandehrud dam, Isfahan, Iran, in winter 
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were in the range of 38-45 cm (Figure 4).While in winter, it 
was observed that fish were in the range of 26-60 cm and 
most frequencies of length classes were in the range of 46-
50 cm (Figure 5). Also according to caught silver carps in 
the autumn season, it was observed that the fishes were in 
the range of 56-86 cm which more of caught fishes were in 
the range of 76-80 cm (Figure 6). Moreover, in the winter 
season, it was observed that fish were in the range of 20-68 
cm and most frequencies of length classes were in the 
range of 48-54 cm (Figure 7). According to biological 
studies in Mahabad dam, the average length of caught 
common carp in total catch was 36.94 cm with a minimum 
length of 16 cm and a maximum of 67 cm (Abdolmaleki 
1999). Among non-native species, common carp biomass 
was highest that seems to be similar to the terms of 
Shadeganwetland in Khuzestan (Hashemi and Eskandari 
2009).  

In addition, in the study of caught mesopotamian barb, 
it was observed that caught fishes were in the range of 18-
35 cm which most abundance of mesopotamian barb 
belonged to the class of 20-21 cm. Mesopotamian barb 
condition in the lake is dependent on the natural 
reproduction and is not related to the releasing of fish 
larvae by Department of Fisheries Isfahan (2014). The 
exact amount of caught fish is not available in previous 
years. According to Abbasi et al. (2007) in Siah Darvishan 
River in Anzali, maturity age is 3 to 4 years for 
mesopotamian barb. Since the age of the caught fish was 
between 2-3 years, it seems that overfishing is done in the 
lake. Therefore, use of fishing nets with small mesh should 
be managed. According to the research that was carried out 
on Hanna Lake dam, mesopotamian barb (Capoeta 
damascina) as endemic species was dominant (Estoki 
2000). Also in Abodlmaleki study on fish composition in 
Maku dam, a mesopotamian barb with 95% of total fishes 
was dominant species (Abdolmaleki 2000). 

The results of this study showed that the combination of 
sampling, estimation of fishing and harvesting of some 
species are highly dependent on the releasing process of 
fish larvae in behind the dam. If the annual releasing 
decline, it will be a severe impact on the lake production, 
especially carp fish (silver carp, bighead carp and grass 
carp). But other fishes such as mesopotamian barb 
(endemic fish) and common carp (with natural 
reproduction in spring) are affected by fishing. Therefore, it 
is essential to manage fishing activities for the sustainable 
product in fishing seasons. Large lakes due to their size, in 
the absence of appropriate conservation and management, 
cannot be expected to have a favorable and stable 
advantage (Bernacsek 1984). In this context, 
comprehensive and systematic data collection on the 
fluctuations of fish stocks and fishing effort in 
Zayandehrud dam is very important.  
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Abstract. Hartati R, Widianingsih, Trianto A, Zainuri M, Ambariyanto. 2017. The abundance of prospective natural food for sea 
cucumber Holothuria atra at Karimunjawa Island waters, Jepara, Indonesia. Biodiversitas 18: 947-953. Holothuria atra, as one of the 
most abundant and widely distributed sea cucumber species, is an omnivore, consuming detritus, uneaten food, and algae in the 
substrate. For sea ranching purpose, the objective of present works was aimed to determine potential food availability for H. atra in 
Karimunjawa Island of Jepara. Biotic environment factors in proposed location were assessed including seaweed and seagrass associated 
communities, epiphytes on the seagrass, phyto and zooplankton, benthic organism, microphytobenthic as chlorophyll-a, phaeophytin and 
chloropigmen as well as sediment characteristics. There were six species seagrasses and 10 species of seaweeds found in Karimunjawa 
waters, with Enhalus acoroides and Thalassia hemprichii provide shelter and food for H. atra. Algal epiphytes use seagrass leaves and 
rhizome as substrate and there were 28 genera of them belong to Chrysophyta, Chlorophyta, and Cyanophyta. The variety and 
abundance of phytoplankton, zooplankton the benthos enrich the location. The chlorophyll-a, phaeophytin and total chloropigment in the 
sediment of Karimunjawa waters could be representative of microphytobenthos. The substrate of Karimunjawa waters consisted of fine 
sandy-coarse sediment and the content of organic matter may be important for feeding activity of H. atra.  

Keywords: Holothuria atra, Indonesia, Karimunjawa Island, natural food, sea cucumber, teripang keling  

INTRODUCTION  

Holothuria atra was commonly known as black sea 
cucumber, or locally named as Teripang Keling or 
Teripang Hitam is one of the most abundant and widely 
distributed sea cucumber species in most parts of the Indo-
Pacific region. They inhabit a wide range of depths and a 
broad variety of habitat ranging from rocky reefs to 
mudflats and commonly associated with seagrass beds. H. 
atra sometimes is naked and black but usually, covers itself 
with a coating of light coral sand held in place by tube feet. 
The integument is thick and firm. This species lacks 
cuvierian tubule and thus may be handled without the 
annoyance of adhesive threads.  

Holothuria atra prefers lives in coastal seagrass beds, 
soft and hard substrates of coral reefs as having been 
previously reported by Kinch et al. (2008); Dissanayake 
and Stefansson (2012); Setyastuti (2014) and Asha et al. 
(2015). Just like other sea cucumbers, H. atra is omnivore-
consuming detritus, uneaten food, and algae in the 
substrate. It ingests sand grains, digests the nutrient, and 
then expels sand pellets both in day and night time. 

Sea cucumber has high demand market and value 
because not only for culinary delicacy but  people  believe  

that sea cucumber has many purposes for human health 
such as traditional medicine and aphrodisiac (Ramon et al. 
2010). A study showed that sea cucumber has potential 
activity as anti HIV (Human Immunodeficiency Virus) due 
to its content of the CCR5 (Chemokine receptor 5) 
antagonist compounds (Hegde et al. 2002). However, the 
natural stock of the sea cucumber decreased year by year 
due to overfishing. One possible effort to overcome this 
problem is sea ranching. To date, none has been done in 
sea ranching of sea cucumber in Indonesia. Karimunjawa 
Island is known as a source of sea cucumber production 
(Pradina et al. 2010), one species of them is H. atra. 
According to Giraspy and Walsalam (2010), one of the 
keys to successful sea ranching is site selection. Along with 
three other locations (Teluk Awur, Bandengan, and Ujung 
Piring waters), Karimunjawa Island is proposed as sea 
ranching location for H. atra. Naturally, the abundance of 
sea cucumber is very strongly affected by the availability 
of natural food. As macrozoobenthic organisms or 
secondary or higher consumers, they may consume the 
sedimentary material derived from various decomposed 
autotrophic organisms (Wardiatno et al. 2015). The 
objective of the present research was to determine potential 
food availability for H. atra in its habitat.  
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MATERIALS AND METHODS  

Study area  
The research was conducted at H. atra habitat (Hartati 

et al. 2002; Pradina et al. 2010) i.e. Karimunjawa Island in 
Jepara Regency. The map is presented in Figure 1 and the 
position of each station is presented in Table 1. The 
determination of potential food for the sea cucumber was 
carried out in Marine Biology Laboratory, Department of 
Marine Sciences, Faculty of Fisheries and Marine Science, 
Universitas Diponegoro, Semarang, Central Java, 
Indonesia.  

The prospective habitat and natural food in research 
location were assessed including seaweed and seagrass 
associated communities, epiphytes on the seagrass, 
phytoplankton, and zooplankton, benthic organisms, 
microphytobenthos as chlorophyll-a, phaeophytin and 
chloropigmen. Five transect lines and three quadrate 
transects were established at the site running perpendicular 
to the shore and ending at approximately 500 meters deep 
edge of the bed. The edge of the bed was defined as the 

furthest growing sea grass from shore. The quadrate 
consisted of 1-m2 of PVC-pipe separated into 100 squares. 
If any seagrass was found in a square, then it was identified 
and counted for their shoot. Percent cover for each species 
was calculated from the shoot density according to English 
et al. (1994). The number colony of macroalgae found in 
each quadrate was also recorded. A sample of each species 
was saved for later identification in the lab. Ten or more 
leaves of seagrass were selected at random; the epiphytes 
were carefully scraped from these blades, identified and 
counted.    

 
Tabel 1. Geographical position of sampling stations and sub-
stations at Karimunjawa waters, Jepara, Central Java, Indonesia  
 
Station  South East 
L1 
L2 
L3 
L4 
L5 

5° 53' 19.19"  
5° 53' 14.15" 
5° 53' 10.48" 
5° 53'   6.67" 
5° 53'   2.73" 

110° 26' 46.17" 
110° 26' 41.95" 
110° 26' 36.29" 
110° 26' 30.80" 
110° 26' 25.45" 

 
 
 
 
 
 
 

   
 
Figure 1. Map of sampling stations of Karimunjawa waters, Jepara, Central Java, Indonesia  
 
 

KARIMUNJAWA ISLANDS  STUDY SITE

Scale 1: 100,000 
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Plankton was collected from the surface waters (0.5-1 
m depth) using a plankton net with a 37-μm mesh (for 
phytoplankton) or 300 μm (for zooplankton) and a 20cm 
opening. The net was pulled behind a boat at the end of a 
10-m-long nylon rope for 10 minutes. The distance covered 
was about 500 m and the volume of seawater filtered for 
each plankton haul was 350 m3. After each haul, the sample 
was taken to the laboratory after preserving with 4% 
buffered formalin. Plankton cell identification and counting 
were done using a Sedgwick rafter counting cell under a 
light microscope. Macroinvertebrate as benthic organism 
communities was sampled at each of the five stations using 
core sampler. The samples were separated from the 
sediment using sieves (500 μm). All the animals collected 
were immediately fixed in formaldehyde (4%) in the field 
and then transferred to 70% ethyl alcohol. The 
macroinvertebrates were sorted, identified to the lowest 
possible taxon (species, genus or families) and counted 
under a stereomicroscope. 

Seawater and sediment samples were taken to measure 
chlorophyll a and total chloropigments to determine the 
phytobenthic biomass. Sediment was taken from the 
surface (up to 3 cm depth) and in the laboratory, they were 
dried in an oven at 60°C for 72 h. Total Organic Matter 
(TOM) analysis was done using the ‘ash method' (Slater 
and Carton 2009). For each sample, 12 g were taken and 
burned at 450°C for five h in a combustion chamber. 
Samples were then cooled in a desiccator and the final 
weight was recorded. TOM content was then calculated as 
a loss on ignition. The chlorophyll was extracted with a 

standard ethanol extractions and pre- and post-acidification 
measurements (Lorenzen 1967). A Perkin-Elmer Lambda 
3BUV/VIS spectrophotometer with a 1 nm spectral 
bandwidth and optically matched 4 cm micro-cuvettes are 
used in the present work. Total chloropigments was 
calculated as the sum of chlorophyll a and phaeophytin. 
Abiotic environmental factors, such as total organic matter 
and grain size of sediment were analyzed (Robert 1979).  

RESULTS AND DISCUSSION 

Results 
There were six species of seagrasses found in 

Karimunjawa Waters (Table 2), i.e. Enhalus acoroides, 
Thalassia hemprichii, Halophila ovata, Halodule pinifolia, 
Cymodocea rotundata, and C. Serrulata. Seaweed was also 
found in the same location of the seagrasses. Average 
density of seagrass was 12.0-19.6 shoot.m-2 and coverage 
of 12.3-29.4 shoot.m-2 (Tabel 2). T. hemprichii and E. 
acoroides coverage were high (42.2 and 30.8 % cover). 
While there were 10 species of seaweed in Karimunjawa 
waters i.e. Padina australis, Halimeda opuntia, H. 
macroloba, Halimeda sp., Turbinaria decurrens, Caulerpa 
racemosa, Dyctiota sp., Udotea argentea, U. flabellum and 
Sargassum cristaefolium, with an average density of 0.2-
4.6 colony.m-2. The two highest species abundances were 
P. australis (5 colony.m-2in line 1) and H. macroloba (2.4 
colony.m-2 in line 1).  

 
 
 
Table 2. Seagrass and seaweed-associated composition, shoot or colony density abundance (A = shoot.m-2 or colony.m-2) and coverage 
(B=%/m2) in Karimunjawa waters, Jepara, Central Java, Indonesia 
 

Species  
Station 

L1 L2 L3 L4 L5 
A B A B A B A B A B 

 
Seagrass           
Enhalus acoroides 32 26.6 27.2 30.8 29.6 13.8  3.2 12.4 8 19.9 
Thalassia hemprichii 17.6 42.2 20 29.1 35.2 14.1 30.4 15.4 45.6 24.0 
Halophila ovata  8.8 19.5  1.6  9.4 10.4 20.1  7.2 40.6  0.8  3.1 
Halodule pinifolia    8 19.5  3.2  9.4     
Cymodocea rotundata    3.2 37.5       
Cymodocea serrulata       4.2     
Average 19.5 29.4 12.0 25.3 19.6 12.3 13.6 22.8 18.1 15.7 
            
 
Seaweed            

Padina australis 1.2  4  5  4.6  4.4  
Halimeda opuntia 2  1.2  0.4  0.6  0.8  
Halimeda macroloba 2.4  1.8  0.6  0.8  0.4  
Halimeda sp.   0.2    0.4    
Turbinaria decurrens   0.4        
Caulerpa racemosa     0.4    0.2  
Dyctiota sp.       0.6    
Udotea argentea 0.8          
Udotea flabellum 0.6    0.4      
Sargassum cristaefolium         0.2  
Total colony.m-2 7.0  8.8  6.8  7.0  6.0  
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In this study, many kinds of algae were also found in 
seagrass beds. Algal epiphytes use seagrass leaves and 
rhizome as substrate. The species composition of epiphyte 
is presented in Tabel 3. There were 27 genera belong to 
Division of Chrysophyta, Chlorophyta, and Cyanophyta. 
Generally, the genera of Chrysophyta were more abundant 
than other Division. In all research location, the epiphytes 
density (cell.cm-2) and a number of genera (n) were high in 
seagrass of E. acoroides, due to their larger leaves.  

There were 26 genera of phytoplankton and 10 genera 
of zooplankton found in the research locations (Table 4). 
The diversity and evenness of phyto and zooplankton were 
high, and there are no dominance genera (Tabel 5).  

The number of genera and abundance of benthic 
community varies with stations. The number of genera and 
average abundance of macrozoobenthos found in 
Karimunjawa waters was 22-25 genera and 584-4.416 
indv.m-2, respectively consisted of polychaeta (70%), 
crustaceans (23%) and bivalves (7%). The community 
structure of macrozoobenthos revealed that the diversity 
and evenness were high, i.e. 3.79 and 0.85 respectively. 
This indicated a balance in macrozoobenthos communities 
in the locations.  

The concentration of chlorophyll a and phaeophytin in 
the seawater and sediment of every sampling station of 
Karimunjawa were shown in Table 6. The highest  

chlorophyll a and phaeophytin of sea water occurred in 
stations L3 and L1. The highest chlorophyll a and 
phaeophytin of sediment were found in stations L4 and L1.  
 
Table 4. The average abundance of phytoplankton (cell.L-1) and 
zooplankton (indv.L-1) number of genera (n) found at 
Karimunjawa waters, Jepara, Central Java, Indonesia 
 

Phytoplankton 
Density cell.L-1   
(number of 
genera) 

Zooplankton 

Abundance, 
indv.L-1  
(number of 
genera) 

Chromophyta 730.000 (27) Average 
abundance 

2.320 

Cyanophyta 14.000 (1) Number of 
genera 

10 

Total  744.000 (28)   
 
 
 
Table 5. Community structure indices of phytoplankton and 
zooplankton in Karimunjawa waters, Jepara, Central Java, 
Indonesia 
 

Plankton Community structure indices 
Diversity Evenness  Dominance 

Phytoplankton 3.22 1.01 0.01 
Zooplankton 3.59 0.97 0.02 

 
 
Table 3. Average epiphytes density (cell.cm-2) and number of genera (n) in seagrass blades in Karimunjawa waters, Jepara, Indonesia 
 

Seagrass species  Chrysophyta Chlorophyta Cyanophyta  Total Density 
(No. of genera) 

Enhalus acoroides 2.226 (20) 182 (2) 725 (4) 3.133 (27) 
Halophila ovata 732 (17) 62 (1) 521 (4) 1.315 (22) 
Thalassia hemprichii   800 (12)  46 (1) 704 (4) 1.244 (18) 
Halodule pinifolia   649 (7)  43 (1) 704 (4) 1.396 (12) 
Cymodocea rotundata   727 (12)  50 (1) 541 (4) 1.318 (17) 
Cymodocea serrulata  725 (10)  46 (1) 548 (4) 1.319 (16) 

 
 

Table 6. The concentration of chlorophyll-a, Phaeophytin and Total chloropigment in the seawater (ug.L-1) and sediment (µg.g-1) of 
each sampling station of Karimunjawa waters, Jepara, Indonesia 
 

Station 
Seawater Sediment 

Chlorophyll-a 
(ug.L-1) 

Phaeophytin 
(ug.L-1) 

Total chloropigment 
(ug.L-1) 

Chlorophyll-a 
(µg.g-1) 

Phaeophytin 
(µg.g-1) 

Total chloropigment 
(µg.g-1) 

L1 0.000168 0.061700 0.061868 0.003200 0.115080 0.11828 
L2 0.000161 0.048300 0.048461 0.001960 0.092920 0.09488 
L3 0.000178 0.050997 0.051175 0.002670 0.087580 0.09025 
L4 0.000172 0.057940 0.058112 0.007120 0.080630 0.08775 
L5 0.000170 0.056340 0.05651 0.004810 0.110810 0.11562 
Note: The bottoms substrate of Karimunjawa waters was fine sandy-coarse substrate type, which have higher organic matter content (see Table 7).  
 
 
Table 7. The sediment character of Karimunjawa waters, Jepara, Indonesia 
 

Station Percentage (%) Total organic matter (%) Gravel Coarse sand Fine sand Silt Clay 
L1 12.57 43.20 40.30 3.93 0.00 2.21 
L2 10.35 43.21 42.56 4.05 0.00 2.72 
L3 10.92 43.78 41.78 3.85 0.00 2.68 
L4 19.03 41.27 36.62 3.08 0.00 6.03 
L5 10,98 46.60 35.93 4.20 0.00 3.28 
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Discussion 

There were 6 species seagrasses and 10 species of 
seaweed found in Karimunjawa waters, E. acoroides and T. 
hemprichii may provide shelter and food for H. atra. 
Seagrass serves as diverse habitat for many marine species 
including fish and many invertebrates, such as sea 
cucumber (Tuapattinaja et al. 2014). The seagrass beds area 
did not only serve as primary and secondary production in 
the coastal ecosystems, they also provide as nursery areas 
for many fish and invertebrate species. Because it provides 
protection as well as a source of nutrient that helps to 
sustain many complex food chains (Rasheed et al. 2006). 
According to Dissanayake and Stefansson (2012) the 
highest density of H. atra in the northwest coast of Sri 
Lanka was reported in the seagrass habitat followed by the 
sandy habitat with rocks/corals, rocky habitat with 
algae/seagrass. Dense aggregation of H. atra in the shallow 
water seagrass area in Bama beach, Baluran National Park 
was also observed by Setyastuti (2014). H. atra were found 
mostly in association with seagrass E. acoroides, C. 
rotundata, or a mix of both species and small number 
exposed to the bare sandy substrate with no association. 
The observed affinity of H. atra with seagrass may be 
related to the sheltering effect of the seagrass canopy and 
nutritional factor in the bottom of seagrass. Based on 
Komatsu et al. (2004), the seagrass will trap more nutrient 
in the baseline and bring benefit to the benthic community 
including H. atra.  

Algal epiphytes use seagrass leaves and rhizome as 
substrate and there were 28 genera of them belong to 
Division of Chrysophyta, Chlorophyta and Cyanophyta in 
Karimunjawa waters. The variety and abundance of 
phytoplankton, zooplankton the benthos enrich the 
location. The chlorophyll-a, phaeophytin and total chloro-
pigment in sea water and sediment of Karimunjawa could 
be representative of microalgae and microphytobenthos. 
Variability in the food supply is a major controlling factor 
in the population dynamics of benthic animals, in 
particular, holothurians. Deposit feeders are among the 
most important consumers of detritus on the ocean floor. 
According to Dar and Ahmad (2006) H. atra consumed 
large amounts of benthic sediments, they also absorbed 
particulate materials from the water column and swept the 
organic biofilm off the top 5 mm of sediment.   

The average density of phytoplankton in the area was 
744.000 cell.L-1 and consisted of 28 genera. Although 
phytoplankton does not have a direct use for deposit feeder 
such as H. atra, they play very important role in the 
feeding of holothurian planktonic larva (Hartati et al. 
2017). The benthic community of study site consisted of 
polychaete worms (70%), pelecypods (7%), and 
crustaceans (23%). Polychaetes are an important 
component of the macrobenthic community as they often 
dominate in term of abundance, biomass, and species or 
taxa. They play an important role in the stability and 
functioning of the benthic community and the ecological in 
general (Wardiatno et al. 2017). Deposit-feeding sea 
cucumbers process large volumes of benthic sediments, 
from which they assimilate bacterial, fungal and detrital 

organic matter (Kitano et al. 2003; Slater et al. 2011; 
Navarro et al. 2013; Yokoyama 2013). Holothurians feed 
on various organic detritus, and benthic organisms such as 
bacteria, cyanophycean, and foraminiferans (Wiedemeyer 
1992), as sources of dietary lipids, particularly fatty acids. 
Mfilinge and Tsuchiya (2016) showed that H. atra selected 
algal (bacteria, diatoms, dinoflagellate and green 
macroalgae) and detrital particles coated with bacteria for 
food. Since the algal and detrital particle found in present 
work H. atra might select both.  

Estimating the concentration of chlorophyll-a is the 
most common method for assessing algal biomass. The 
concentration of chlorophyll-a has also been shown to 
relate to primary productivity and can be used to assess the 
physiological health of algae by examining its degradation 
product, phaeophytin. Chlorophyll-a concentration in sea 
water of Karimunjawa in the ranged from 0.000161-
0.000178 ug.L-1 but the concentration of phaeophytin and 
total chloropigments were from 0.048300-0.000 to 
0.048300-0.0761 ug/L respectively. Chlorophyll-a in 
sediment could be representative of microphytobenthos, i.e. 
benthic microalgae which are important and resilient 
ecosystem modifiers and are also important in coastal food 
webs because of their high accessibility to consumers, such 
as sea cucumber. The chlorophyll-a, phaeophytin and total 
chloropigment in the sediment of Karimunjawa waters was 
0.001960-0.007120; 0.188770-0.007120, and 0.08775-
0.118828 µg.g-1 respectively. It may be due to the high 
abundance of microphytobenthic organisms. Singh et al. 
(1999) stated the importance of chloropigment 
concentration in the feeding activity of sea cucumbers. In 
his experiment, Uticke (1999) also found that H. atra 
significantly reduced the chlorophyll contents of the 
sediment which was dominated either by diatoms or by 
cyanobacteria. In present work, the diatom was the most 
abundance.  

The sediment character and total organic matter of the 
sediment are presented in Table 7. The bottom substrate of 
Karimunjawa waters was fine sandy-coarse substrate type. 
Sediment characteristics (i.e., grain size and organic 
content), biotic relationships and habitat variable such as 
shelter availability influences the aggregation and 
distribution of sea cucumber (Conand 1989; Dissanayake 
and Stefansson 2012; Eriksson et al. 2012). The feeding 
selectivity of H. atra between the coarse sediments and the 
fine sediments depend on their biogenic needs and food 
availability (Dar and Ahmad 2006). It was found varied 
size of H. atra in Karimunjawas waters, and they might 
prefer various sediment particles. The organic matter of 
sediment was in the range of 4.21-6.03%. According to 
Moriarty (1982) the detritus (non-living matter) constituted 
60-80% of the organic matter in the sediment and thus the 
food of H. atra. As in Aspidochirote holothuroids, H. atra 
are prominent benthic representatives in many littoral 
ecosystems (Harrold and Pearse 1987; Birkeland 1988), 
and ingest superficial sediment and feed on non-living 
detritus and associated microorganisms (Massin and 
Jangoux 1976; Moriarty 1982; Birkeland 1988; Namukose 
et al. 2016). Due to their feeding activity, holothuroids 
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must have strong effects on the environment: they are 
active sediment reworkers that alter the bottom stability 
(Massin 1982), promote the return of nutritive elements to 
the water column (Rhoads and Young 1971) and enhance 
the production of sediment-associated bacteria (Amon and 
Herdel 1991; Namukose et al. 2016), in turn will be useful 
for their food. 
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Abstract. Indrayani Y, Takematsu Y, Yoshimura T. 2017. Diversity and distribution of termites in buildings in Pontianak, West 
Kalimantan, Indonesia. Biodiversitas 18: 954-957. This study aimed to map the distribution of termites in buildings in Pontianak, West 
Kalimantan, Indonesia. Forty-four infested buildings in Pontianak were chosen randomly as samples. Out of the buildings inspected, 10 
buildings were aged less than 15 years, 13 buildings 16-30 years, 17 buildings for over 31 years, and 4 buildings were of unknown age. 
The altitude of the survey area was from 0.1 to 1.5 m above sea level. Soil types were clay, alluvial, humus, and organosol. The average 
temperature, average relative humidity, and annual precipitation at the survey site were 27.3°C, 84% and 340.6 mm, respectively. By direct 
observations, ten termite species were found: Coptotermes curvignathus, Coptotermes kalshoveni, Cryptotermes sp.1, 
Cryptotermes sp.2, Cryptotermes domesticus, Cryptotermes cynocephalus, Nasutitermes havilandi, Schedorhinotermes 
medioobscurus, Microcerotermes havilandi, and Globitermes globosus. N. havilandi was the most common species found in 26 
buildings, followed by Cryptotermes sp.1. (9 buildings), C. domesticus (8 buildings) and C. curvignathus (8 buildings). 

Keywords: Infestation in buildings, termite mapping, termite species diversity, West Kalimantan 

INTRODUCTION  

Wooden building construction is still dominant in many 
parts of the world. Although wood is considered an 
environmentally acceptable material, it is easily attacked by 
pest insects such as termites. About 3,106 species of 
termites have been identified, and there are still a hundred 
more that have not been identified (Eggleton 1999). 
Seventy to eighty termite species are listed as structural 
pests that cause damage to buildings, of which 50 are 
classified as serious pests that require management (Pearce 
1997). The total annual economic losses caused by termite 
infestation on buildings and termite prevention worldwide 
were estimated in 2012 at 40 billion USD (Ghaly and 
Edwards 2011). Due to significant economic losses caused 
by termite attacks, the spreading of termites in urban areas 
is crucial for achieving a long service life of wooden houses.  

Climatic and soil conditions in Indonesia strongly 
support termite life. Pontianak is the capital of West 
Kalimantan Province, with an annual average temperature 
of 30°C, average humidity of 76.29%, and average 
minimum and maximum solar radiation of 53% and 73%, 
respectively (BPS 2016). Such climatic conditions are 
favorable for termites, and the diversity, as well as an 
abundance of termites in this habitat, can cause serious 
damage to buildings. Half of the 26 economically 
damaging termite species in the world are subterranean 
termites (Evans 2011), and seven of them are Coptotermes 
species. The two most widespread species worldwide are 
Coptotermes formosanus are found mostly in temperate 

regions such as China, Japan, Taiwan and the United State 
(Chouvenc et al. 2015), and C. gestroi, distributed in 
tropical and subtropical regions in 24 countries (Li et al. 
2013). Six termite species, Coptotermes curvignathus, 
Microtermes insperatus, Macrotermes gilvus, Capritermes 
mohri, Odontotermes javanicus, and Schedorhinotermes, 
have been found cumulatively in ten cities in Indonesia 
such as Semarang, Banda Aceh, Sabang, Pandeglang, 
Serang, South Jakarta, West Jakarta, East Jakarta, West 
Tangerang, and Bogor (Nandika 2015). However, data 
about the distribution of termites in an urban area in 
Kalimantan have not yet been reported. The current study 
was initiated to map the distribution of termites in 
buildings in Pontianak, West Kalimantan, Indonesia. The 
data on termite diversity will be a crucial part of providing 
basic information on termite management. 

MATERIALS AND METHODS  

Study area  
This study`s termite survey focused on Pontianak, West 

Kalimantan, Indonesia (Figure 1). Pontianak has an area of 
107.82 km2, and is crossed by the equator line with the 
geographical location of 0°02' North Latitude-0°05' South 
Latitude and 109°16'-92°3' East Longitude. The altitude of 
the survey area was from 0.1 to 1.5 m above sea level 
(asl.), and types of soils are clay, alluvial, humus, and 
organosol. The average relative humidity of Pontianak was 
reported as maximum 99.6% and minimum 53% with 
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annual precipitation of 340.6 mm, and an average solar 
radiation of 53%-73% (BPS 2016). 

Survey methods 
Forty-four buildings located in Pontianak, West 

Kalimantan, Indonesia were surveyed. All the buildings 
surveyed were a mixture of wood and reinforced concrete. 
The interior of each building and the surrounding area were 
examined for the presence of termites and termite related 
damages. Termite infestation assessments took note of 
damaged wooden structures such as windows, door frames, 
wooden walls and wooden furniture. Wooden fences and in 
outdoor courtyards were also inspected for the presences of 
termites. Termites found from the survey were stored in 
glass vials containing 90% ethanol and served for species 
identification.  

Data analysis 
Since this study was not a replicated experiment, only 

descriptive statistics such as means and percentages were 
used.  

RESULTS AND DISCUSSION 

Termite infestation in buildings  
Out of 44 buildings inspected, 10 buildings (22.7%) 

were aged less than 15 years, 13 buildings (29.5%) were 
aged between 16-30 years, 17 buildings (38.6%) were aged 
over 31 years, and 4 buildings (9.1%) were of unknown 
age. A previous observation of the intensity of termite 
attacks in Pontianak reported that the buildings most 
frequently attacked by termites were over 31 years, and 
buildings aged less than 15 years were less infested by 
termites than those aged 16-30 years (Indrayani et al. 
2014). This finding is supported by Jones (2004), who 
found the highest termite infestation rates in the oldest 
buildings (Jones 2004). Debelo and Degaga (2014) also 
demonstrated that houses over 7 years after construction 
were more frequently infested by termites than new houses. 
Compared with temperate and subtropical areas, tropical 
areas are more susceptible to termite damage since the 
diversity of termites in those areas is high (Kirton 2005).  

 
 
 
 
 

 
 

 
 

 

 

 
Figure 1. Termite species in buildings in Pontianak, West Kalimantan, Indonesia 

sp.1 
sp.2 



 B IODIVERSITAS 18 (3): 954-957, July 2017 

 

956

 
Table 1. Termite species found in buildings in Pontianak, West 
Kalimantan, Indonesia 
 

Termite species 
Number of 
buildings 

Nasutitermes havilandi 26 
Cryptotermes sp.1  9 
Cryptotermes domesticus  8 
Coptotermes curvignathus  8 
Cryptotermes cynocephalus 4 
Schedorhinotermes medioobscurus 4 
Cryptotermes sp.2  2 
Coptotermes kalshoveni 1 
Globitermes globosus 1 
Microcerotermes havilandi 1 
Note: Data collected from 44 buildings 
 

 
The survey shows that the infestation rate of each of six 

districts varied from 9.1% to 22.7%. The highest termite 
infestation rate was found in Pontianak (22.7%) followed 
by the districts of West Pontianak (20.45%), South and 
North Pontianak (18.2%), East Pontianak (11.4%), and 
Southeast Pontianak (9.1%). The typical tropical termite 
species diversity was enhanced by the survey area only 
being 0.1 to 1.5 m asl., termites are generally very fond of 
damp areas. This finding is compatible with Syaukani 
(2013), who found the termite’s species richness and 
distribution in areas only a few meters above sea level, and 
is supported by Gathorne-Hardy et al. (2000), who found 
that the diversity of species of termites in Sumatra was 
greatest, below altitudes of 100 m.  

Diversity f of termite species in buildings 
A total of ten termites species were detected 

through the survey. The species were Nasutitermes 
havilandi, Cryptotermes sp.1, Cryptotermes sp.2, 
Cryptotermes cynocephalus, Cryptotermes domesticus, 
Coptotermes curvignathus, Coptotermes kalshoveni, 
Schedorhinotermes medioobscurus, Globitermes 
globosus and Microcerotermes havilandi. 

Nasutitermes havilandi was the most common species 
found in the 26 buildings, followed by Cryptotermes 
sp.1 (9 buildings), C. domesticus (8 buildings) and 
Coptotermes curvignathus (8 buildings) (Table 1). 

As shown in Figure 1, there was a particular 
distribution pattern for each species. Nasutitermes 
havilandi (blue circles), C. domesticus (yellow circles) 
and C. cynocephalus (black circles) were found 
throughout the city at the greatest abundances.  

Nasutitermes is a genus of family Termitidae, and N. 
havilandi was the most frequently encountered species in 
this study (Table 1, Figure 1). In their survey of West 
Sumatra, Indonesia, Handru et al. (2016) also found that 
Nasutitermes was the most common genus. This species 
was collected from many habitats such as at ground level, 
trees and buildings of the survey sites. This species feeds 
on a variety of materials such as trees, roots, wood, and 
furniture. Adams and Levings (1987) found that the 

foraging territory of N. corniger as extended (as far as 5000 
m) from their nest. Furthermore, Thorne and Haverty 
(2000) found many species from the genus Nasutitermes 
nesting on tree trunks or building galleries from one nest to 
other parts of the tree, or on the underside of branches to 
connect the nest with food sources. 

Cryptotermes is a genus of family Kalotermitidae. They 
have pellets as their excrement which accumulating under 
the infested wood. Cryptotermes species were found to be 
widely distributed throughout Pontianak. The dominant 
species were C. cynocephalus, spread evenly throughout 
Pontianak, and C. domesticus found only in the northern 
part. Two other Cryptotermes species, Cryptotermes sp.1 
and Cryptotermes sp.2 (Table 1), again only presence only 
in the northern part of the City (Figure 1). The 
Cryptotermes species were collected from infested 
furniture and rarely found from structural timbers. It might 
be explained that Cryptotermes species prefer dried wood. 
The infestation pattern of this genus is completely different 
from the other Kalotermitidae members, such as 
Incisitermes, which attacks structural timbers rather than 
furniture (Indrayani et al. 2004, 2005). 

Coptotermes is a genus of family Rhinotermitidae. Two 
species, C. curvignathus and C. kalshoveni were found in 
this study. The distribution intensity of genus 
Coptotermes in this survey was moderate, perhaps 
because the survey area was located in the lowlands, 
between 0.1-1.5 m asl. The Coptotermes species were 
found either in the yard of the building or inside the 
building in this survey. This is supported by Gentz et al. 
(2008), who stated that the workers of the genus 
Coptotermes forage underground and move to rooftops 
through covered tunnels built along the vertical surfaces of 
materials. Coptotermes seems to be potentially harmful 
species not only in buildings but also in trees. 

Schedorhinotermes is a genus of Rhinotermitidae, and 
S. medioobscurus was found in this survey. These species 
mainly attack dead trees and tree stumps. None of the 
living trees was attacked by S. medioobscurus. These 
results are similar to those described by Cheng et al. 
(2008), who found that Schedorhinotermes species only 
attacked dead trees and other dead plants in an oil palm 
plantation. This finding is also supported by Faszly et al. 
(2005), who said that Schedorhinotermes is a species 
categorized as low-level termite, and classified the genus 
into group I, which feeds on dead plant materials. 

Microcerotermes is a genus of family Termitidae. One 
species, Microcerotermes havilandi was found in 
Pontianak, only in one location in the northern area (Figure 
1). Species in Microcerotermes have small soldiers similar 
in size to their workers. Active mounds of 
Microcerotermes were present in the fields of the survey 
area. Microcerotermes species construct small mounds and 
consume dead plant materials. There was no evidence of 
Microcerotermes infestation inside the building surveyed.  

Globitermes is a genus of family Termitidae. This genus 
includes three species, G. brachycerastes, G. globosus, and 
G. sulphureus. In the present study, Globitermes globosus 
was found around buildings. Globitermes globosus does 
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not build mounds of soil but nests on the ground. This 
species was found in only one survey site in Pontianak 
(Figure 1). Ngee and Lee (2001) and Abdul Hafiz and Abu 
Hassan (2005) also reported that Globitermes sulphurous 
attack building structures in Peninsular Malaysia. 
Furthermore, Abdul Hafiz and Abu Hassan (2009) stated 
that the infestation of G. globosus occurred around the 
window frame, under the carpet, wooden wall and wooden 
pillars.  

The present observations revealed that the termite 
infestation risk is higher in western and southern parts of 
Pontianak. The number of termite species found in urban 
areas in Kalimantan is comparable to those Semarang, 
Banda Aceh, Sabang, Pandeglang, Serang, South Jakarta, 
West Jakarta, East Jakarta, West Tangerang, and Bogor 
(Nandika 2015). One not-yet-known species of the genus 
Cryptotermes was found. This paper is expected to provide 
basic data on termites in Kalimantan to establish more 
effective management strategies. 
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Abstract. Salahi T, Pourbabaei H, Salahi M, Karamzadeh S. 2017. An investigation on plant species composition and diversity in the 
coniferous and broadleaved plantations: Case study of Bibi Yanlu Forest Park, Astara, Iran. Biodiversitas 18: 958-963. The aim of this 
study was to investigate vegetation composition in hardwood and coniferous plantations in 220 ha of Loblolly pine (Pinus taeda L.), 
Caucasian alder (Alnus subcordata C.A.Mey) and poplar (Populus deltoids) and its comparison with natural forests in Bibi Yanlu 
protected forest park in Astara, north of Guilan Province, Iran. Totally, 60 sampling plots of 1000 m2 by systematic-random method 
using 150 × 150 m grid in plantation and 200 × 200 m in the natural forest were established. To study the biodiversity, Shannon-Wiener, 
Simpson's diversity indices, Hill evenness and richness indices were utilized. The results of this research showed that there is a 
significant difference for diversity and richness indices between natural forest and plantations. Diversity and richness indices in the 
natural forest were higher than Loblolly pine, poplar and alder plantations. The Hill evenness index between natural forest and 
plantations did not indicate significant differences. In terms of herbaceous and woody species similarity, alder plantation was closer to 
natural forest, and pine plantation had the least similarity with the natural forest. 

Keywords: Vegetation composition, plant diversity, coniferous and broad-leaved plantations, Astara 

INTRODUCTIONS 

As one of the renewable resources, forests are the base 
for sustainable development and the dynamic, evolution 
and changes of the sources led to the further effort of a 
human for the understanding environment and its structure 
(Basiri 2003). As a result of the destruction of forests and 
reduction of its area, the extinction of plant and animal 
species, and finally the reduction of biodiversity in the 
world would be arising. In an ecosystem, the more the 
diversity of a species the longer the food chains, and 
consequently the environment become more stable and its 
self-regulation properties get greater (Vatani 2004). The 
degradation and reduction of forests indicate the necessity 
of a forestation for restoring and developing renewable 
natural resources. Plantation forests due to their specific 
characteristics, can affect the diversity of the understory 
plant species, and cause the elimination or the presence of 
some species (Ahmadi Malakut et al. 2011). The area of 
coniferous plantation forests in the north of Iran has been 
estimated at 40,000 ha by 2000 (Asadollahi 2000).  

Forests in the north of the country are one of the most 
important world's genetic resources. Given the destruction 
of forests in the north and reduction in their area, it is 
required to afforest for restoring the degraded forests, as 
well as providing the wood need of the country. Having 
these objectives achieved, therefore, it is necessary to 
precisely select the kind of species (Pourrahmati 2005). 

Potentially, a forestation with native and non-native species 
to promote the under storey regeneration and enhance 
biodiversity has been recommended (Mojarrabi et al. 
2011). On the other hand, according to the Rio Earth 
Conference (1992), to maintain and even improve 
biodiversity is the main indicator for determining the 
stability of forests (UN 2010). Thus selection of the native 
tree species with desirable growth rate and lowest 
inconsistency with plant and soil conditions should be 
considered (Ahmadi Malakut et al. 2011). Increased 
demand for natural resources such as wood products, 
creating green space and expanding forest coverage 
underline the necessity of a forestation more than before. 
Therefore, today afforestation is an integral part of forestry 
science (Rostami and Pourbabaei 2007). 

The importance of afforestation for modifying climate, 
increasing precipitation, preventing soil erosion, creating 
an industrial wood product and decreasing air pollution is a 
widely known fact. (Mosaddegh 2009). The aim of this 
study was to examine and compare the composition and 
diversity of plant species of the forest floor in three 
plantation sites of Loblolly pine (Pinus taeda), Caucasian 
Alder (Alnus subcordata) and Poplar (P. deltoids), and 
their comparison with a natural forest. The results can be 
utilized in planning plantation projects in the north of Iran, 
as well as the selection of suitable species for plantation 
projects. 
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MATERIALS AND METHODS 

Study area 
Bibi Yanlu Forest Park is a part of Astara Chay 

Forestry plan, District No.1 forests (Figure 1). The total 
area of Bibi Yanlu Forest Park is 1512 ha of which 320 ha 
has been planted. The afforestation areas that were 
considered for the study were Loblolly pine (Pinus taeda), 
Alder (Alnus subcordata), Poplar (Populus deltoids) 
plantations, and a natural forest. The area is located in the 
west of the Guilan Province and the south of the border city 
of the Astara Port, and 200 km from the center of the 
province. The park is situated within geographical 
coordinates between longitude 48˚ 42' 28" and 48˚ 49' 30" 
E and latitude 38˚ 24' 00" to 38˚ 02' 30" N. The climate is 
very humid based on Emberger climogram, and hot and 
humid summers with moderate winters, as well as 
Emberger coefficient equal to 171.4. From the 
characteristics of this type of climate is the fluctuation of 
minimum temperature between 0 to 5ºC and sometimes in 
the winter, it is seen frost and snows. Furthermore, based 
on the Embrothermic curve there is no dry period and it is 
humid at the whole seasons. The average annual 
temperature of the station is 15ºC, the minimum 

temperature is 1.9 °C in January, and the maximum 
temperature rarely exceeds 30 °C, which coincides with the 
month of July. The average frost days are 11 days, 
occurring most of them in months of January and February. 
The average monthly precipitation is 137.6 mm, the highest 
precipitation in September and October, and the lowest in 
August occurs. The average relative humidity of the 
investigated station is 82% (FRWO 2008). 

The type of soil texture in the most of the areas is loam 
to sandy clay loam. Drainage of the land's surface is 
favorable due to a large number of small and large valleys 
and general slope of the field, except one point where 
leaching clay from the upstream and its accumulation in the 
field of the poplar species plantation, not only drainage is 
possible but also it has created problems for plant growth. 
Brown dominant soil type, only on the part of the 
plantation area, is acidic washed brown soil with the 
Argillic horizon. Soil structure of the whole of the field is 
generally fine and coarse grained till multi-faceted. Soil pH 
is generally acidic and its range at the whole of the field is 
between 4 and 6.5. The depth of the soil is shallow to 
relatively deep. Geologically, it belongs to the Miocene 
period (FRWO 2008).  

 
 
 
 
 

 

 
 
 
Figure 1. Bibi Yanlu Forest Park location in Guilan Province, Iran 
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Field sampling 
Due to the homogeneity of forest communities, 

systematic-random was used for sampling. Furthermore, 
based on the studies for determining the best grid of data 
collection, 15 plots of 1000 m2 were determined for each 
afforestation and natural forest (Pourbabaei, 1998). Data 
collection in plots was conducted based on a grid of 150 × 
150 m in plantations and 200 × 200 m in natural forest. 
After recording the field characteristics, aspect and slope in 
each plot, the minimal area method was used to determine 
the size of the plot in the herbaceous layer. The plot size 
was obtained 64 m2. The kind of plant species in each plot 
was identified and their abundance-dominance estimated 
according to Braun-Blanquet criterion (Pourbabaei et al. 
2004). In total, 60 plots were taken in plantation sites and 
natural forest. 

After drying the samples, to identify the plant species, 
the flora of Iran (Asadi et al. 2002) and color flora of Iran 
(Ghahreman, 1990-1999) were used. The distribution of 
plant species based on the classification method of 
Zohary's growth regions was determined (Zohary et al. 
1993-1980). In order to study the structure of area 
vegetation, first, the growth form of each plant species 
identified by Runkiaer's method, then based on that, the life 
spectrum of area plants was determined (Runkiaer, 1934). 
The amount of variety in each sample using the Shannon-
Wiener index and Simpson (Ejtehadi 2009) and the species 
richness index on the basis of species number (Humphries 
et al. 1996), as well as the value of evenness with the 
modified index of Hill for each of afforestation site was 
calculated (Krebs, 1999). In addition, the amount of 
similarity between afforestation sites obtained by Jaccard's 
similarity index (Mesdaghi 2001). The formulas are as 
following:  
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H: Shannon-Wiener diversity index, pi: the relative 

abundance of ith species, and s: the total number of species 
D-1: Simpson's diversity index, s: the number of 

species, n: the frequency of species, N: the total number of 
species 

E5: as the ratio of modified Hill 
S: the total number of species on the plot 
 

ISJ  ×100 
 
ISJ: Jaccard's similarity index, a: the number of 

common species to both afforests, b: the number of species 
only in the first afforest, c: the number of species only in 
the second afforest. 

First, the normality of data was evaluated by 
Kolmogorov-Smirnov test and the homogeneity of 

variances by Leven’s test. Species diversity indices 
calculated by Past software, for comparing the index 
between afforests and forest ANOVA test was used and 
after significant in indices difference, the multiple 
comparisons of means were performed by Duncan test 
(Pitkanen, 1998). The analysis was performed using SPSS 
version 16.0 (Kinnear and Gray 2000). 

RESULTS AND DISCUSSION  

In the study area, 92 plant species (14 tree species, 6 
shrub species, and 72 herbaceous species) belonging to 79 
genera and 48 families were identified, out of which 39, 37, 
and 45 herbaceous species found in plantations of Loblolly 
Pine, Popular, and Alder respectively, as well as 48 
herbaceous species found in natural forest. In addition, 11, 
14, and 10 wood species in Loblolly Pine, Popular, and 
Alder plantations, respectively, as well as 11 wood species 
in the natural forest were found. The herbaceous species of 
Meadow foxtail (Alopecurus pratensis L.), Black 
spleenwort (Asplenium adiantum-nigrum), Cathedral bell 
(Cobaea scandens), Witch weed (Striga asiatica), Basil 
(Ocimum basilicum), Brittle bladder-fern (Cystopteris 
fragilis), Male fern (Dryopteris filix-mas), Common avens 
(Geum urbanum), Burnet saxifrage (Pimpinella affinis), 
Common prickly fern (Polystichum aculeatum), and 
Clustered dock (Rumex conglomeratus) were exclusively in 
natural forest. Furthermore, the species of common Walnut 
(Juglans regia) and Date-plum persimmon (Diospyros 
lotus) only were observed in natural forest and in 
plantations were absent. 

The mean and error of different biodiversity indices for 
herbaceous species in afforestation and natural forest in the 
study area are indicated in Table 1. 

The results of analysis of variance showed that there is 
a significant difference at the 95% level between 
plantations and natural forest in terms of Shannon-Wiener 
index. The most amount of the Shannon-Wiener diversity 
index was in natural forest and the lowest of that in 
Loblolly Pine plantation (Figure 2).  

Analysis of variance test of Simpson index between 
plantations and natural forest showed a significant 
difference at 95% level. The highest amount of Simpson 
index belongs to natural forest, and between Poplar and 
Alder plantations was not a significant difference, as well 
as the Loblolly Pine stand contained the lowest amount of 
index (Figure 3). 

The results of ANOVA test of the amount of richness 
showed that there is a significant difference between 
plantations and natural forest. Natural forest and Loblolly 
Pine plantation had the highest and the lowest of species 
richness, respectively (Figure 4). 

Statistical tests in terms of Hill's evenness index did not 
show a significant difference between plantations and 
natural forest. Jaccard's similarity coefficient between 
plantations and the natural forest is shown in Table 2. 
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Table 1. Analysis of variance (ANOVA) of indices of diversity, richness, and evenness in the herbaceous layer between plantations and 
natural forest 

 
Index Loblolly Pine  Poplar Alder Natural forest Significant level 
Shannon-Wiener diversity 1/06 ± 0/1 1/51 ± 0/16 1/44 ± 0/12 1/86 ± 0/13 0.001* 
Simpson diversity 0.48 ± 0.05 0.65 ± 0.04 0.64 ± 0.03 0.77 ± 0.01 0.000* 
Richness 7.3 ± 1.06 8.1 ± 1.37 8.06 ± 1.3 12 ± 1.61 0.01* 
Evenness 0.59 ± 0.03 0.58 ± 0.05 0.61 ± 0.03 0.55 ± 0.04 0.7ns 
Note: *It is significant at the 0.05 level, ns: no significant 

 
 

 
Figure 2. The mean of the Shannon-Wiener diversity index 
between plantations and natural forest 
 
 

 

 
 
Figure 3. The mean of the Simpson diversity index between 
plantations and natural forest 
 

 
 

 
 
Figure 4. The mean of the species richness index between 
plantations and natural forest 

Table 2. Jaccard's similarity coefficient between plantations and 
natural forest for herbaceous and woody species 
 

Type of forest 
No. of 

common 
species 

No. of non-
common 
species 

Jaccard's 
similarity 

coefficient 
Loblolly Pine-Natural 
forest 33 41 44 

Poplar-Natural forest 32 39 45 
Alder-Natural forest 39 38 50 
 
 

Discussion  
As seen in Figure 2, the value of Shannon-Wiener's 

biodiversity index among plantations is less than natural 
forest. In other words, plant diversity in the natural forest 
was more than plantations and the difference between them 
was significant. In addition, the value of Simpson's 
biodiversity index as can be seen in Figure 3, in natural 
forest is more than plantations. Study on plant species 
diversity in Loblolly Pine, Maple tree plantations and 
natural forest in the forests of Siahkal (Guilan) showed that 
biodiversity in the natural forest was more than plantations, 
but there was no significant difference. While in the mixed 
plantations of Ash-Maple tree, the number of herbaceous 
species was more than Loblolly Pine and Maple tree of 
Siahkal plantations, and the richness of trees and shrubs 
species were equal and which was greater than Maple pure 
plantation of Siahkal, as it is obvious the diversity is more 
in mixed ash-maple than pure maple plantation (Baktash 
2003).  

In another study, the diversity of floor plant species of 
Norway spruce plantation (Picea abies) has been compared 
with broad leaf natural forest in the region of Lahjim, 
Mazandaran and results showed that plant species diversity 
in natural forest is more than Norway spruce plantation, 
and there is significant difference between them 
(Ghelichnia 2003). Memarian et al. (2007), in examining 
the comparative study of biodiversity in the mixed 
coniferous stand with broadly mixed leaf stand in the 
region of Kelardasht concluded that Simpson's diversity 
index showed the highest value in the type of mixed 
broadleaf. In this study, the stand of coniferous compared 
to the stand of the nearby mixed broadleaf has less 
diversity.   

Different factors affect the less diversity and richness of 
Loblolly Pine coniferous stand. One of the reasons could be 
due to litters of Loblolly Pine, which causes soil 
acidification and reduction of soil fertility such that thick 
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litters of this stand were highly covered (Figures 2, 3, and 
4). In Figure 4, the species richness is more in natural 
forest. More humidity and optimum light on the natural 
forest floor has caused more species richness than 
plantations. Ahmadi Malakut et al. (2011) studied the 
vegetation condition of the forest floor both plantation 
forests and natural forest. Measurements showed that 
species diversity in natural forest is more than plantation 
forests.  

Baktash (2003) studied the vegetation condition in two 
different stands of a Maple tree, Loblolly Pine plantations 
and a natural forest. The results showed that species 
diversity in natural forest and Maple plantation had the 
highest and lowest of amount respectively. Roberts et al. 
(2002) in Canada and on species composition and the 
species diversity of vascular plants in the floor story of 
Picea abies plantation in three age categories (5 to 7, 10 to 
12, and 14 to 16 years) and natural forest was found that 
mean of species richness in natural forest and Picea abies 
plantation forest is 37 species and 33-36 species 
respectively. According to this study, natural forests due to 
multi-story vegetation cause diversity in the environmental 
conditions. Consequently, this can be known as a factor for 
the diversity of grass species in the studied natural forest.  

While in the plantation forests due to single-storey 
vegetation or closed cover a broadly homogeneous growth 
environment is created that only certain species can be 
established. In addition, the factors can be involved in 
decreasing species richness in plantation forest compared 
to the natural forest. Out of which can be noted 
indiscriminately forests cutting, monoculture and the 
disruption of forest structure in plantation areas. Ahmadi 
Malakut et al. (2011) also came to similar results to this 
study. Less richness in the stand of Poplar plantation 
compared to the control stand may be due to the high 
density of the coppice shoots that prevents the entry of the 
shrub species. This can reveal the importance of forest 
management on the increase in richness. This is confirmed 
in Kirby, Busing, and Garna's studies (Nagaike et al. 2003), 
which the richness in the stand of Larix sp. after stand 
management has increased.  

Poplar is one of the species that grows better in light 
texture soils. In general, Poplar likes soils with a light 
texture, good drainage, and high humidity. While in the 
study area, soil texture is heavy and loamy and it is no 
proper drainage, and less species diversity of the stand of 
Poplar than natural forest may be due to the same issue 
(FRWO 2008). Indices of richness and species diversity in 
Poplar plantation was more than Loblolly Pine plantation. 
But there was no significant difference with Poplar 
plantation. Perhaps this is due to the open canopy of Poplar 
plantation against Loblolly Pine plantation, which causes 
the light to reach the forest floor and to allow growth of 
wood and herbaceous species (Figures 2, 3, and 4). Some 
studies have shown that forest management can be caused 
the increase of richness (Nagaike et al. 2003).  

Other studies on plantation generation have shown that 
the properties of the canopy of planted species may affect 

the understorey communities (Lugo, 1997; Parrotta, 1995). 
The stand of Poplar due to having more open canopy than 
other stands, causing light to reach the soil and herbaceous 
and allow growth of wood and herbaceous species, but in 
other stands as a result of the closed canopy (even up to 
95%), this was impossible. In many cases, plantations will 
involve preserving ecosystem sequence and raising 
biodiversity in the long-time, for example, the development 
of vegetation in the coastal strip, creating plantations in the 
eroded areas, the proper use of tree species regarding 
habitat and ecological needs each region, the 
implementation of mixed plantations and the timely 
performance of cultured operations in the level of 
plantations (Mohammadnezhad-Kiasari et al. 2007). In 
relation to being a not significant comparison of Hill's 
evenness index means between the natural stand and 
plantation stands seems according to field observations and 
other soil properties, the soil of the area enjoys enough 
fertility to meet the nutritional needs of plants, and plants 
have not an inter-species competition to supply their 
nutrition elements. This can be the reason for the uniform 
distribution of the vegetation in the natural and plantation 
stands. Vatani et al. (2007) in examining of natural 
generation diversity at 15 years old plantation of Alder in 
down areas showed that for the evenness index between the 
areas of plantation stand and natural stand there is no 
significant difference. Mojarrebi et al. (2011), in 
comparison of generation density and plant diversity in the 
plantation of Populus deltoides and Maple tree stands of 
Mazandaran Province, showed that for Hill's evenness 
index between them there is not a significant difference. In 
terms of the similarity of wood and herbaceous species 
between natural forest and plantation forests, Poplar 
plantation forest was closer to natural forest and Loblolly 
Pine plantation forest had the least similarity to natural 
forest, as well as Poplar plantation forest compared to 
Alder had the least similarity to natural forest.  

Ghorji Bahri and Hemati (2004) showed that Alder is 
also from fast-growing trees of forests in the north of the 
country, which forms various types in the pure and mixed 
stands. They caused the rapid establishment in the forest 
empty spots and also fixing the nitrogen of atmosphere in 
the soil and strengthening soil fertility. Nowadays, Loblolly 
Pine plantation forest in the province of Guilan has reached 
the age of exploitation and the forest growing in them is of 
great importance. The points that highlight the results of 
the study is that plantation with Alder species shows better 
results than other plantations in the study area. On the one 
hand, the Alder species cause fixing nitrogen in the soil, as 
well as soil fertility. While in the plantation with Loblolly 
Pine happened the opposite of this case.  

In the plantation stand with Poplar species as a result of 
leaching clay from upstream and its accumulation in the 
area has created problems in the growth of the species 
(FRWO 2008). Therefore conservation of natural forests 
should be done regarding established species in this area 
because these ecosystems are the result of species 
adaptation to environmental conditions in long years.
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Abstract. Yarmoohammadi M, Talebi SM, Nohooji MG. 2017. Infraspecific variations in essential oil and glandular trichomes in 
Nepeta heliotropifolia. Biodiversitas 18: 964-970. Nepeta heliotropifolia Lam. (Labiatae) is one of the perennial medicinal and aromatic 
plants, naturally grows in different regions of Iran. The essential oil composition of aerial parts and also the micromorphology and 
distribution of foliar trichomes of N. heliotropifolia from two different regions of Iran were studied. The extracted essential oils were 
significantly composed of caryophyllene oxide and phytol, which were quantified by GC and identified based on their GC/MS spectra. 
The essential oil compositions differed greatly with habitat as well as former investigations. Phytol was quantified between 0.75-10. 
29% of the total essential oil, but caryophyllene oxide was quantified between 3.90-12.17% of the total essential oil. Trichomes 
investigations showed that leaves bear an indumentum of glandular and non-glandular hairs. Two main kinds of glandular trichomes 
were observed; peltate and capitate. The numbers of capitate and peltate trichomes varied between populations. Such great differences in 
the essential oil composition may be attributed to chemotype creation and also an adaptation of these populations to particular habitats. 

Keywords; Nepeta heliotropifolia, essential oil, trichomes, infraspecific variations 

INTRODUCTION 

Investigations confirmed that various agents, for 
example, genetic, physiological or environmental variables, 
cause the chemical differences in essential oil composition. 
For this reason, although the essential oil chemical 
composition was genetically determined it can suffer 
influence as a result of many ecological parameters, 
especially when referring to vegetal material used in 
pharmacological, chemical and agronomic examinations, 
which their aims are obtain herbal medicines. Because, 
pharmacological qualities can vary due to changes in the 
compositions of essential oil (Lima et al. 2006; Paula et al. 
2011). 

Former investigations on different medicinal plant 
species, such as sage (Russo et al. 2013) and chamomile 
(Formisano et al. 2015), proved that environmental factors 
strongly influence the phytochemical compositions as well 
as biological activities of plants. Peltonen-Sainio et al. 
(2010) stated that the plant yield is the result of a complex 
interaction between weather, genotype, soil condition and 
management parameters on growth as well as development 
processes. Furthermore, other ecological factors such as 
irradiation, temperature, and also precipitation can directly 
and indirectly influence plant's yield (Takashima et al., 
2013). Manukyan and Schnitzler (2006) explained 
temperature mainly determine the quality and productivity 
of yield. In addition, the availability of water is the main 
factor to manufacture assimilates during various phases of 
growth used both for creation of vegetative dry matter and 

also for reserve carbohydrates in the vegetative tissues 
(Delfine et al. 2001). 

Nepeta is a genus of the Labiatae family and comprises 
of approximately 250 species. Many species of it are used 
for pharmaceutical purposes. These aromatic plants 
naturally grow in different regions of Iran and until now 
seventy nine species of Nepeta were listed by the country. 
Nepeta heliotropifolia Lam. is a perennial herb of the genus 
and grows naturally in Iran (Jamzad 2012). It is important 
to know that aromatic species of Lamiaceae are 
economically very important due to the production of 
essential oils (Mc Caskill and Croteau 1995). 

Glandular and non-glandular hairs are widely 
distributed over the aerial parts of both reproductive as well 
as vegetative organs of Lamiaceae taxa, and the secretions 
of glandular trichomes contribute largely to their great 
importance. Glandular hairs are the primary secretory 
structures of these species, and their morphological traits 
can differ widely between taxa (Kaya et al., 2003). Werker 
(1993) demonstrated these trichomes are often microscopic 
and secrete different kinds of constitutes, such as essential 
oil. It may act to protect the plant aerial parts against 
pathogens and also herbivores. Moreover, the biological 
activity of the secondary metabolites in the essential oil can 
be used in different industries, for example; pesticide, 
flavoring and fragrance and pharmaceutical (Werker 1993; 
Bisio et al. 1999). 

The aims of this study were to analyze the composition 
of essential oil of the aerial parts and trichomes 
morphology and densities of N. heliotropifolia, growing at 
two various habitats, in a quest to investigate the effects of 
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ecological factors on trichomes and also their essential oil 
compositions. We observed that phytol was the major 
component in the essential oil of one population in the 
study that is never reported so far from N. heliotropifolia. 

MATERIALS AND METHODS 

In the study, the kind and frequency of glandular and 
non-glandular hairs were examined on both leaf sides of 
two populations of N. heliotropifolia. These populations 
were collected during spring 2016 from two different 
regions of Iran, i.e. Sefidkhani (Markazi Province) and 
Qazvin (Qazvin Province) (Table 1), and were identified on 
the basis of the descriptions provided in valuable references 
such as; Flora Iranica (Rechinger 1982) and Flora of Iran 
(Jamzad 2012). 

Isolation and analysis of essential oils 
At each population site, forty plant samples were 

selected depending on the size of the population with a 
minimum distance of 50 m. Then samples were mixed for 
homogenization, and used for isolation of essential oil. The 
essential oil was extracted from each population by 
hydrodistillation in the Clevenger apparatus during 2.5 h 
(European Pharmacopoeia 2008). Then it was dried with a 
salt (hydroussodium sulfate) and freezed until analysis. The 
identification of the essential oil compositions were relying 
on a GC-2010 Plus instrument equipped with a GC-QP 
2010 Plus (Shimadzu) series mass selective detector in the 
electron impact ionization mode at 70 eV. Constitutes 
separation was done on fused silica column (30 m × 0.25 
mm ID) with film thickness0.25mm. Helium was carrier 
gas and its flow rate was 1.6 mL/min. The injector and 
detector temperatures was 250◦C. Initially, the temperature 
of GC oven was 50◦C (isothermal for 7 min), then 
maximized to 250◦C at the rate 4◦C/min to (isothermal for 
5 min) and further amplified at the rate 30◦C/min to 300◦C, 
the final temperature kept for 2 min. The identification of 
studied components was based on the retention indices 
(RIs) comparison (Adams, 2007), library of computer mass 
spectra and analytical standards of compounds. The 
quantitative analysis of the main components were carried 
out using gas chromatograph with a flame ionization 
detector on the silica capillary column TR-5MS (30 m × 
0.25 mm ID × 0.25 _m film thickness) (Thermo Electron 
Corporation, USA) under the same chromatographic 
conditions. The percentage quantities of the studied 
constituents were recounted pursuant to the FID 
chromatographic peaks areas assuming that all the essential 
oil compounds comprise 100%.  

Trichomes investigations 
From each population, five flowering stems and of each 

stem one mature leaf were selected, randomly. The samples 
of embedded leaves were used for microscopic studies. For 
this, a fresh adult leaf of each plant was fixed in an F.A.A. 
solution (formalin 7.5%: acetic acid 7.5% and 85% 
ethanol) for 48h. Transverse hand sections of the leaf 
lamina were made from the mid-part of a fully-grown leaf, 

then plant sections were immersed in two consecutive 
treatments of 5% KOH (18 h per treatment), rinsed in 
deionized water, treated for 1.5 minutes in glacial acetic 
acid, rinsed in deionized water, cleared in bleach solution 
(6% sodium hypochlorite) and rinsed in deionized water 
again. Following clearing, a series of ethanol were used for 
leaf dehydration. After these stages, sections stained in 1% 
carmine (in 99% water) for 40 min. and in 0.01% 
methylene blue for 10s, and mounted into microscope 
slides. Then, suitable thin slices were placed on the glass 
lamina, observed and photographed with Olympus (CH2) 
light microscope. The used terminology in respect of 
trichomes kinds followed Esau (1965).  

The total number of each observed trichomes on the 
surfaces of leaves was counted. The leaves areas were 
measured from digital images and were analyzed by Image 
Tool ver. 2.0. The density of hairs was calculated by 
dividing the trichome number by the area of leaf (Gonzales 
et al. 2008).  

RESULTS AND DISCUSSION 

Essential oil investigation 
Essential oil content differed between 0.09-0.2% being 

minimum 0.09% in Qazvin population and maximum 0.2% 
in Sefidkhani population. Present investigation showed 
that, caryophyllene oxide and phytol were the major 
constituents of the essential oil in the samples of N. 
heliotropifolia. The results were listed in table 2, more that 
>97% of the total content of essential oils was determined 
by use of GC-MS analysis. This table presents the retention 
index (RI) of each compound. The compound numbers 
were nearly equal between the studied populations, 32 and 
33 in Sefidkhani and Qazvin populations, respectively 
(Table 2). 

The most abundant chemical category in the essential 
oil of Qazvin population was sesquiterpene hydrocarbons 
(53.53%), followed by oxygenated sesquiterpenes 
(22.93%), oxygenated monoterpenes (15.15%), 
monoterpene hydrocarbons (2.2%) and other components 
(2.98%). However, in Sefidkhani population the most 
abundant chemical category were oxygenated 
monoterpenes (28.4%), sesquiterpene hydrocarbons 
(25.19%), oxygenated sesquiterpenes (19.15%), 
monoterpene hydrocarbons (14.19%) and other constituents 
(9.14%), respectively. 

 The main components of Qazvin population essential 
oil were; phytol (12.79%), α-copaene (11.96%), 
spathulenol (10.64%), germacrene D (10.48%), β-
bourbonene (8.04%) and caryophyllene oxide (4.9%), 
respectively. While, in Sefidkhani population 
caryophyllene oxide (14.17%), caryophyllene (12.07%), 1, 
8-cineole (11.57%), n-tetracosane (9. 14%), 4 a-α,7-β,7 a-
α-nepetalactone (8.84%), β-pinene (6.8%), (Z)-β-farnesene 
(4.48%) and germacrene D (3.31%) were existed as the 
prominent constitutes.  
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Trichomes study 
Both surfaces of leaves in the studied populations were 

covered by trichomes. The indumentum of Sefidkhani 
population had more trichomes and was denser than Qazvin 
population. In the other hand, the total trichome number of 
Sefidkhani populations was 1.78 times larger than other 
population. Two main types of trichomes were recorded on 
both leaf surfaces of the studied populations; glandular and 
non-glandular. 

The non-glandular ones were simple and unbranched 
and were observed as one to five-celled. The number of 
one-celled hairs was the same between two populations, 
while the other trichomes number varied between these 
populations. The highest number of two-celled (42) was 
found in Qazvin population (Figure 1. A), but the largest 
value of three (111) (Figure 1. B), four-celled (9) (Figure 1. 
C) as well as five-celled (2) (Figure 1. D) were found in 
Sefidkhani population. The most frequent non-glandular 
hair in both populations was three-celled type. 

The glandular hairs were divided into three types; 
peltate, capitate and sessile. The sessile glandular 
trichomes had two shapes uni and bi-celled. Both trichomes 
numbers were stable between the studied populations. 
While, the number of capitate and also peltate hairs 
differed between these populations. The peltate trichomes 
had a single basal cell and a large secretory head composed 
of four to six cells (Figure 1 E). Highest value of peltate 
type (2) belonged to Sefidkhani population. This condition 
held true for capitate type. These hairs had a basal cell, a 
stalk cell, and a head that was uni/bi-celled (Figure 1 F,G). 
All of the observed capitate hairs had short stalk and the 
largest number of it with different shapes was reported 
from Sefidkhani population. The most frequent glandular 
hair among these populations were short-stalked capitate. 
The ANOVA test showed significant variations (p≤0.05) 
for non-glandular three and four-celled hairs and also short-
stalked capitate trichomes (Table 3).   

Discussion 
In this work, trichomes morphology along with 

essential oils composition was compared in two 
populations of N. heliotropifolia. The essential oil amounts 
varied greatly among these populations. Although, it's 
content in Sefidkhani population was equal to essential oil 
amount of previous study in this species (Sajjadi and 
Khatamsaz 2001), the amount of essential oil in Qazvin 
population was very low in comparison to the mentioned 
previous study. These findings were in agreement with 
trichomes densities. We observed that, the total number of 
glandular trichomes in Sefidkhani population were more 
than Qazvin population. The infraspecific variations in 
trichomes were reported in different species (for instance, 
Rezakhanlou and Talebi 2010). Mc Caskill and Croteau, 
(1995) considered the glandular hairs as exclusive localities 
for production of essential oil. Glandular trichomes are 
epidermal structures covering the plants aerial organs. The 
density of these trichomes kinds of the leaves sides has 
been found to be positively correlated with the essential oil 
amount of the plants (Bosabalidis 2002). 

 

Table 1. Localities address of the studied populations 
 
Population  Habitat address 
Sefidkhani Markazi Province of Iran, Arak, Sefidkhani 

mountain, 2200 m 
Qazvin Qazvin Province of Iran, Alamout, 1700 m 
 
 
 
Table 2. Essential oil composition of the studied populations of 
N. heliotropifolia 
 

Compound  RT Qazvin 
Population 

Sefidkhani 
Population 

2E-Hexanal 8.23 0.75 0 
Sabinene 13.76 0.49 2.28 
β-Pinene 14.03 1.22 6.80 
1,8-Cineole 16.95 1.89 11.57 
n-Nonanal 20.84 0.47 0 
α-Copaene 33.52 11.96 0 
β-Bourbonene 33.89 8.04 0.43 
β-Cubebene 34.03 3.49 0 
Caryophyllene 35.47 3.44 12.07 
β-Copaene 35.91 0.56 0 
Aromadendrene 36.50 0.24 0 
 (Z)- β-Farnesene 36.68 0.23 4.48 
α-Humulene 37.03 0.42 1.45 
allo-Aromadendrene 37.21 0.46 0.51 
Germacrene D 38.12 10.48 3.31 
Bicylcogermacrene 38.72 4.42 1.69 
δ-Cadinene 39.57 4.19 0.62 
trans-Calamenene 39.82 0.49 0 
α-Calacorene 40.66 0.57 0 
1-nor-Bourbonanone 41.50 1.10 0 
Spathulenol 42.19 10.64 2.87 
Caryophyllene oxide 42.35 4.90 14.17 
Hexadecane 42.48 0.61 0 
β-Copaen-4-alpha-ol 42.64 1.93 0 
cis-Isolongifolanone 43.15 0.75 0 
Humulene epoxide II 43.44 0.80 0.72 
trans-Isolongifolanone 44.07 0.91 0 
Germacrone 45.95 3.66 0 
Tetradecanoic acid 48.84 1.31 0 
Octadecane 49.81 0.34 0 
6,10,14-trimethyl-2-
Pentadecanone 

51.40 3.17 0 

Farnesyl acetone 53.81 0.47 0 
Phytol 60.03 12.79  0.75 
α-Pinene 11.69 0 3.52 
Camphene 12.59 0 0.88 
Myrcene 14.61 0 0.50 
Para-Cymene 16.60 0 0.43 
Limonene 16.75 0 1.40 
trans-Pinocarveol 22.75 0 1.07 
Comphor 23.16 0 0.69 
Pinocarvone 23.91 0 0.70 
Borneol 24.37 0 1.37 
Terpinen-4-ol 24.71 0 0.59 
cis-Pinocarveol 25.51 0 1.01 
Myrtenal 25.58 0 1.20 
Isobornyl acetate 29.52 0 0.98 
α-Cubebene 33.50 0 1.63 
4 a – α,7-β,7 a – α-
Nepetalactone 

34.79 0 8.84 

Viridifloral 42.83 0 1.75 
n-tetracosane 68.89 0 9.14 
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Table 3. Results of ANOVA test in trichomes numbers among the N. heliotropifolia populations 
 
Trichome types  Sum of Squares df Mean Square F Sig. 
Simple uni-celled non-
glandular 

Between Groups 0.667 1 0.667 1.000 0.374 
Within Groups 2.667 8 0.667   
Total 3.333 9    

Simple bi-celled non-
glandular 

Between Groups 504.167 1 504.167 4.007 0.116 
Within Groups 503.333 8 125.833   
Total 1007.500 9    

Simple three-celled non-
glandular 

Between Groups 5400.000 1 5400.000 148.624 0.000 
Within Groups 145.333 8 36.333   
Total 5545.333 9    

Simple four-celled non-
glandular 

Between Groups 66.667 1 66.667 14.286 0.019 
Within Groups 18.667 8 4.667   
Total 85.333 9    

Peltate Between Groups 0.667 1 0.667 1.000 0.374 
Within Groups 2.667 8 0.667   
Total 3.333 9    

Short-stalked capitate Between Groups 1944.000 1 1944.000 69.429 0.001 
Within Groups 112.000 8 28.000   
Total 2056.000 9    

Sessile one-celled 
glandular 

Between Groups 0.667 1 .667 .400 0.561 
Within Groups 6.667 8 1.667   
Total 7.333 9    

Sessile two-celled 
glandular 

Between Groups 0.167 1 0.167 1.000 0.374 
Within Groups 0.667 8 0.167   
Total 0.833 9    

 
 
 

 
 
Figure 1. Different types of trichomes in Nepeta heliotropifolia. A. two-celled, B. three-celled, C. four-celled, D. five-celled, E. peltate, 
F, G. short-stalked capitate 
 
 

  
Three different kinds of glandular trichomes were seen 

on the leaf epidermal surfaces, but the main of them were 
peltate and capitate. These types of trichomes were 
observed in other species of the Lamiaceae family. For 
instance, the peltate trichomes are also observed in Salvia 

blepharophylla (Bisio et al. 1999), Ocimum basilicum, 
Teucrium chamaedrys, Teucrium siculum (Servetazz et al. 
1994), Sideritis syriaca, Lagochilus macracanthus Fisch. & 
C.A. Mey (Talebi and Rezakhanlou 2012) and Pogostemon 
cablin (Werker et al. 1993). Moreover, species like Nepeta 

A B C D E F G 
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racemosa (Bourett et al. 1994), Acinos graveolens (Talebi 
and Shayestehfar 2014), Ziziphora tenuior (Talebi et al. 
2012), Mentha piperita (Askari et al. 2016a) and 
Lallemantia royleana (Askari et al. 2016b) had different 
types of capitate hairs. 

In addition to morphological variations (Fahn 2000), 
peltate and capitate hairs have different secretion 
mechanisms. Siebert (2004) stated that the compounds 
secreted by capitate hairs are mostly excreted to the 
surrounding environment, apparently through pores in the 
cuticle of the head cell (s). While, in peltate hairs the 
secretions accumulate in a capacious subcuticular space 
shaped by the separation of the head cell walls from the 
cuticular dome that encloses them, and remain there until 
the cuticle is physically ruptured. Therefore, peltate hairs 
function as repositories for the specialized phytochemicals 
that they secrete. 

Not only the major components of the essential oil 
differed between the studied populations, but also many of 
the minor constitutes of Qazvin population essential oil 
were absent in Sefidkhani population. However, it is 
important to know that the types and also amounts of the 
essential oil main compounds of Sefidkhani population 
were similar to those were reported by Sajjadi and 
Khatamsaz (2001). They found that 1, 8-cineole (19.0%), 
caryophyllene oxide (14.2%), P-caryophyllene (11.3%), 
spathulenol (8.3%), myrtenol (5.9%), trans p-farnesene 
(5.1%), trans-pinocarveol (4.2%) and α-terpineol (4.1%) 
were the main compounds of essential oil in Hamadan 
population of this species. Although, one of the major 
compounds of Sefidkhani population, 4 a-α, 7-β, 7 a-α-
Nepetalactone (8.84%) didn't present in Hamadan 
population. Former studies (e.g. Handjieva et al. 1996; 
Sharma and Cannoo 2013) showed nepetalactones, as one 
of the principal constituents of N. angustifoliates, N. 
cataria, N. mahanensis and N. nepetella. The common 
name of these terpenoids is catmints. They have 
antimicrobial and insect repellent activities, while 
nepetalactones are also strong feline attractants. The 
components are reported to accumulate in the subcuticular 
space of the peltate glandular trichomes (Clark et al. 1997). 

Although, the change in peltate trichomes number not 
so great between these populations, the number of short-
stalked capitate and most types of non-glandular hairs 
widely varied between two populations, there are many 
possible reasons for it. It seems that nearly a 500m 
variation in habitat altitude between these populations is 
the main factor. Former studies confirmed that plants grow 
at a higher altitude have special morphological and also 
anatomical traits, which help them to tolerate hard 
ecological conditions ( Kofidis et al. 2003). The change in 
indumentum density was one of them that were clearly 
observed between the studied populations. These 
conditions were explained for other Nepeta species. For 
example, significant differences in density of trichomes 
were found between populations grow at different altitudes 
(Kofidis et al. 2007). Karabourniotis et al. (1998) stated 
that plants at higher altitudes have to be more protected 
from irradiance of excessive UV-B, and the flavonoid-
containing trichomes help it. Apart from the protection of 

UV-B, the dense leaves covered with non-glandular 
trichomes at higher altitudes may further contribute to 
protection from low temperatures (Kofidis and Bosabalidis 
2008). Therefore, changes in trichomes number influence 
the manufacture as well as the secretion of essential oil. 
It seems that infraspecific variations in the essential oil 
compositions have adaptive value for plants. Ding et al. 
(2010) stated the compositions of essential oil are also 
involved in a variety of ecological interactions, such as 
allelopathy. It is a mechanism of biochemical interaction 
between plant-plant, plant-microbe, plant-insect or plant-
herbivore (Alipour and Saharkhiz 2016). Allelopathic 
products can be volatile and release from the different 
organs such as leaves, stem as well as roots. Scrivanti et al. 
(2003) demonstrated allelopathy is generally accepted as a 
prominent environmental parameter in determining the 
structure and also composition of plant communities. 
Studies (e.g. Talebi et al. 2014) confirmed that the 
populations of a species that grow in the different habitats 
face with different ecological conditions. Therefore, they 
interact with various plant taxa and for their survives and 
better growth must compete with a wide range of 
accompanied plants. For this reason, like phenotype 
plasticity that occurred for plant fitness with the niche 
ecological condition, chemical composition of essential oil 
of each population co-evaluated. 

Franzios et al. (1997) believed that the essential oil 
biological effects are often related to the presence of some 
main compounds. While, the activity of the prominent 
constituents of the essential oil can be modulated by the 
minor molecules. Therefore, each population had its unique 
essential oil compositions for better establishment in its 
habitat and makes the molecules that needs for its 
allelopathic interactions. For example, terpinen-4-ol 
completely inhibited the germination of seeds and also the 
growth of seedlings in different species, like Amaranthus 
retroflexus, Rumex crispus and Chenopodium album 
(Kordali et al. 2007). Moreover, thymol, carvacrol and 
carvone showed high inhibition even at low concentrations 
against weed seeds such as Amaranthus retroflexus, 
Centaurea solstitialis, Raphanus raphanistrum, Rumex 
nepalensis, Sinapis arvensis and Sonchus oleraceus 
(Azirak and Karaman 2008). 

Wang et al. (2010) found that β-caryophyllene inhibited 
the germination of seed, growth of the root as well as shoot 
in various taxa such as Raphanus sativus, Mikania 
micrantha, Brassica campestris, Lactuca sativa. Moreover, 
δ-cadinene had phytotoxic activity on Isolepis nodosa  (Ens 
et al. 2009). 

Since, the essential oil major compound were different 
between the studied populations, the medicinal properties 
of these population are different. Phytol is an important 
unsaturated terpene and is a product of chlorophyll 
metabolism. The compound has high antimicrobial activity, 
high stability, and also low toxicity (Ghaneian et al. 2015). 
Alpha-copaene is a tricyclic sesquiterpene. Former 
investigations indicated it has anticarcinogenic, 
antioxidant, hepatoprotective and antiinflammatory 
activities (Turkez et al. 2014). 
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 While, β-caryophyllene and β-caryophyllene oxide are 
Natural bicyclic sesquiterpenes and both of them have 
significant anticancer activities, affecting growth and 
proliferation of many cancer cells (Fidyt et al. 2016).  

In total, the obtained results proved that the morphology 
and densities of trichomes with essential oil compositions 
differ between populations of the same species. In some 
cases, these variations are not so great, while sometimes 
high infraspecific variations in trichomes as well as 
essential oil amount and compositions are observed 
between populations and lead to the creation of chemotypes 
as seen in Qazvin population. 
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Abstract. Irawati W, Parhusip Ajn, Christian S, Yuwono T. 2017. The potential capability of bacteria and yeast strains isolated from 
Rungkut Industrial Sewage in Indonesia as a bioaccumulators and biosorbents of copper. Biodiversitas 18: 971-977. Heavy metal 
pollution is a serious problem as a result of industrialization due to the high production of wastewaters containing high concentrations of 
heavy metals. Wastewater contains microbial populations adapted to the toxic concentrations of heavy metals and becomes resistant by 
accumulating copper inside the cells. The aims of the study were to isolate yeast and bacteria from Rungkut Industrial sewage in 
Indonesia, and to examine the capability of these isolates to accumulate and biosorb copper. The copper resistance was determined by 
measuring minimum inhibitory concentration (MIC). The capability of isolates to accumulate and biosorb copper were determined by 
atomic absorption spectrophotometer. Biosorption is described as how much copper is removed from a growth medium with reference to 
the initial concentration. Of this study, nine bacterial strains and eight yeast strains were obtained with the MICs of 6-7 mM, and 16-20 
mM CuSO4, respectively. Afterward, we have successfully selected three bacteria and one yeast strains showing the highest copper 
resistance. The three bacterial strains, designated as C1, C2, and C4 were able to accumulate copper up to 29.93, 508.01, 371.42 mg/cell 
dry weight, respectively. While the yeast strain, ES9.3 was able to accumulate 0.52 mg/cell dry weight and reduce up to 82.32% copper 
concentration in the medium. The findings of this study indicated that yeast and bacterial strains were promising microorganisms for 
removal of copper. 

Keywords: Copper accumulation, bacteria, biosorption, yeast 

INTRODUCTION 

Heavy metal pollution becomes a big concern in 
developed countries, as a result of industrialization, which 
produces large quantities of wastewaters containing high 
concentrations of heavy metals. The problem of heavy 
metal pollution is basically associated with: (i) acute 
toxicity linked with particular metals, even at a lower 
concentration; (ii) the characteristics of heavy metals which 
could not be degraded or destroyed easily and tend to 
circulate causing the long-lasting substantial remain in 
nature and tend to accumulate through the food chain, 
leading to the public health threat (Machado et al. 2009). 

Copper is one of the toxic heavy metals contained in 
industrial sewage. Toxicity of copper is largely due to their 
presence in aqueous systems in the ionic formation, which 
is easily absorbed by living organisms (Andreazza 2010). 
According to Christian (2013), copper pollution in the east 
coast of Surabaya-Indonesia is mostly caused by untreated 
industrial sewage. High concentration of copper is also 
found in the fishes caught around the east coast of 
Surabaya, at concentration ranges from 2,290.20 ppb to 
5,920.20 ppb. It is approximately two-five times higher 
than that standard of tolerance level set up by WHO 

regulation which is 1,200 ppb. This high level of copper in 
the contaminated fishes may pose a threat to the health of 
the population living in that area.  

Bioremediation of heavy metals using microorganisms 
has received a great deal of attention in recent years, not 
only as a scientific novelty but also for its potential 
application in industry. Conventional techniques for 
removing dissolved heavy metals in terms of chemical 
precipitation, carbon adsorption, electrolytic recovery, ion 
exchange, chelation and solvent extraction or liquid 
membrane separation had several disadvantages such as a 
high cost, incomplete removals, low selectivity, high 
energy consumption and generation of uneliminated toxic 
slurries. Of these reasons, the potential ability of 
microorganisms in the environmental protection and the 
toxic heavy metal recovery is of new promising approach 
in the removal of metal ions (Zaki and Farag 2010).  

In the contaminated environments which naturally 
contained toxic compounds, microorganisms had abilities 
not only to resist those toxic compounds but also to 
remediate them for their benefits (Guo et al. 2010). The 
high exposure of toxic heavy metals causes the cells of 
microorganisms develop resistance mechanisms and metal-
ion homeostasis (Aspassia et al. 2007). Several scientific 
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reports stated that most indigenous microorganisms tolerate 
high concentrations of heavy metal and may play a 
significant role in bioremediation soil (Ge et al. 2009). 
Therefore, it is crucial to study the diversity of indigenous 
microorganisms in the contaminated sites of heavy metals. 
Indigenous microorganisms isolated under unfavorable 
conditions at industrial sites may provide new insight into 
its diversity. The aim of the study was to isolate, to select, 
and to characterize indigenous microorganism isolated 
from industrial sewage in Rungkut-Surabaya, Indonesia. 
The capabilities of indigenous microorganisms to 
accumulate and to biosorb of copper were also determined. 

MATERIALS AND METHODS 

Growth medium 
Bacteria were grown in Salt Base Solution (SBS) broth 

containing the following (per liter): K2HPO4 1.5 g; KH2PO4 
0.5 g; (NH4)2SO4 0.5 g; Mg2SO4.7H2O 0.2 g, supplemented 
with 5 g of yeast extract. Yeast was grown in YEPD broth 
consist of 1% yeast extract, 2% peptone, 1% dextrose. SBS 
and YEPD agar were made with the addition of 2% pure 
agar. The medium was autoclaved in 121°C, 1 atm, for 15 
minutes before used for growth medium. The stock of 1M 
CuSO4·5H2O was added to autoclaved media. 

Microorganism isolation 
One hundred microliters sample of industrial sewage 

from wastewater treatment plant in Rungkut, Surabaya, 
Indonesia was inoculated onto agar plate medium 
supplemented with various concentrations of copper and 
was then incubated at 37ºC for 24 hours. The growing 
colonies were selected, and subjected to further purification 
by quadrant streaking method to obtain a single colony. 
Phenotypic characterization was conducted by analyzing 
cell morphology including the form, color, margin, 
elevation of the colonies. The morphology of the bacterial 
cells was observed by Gram staining followed by light 
microscope observation. 

The effect of heavy metals on cell growth 
Cells were grown in 25 ml SBS medium supplemented 

with copper and without copper. Cultures were incubated at 
37°C. The cell growth was monitored by measuring optical 
density at 600 nm using a spectrophotometer. The 
morphological changes of the colony on medium 
containing various concentrations of copper and without 
copper were also observed. 

Copper resistance 
The resistance of microorganisms to copper was 

determined by Minimum Inhibitory Concentration (MIC). 
The copper resistance of bacteria and yeast were tested on 
agar plates by streaking method until the isolate unable to 
give colonies. The growing colonies at a given 
concentration were subsequently transferred to the next 
higher concentration. The MICs were determined after 48 
hours of incubation at 37ºC. 

Accumulation and biosorption of copper 
Cells were grown in SBS broth containing various 

copper concentrations and incubated at 37°C with shaking 
at 200 rpm. Cells were centrifuged at 5000xg for 20 min at 
4°C to separate it into supernatant and pellets. Cells pellets 
were washed several times with copper-free phosphate 
buffer. Each of the cell pellets and supernatants was 
digested with HNO3 at 100°C for measuring the ability of 
microorganisms in accumulating and biosorp copper, 
respectively. The dry weight of the cells from the same 
culture was determined. The copper content was 
determined by using an Atomic Absorption 
Spectrophotometer at 324.9 nm. Heavy metals biosorption 
were calculated by subtracting concentrations of heavy 
metal added to media and the remaining of heavy metal in 
the media after cell growth.  

RESULTS AND DISCUSSION 

Microorganisms isolation 
Nine bacterial strains and eight yeast strains have been 

isolated from industrial wastewater in Rungkut-Surabaya 
with the MICs of 6-7 mM and 16-20 mM CuSO4, 
respectively (Table 1). Among them, we could select three 
bacterial strains and two yeast strains which showed the 
most resistant to copper. Afterward, the three bacterial and 
two yeast strains were designated as C1, C2, C4, and ES 
9.3, ES10.2 respectively. These bacteria were resistant to 
copper with the MIC ranged from 3.1 to 4.7 mM (Altimera 
et al. 2012). The resistance of microbial isolates to copper 
might be due to the selective pressure of high pollutants in 
the industrial wastewater at Rungkut as the location of 
microorganism isolation. According to Bondarczuk and 
Piotrowska-Seget (2013), widespread use of copper-
containing products has prolonged exposure of bacterial 
cells to copper which could be further used to select 
copper-resistant bacteria. Studies of bacterial strains which 
less resistant to copper have been previously reported i.e., 
Sphingomonas sp. and Stenotrophomonas sp. isolated from 
copper-polluted agricultural soils in Valparaiso region, 
central Chile. Ezzouhri et al. (2009) reported that the 
variation of metal tolerance might be due to the presence of 
different types of tolerance processes or resistance 
mechanisms exhibited by different strains.  

Results showed that most of the bacterial strains 
isolated from the industrial wastewater were Gram-
negative bacteria (Table 1). This result was similar to the 
previous study conducted by Brynhildsen et al. (1988) 
reported that the majority of isolates that undergo selection 
pressures in the presence of toxic compounds were Gram-
negative bacteria whereas Gram-positive bacteria isolates 
accounted for only 20%. Keramati et al. (2011) reported 
that Gram-negative bacteria were more resistant to copper 
than Gram-positive bacteria. Each of Gram-positive 
bacteria isolated from dental clinic effluent had no 
tolerance to heavy metal. In addition, Adel et al. (2014) 
reported that Bacillus sp., Pseudomonas sp., Chryseomonas 
sp., Burkholderia sp., Citrobacter sp. and Kluyvera sp. 
isolated from secondary sewage consisted of Gram-positive 
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and Gram-negative bacteria with the percentage of 35.7 
and 64.28, respectively. Of all these studies, it could be 
concluded that the resistance of Gram-negative bacteria to 
copper compared to that of Gram-positive bacteria might 
happen due to the different composition of the Gram-
negative membrane. According to Tortora et al. (2005), the 
outer membrane of Gram-negative bacteria has some of the 
strong negative charge bounding to the heavy metals as a 
positive charge. This prevents the heavy metals to enter the 
cytoplasm leading to the resistance of Gram-negative 
bacteria in the high concentration of copper. Interestingly, 
the result also showed that yeast strains were more resistant 
than that of bacterial strains based on the ability to grow in 
medium containing a high concentration of copper which 
could be seen from MIC test (Table 1). This might be due 
to yeast strains are more adaptable than bacteria. Adnand et 
al. (2006) reported that yeast strains were more resistant 
than bacterial strains because yeast can adapt and grow 
under various extreme conditions of pH, temperature and 
nutrient availability, as well as high metal concentrations. 
The growth of yeast strains in medium containing copper is 
presented in Figure 2.  

The effect of heavy metals on yeast growth 
The growth of yeast strain ES9.3 in medium 

supplemented with 5 mM, 10 mM, 15 mM of copper and 
without copper (control) were shown in Figure 2. The 
growth of yeast strain ES9.3 in medium containing 5 mM 
of copper and without copper addition were almost the 
same. It showed that the low concentration of copper until 
5 mM CuSO4 did not affect the growth of yeast strain. The 
presence of 10 mM of copper in medium decreased the 
yeast growth significantly while in a medium added with 5 
mM of copper and without copper (control), the yeast strain 
required more time to perform lag phase. Interestingly, the 
yeast strain did not show the activity of growth in medium 
containing 15 mM of copper. It indicated that the high 
concentration of copper was toxic for the growth of yeast 
strain ES9.3. This is in line with Macomber and Imlay 
(2009) who reported that in low concentration, copper 
plays an essential role in biological processes but it 
becomes very toxic in high concentration. Copper degrades 
iron-sulfur which part of dehydratases clusters through iron 
displacement leading to the inactivation of these crucial 
enzymes which further caused oxidative damage inside the 
cells and resulted in the death of microorganism.  

Table 2 shows that the addition of a copper 
concentration in the culture medium influenced the growth 
variety of bacterial strains. The result showed that eight 
bacterial strains have successfully grown in medium 
containing 2 mM CuSO4 and without copper. It means that 
bacterial strain could still survive in the medium 
supplemented with copper concentration up to 2 mM. 
However, the number of bacterial strains decreased to 
seven strains when 3-4 mM were added in medium, and 
only three strains were able to grow in medium containing 
5-6 mM CuSO4. The three highly copper-resistant bacteria 
were isolated C1, C2, and C4 as shown in MIC test. It was 
concluded that the higher concentration of copper added in 
the growth medium reduced the number of the bacterial 

strain. According to Ahemad (2012), the higher 
concentration of metal lead to the reduction of total 
microbial biomass, the decreased number of specific 
populations, and changes in microbial community 
structure.  
 
Table 1. The copper resistance microorganisms isolated from 
industrial sewage in Rungkut-Surabaya, Indonesia 
 

Bacterial 
strains Gram 

MICs of 
bacterial 

strains (mM) 

Yeast 
strains 

MICs of 
yeast 

strains 
 (mM) 

A5 
A6 
A7 
C1 
C2 
C4 
C5 
C8 
D2 

+ 
+ 
+ 
- 
- 
- 
- 
- 
- 

2.0 
3.0 
2.0 
6.0 
6.5 
7.0 
3.0 
3.0 
5.0 

ES6.1 
ES8.1 
ES8.2 
ES9.3 
ES9.4 
ES9.5 
ES10.2 
ES10.4 
 

17 
18 
16 
20 
19 
18 
20 
18 
 

 
 
 
 
Table 2. Variety of bacterial strain isolated from industrial 
sewage which was then grown into medium with various 
concentration of copper 
 

Concentration of 
CuSO4 
 (mM) 

Isolate codes Variety of 
isolates 

0 
1 
2 
3 
4 
5 
6 
7 

A5,A6,A7,C1,C2,C4,C5,C8 
A5,A6,A7,C1,C2,C4,C5,C8 
A5,A6,A7,C1,C2,C4,C5,C8 
A5,A6,C1,C2,C4,C5,C8 
A5,A6,C1,C2,C4,C5,C8 
C1,C2,C4 
C1,C2,C4 
- 

8 
8 
8 
7 
7 
3 
3 
- 

 
 
 
 

 
 
Figure 2. The growth curve of yeast ES9.3 isolated in medium 
containing 5 mM, 10 mM, 15 mM of copper and without copper 
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According to Adarsh et al. (2007), microorganisms 
have evolved several tolerant mechanisms in the presence 
of high concentration of heavy metals through 
bioaccumulation and biosorption mechanisms. Both live 
and inactivated microbial mass of bacteria, fungi and algae 
are utilized for removing toxic metal ions by these 
techniques. Figure 2 showed that the addition of copper in 
the medium caused the changes of colony color of the 
strains from white to green due to the accumulation of 
copper inside the cells. The result was similar to the 
previous study conducted by Irawati et al. (2012) who 
reported that Acinetobacter sp. IrC2 could accumulate 
copper and develop blue colonies on copper-containing 
media as a mechanism of copper resistance. The ability of 

this bacteria to resist copper was also depended on the 
sequestration and the accumulation of copper in the 
periplasm.  

Figure 3 showed that the addition of copper sulfate in 
the medium resulted in a change of colony color of yeast 
strain from yellow to brown. This might be due to the 
survival mechanism of yeast strains by increasing the 
production of pigments in the cell wall in response to the 
pressure of adding heavy metals. A similar result was also 
reported by Ito et al. (2007) who mentioned that Yarrowia 
lipoprosita grown at high concentrations of copper sulfate 
produced chocolate pigments which could bind metals in 
cell walls. 

 
 
 
 
 

 
 
Figure 1. The growth of yeast strains in medium containing 5 mM of CuSO4. A. Strain ES6.1; B. Strain ES8.1; C. Strain ES9.2; D. 
Strain ES9.3; E. Strain ES9.4; F. Strain ES9.5; G. Strain ES10.2; H. Strain ES10.4 

 
 
 
 

 
 
Figure 2. Colonies morphology as indicated by the arrow of bacterial strains on medium containing copper and without copper. Note: 
A, B: Isolate C1 in medium without CuSO4 and with 5 mM CuSO4, respectively; C, D: Isolate C2 in medium without CuSO4 and with 5 
mM CuSO4, respectively 
 

A B C D

E F G H

A B C D
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Figure 3. Colonies morphology as indicated by the arrow of yeast strains on medium containing various concentrations of copper. Note: 
A: without CuSO4; B: 5 mM CuSO4; C: 10 mM CuSO4 
 
 

 
Copper accumulation of bacterial and yeast strains 

It is well recognized that microorganisms have a high 
affinity for metals and can accumulate heavy metals by a 
variety of mechanisms (Rehman et al. 2008). Figure 4 
shows the capability of bacterial strains to accumulate 
copper. The result showed that the larger accumulation of 
copper in the cell of bacterial strains was in line with the 
increased level of copper concentration in the culture media 
which ranged from 5 mM to 6 mM of CuSO4. The highest 
number of copper accumulation was obtained from C2 
isolate followed by C4 and C1 with a total of 508.01; 
227.24 and 123.71 mg/g dry weight of cells when they 
were grown on to medium supplemented with 6 mM 
CuSO4. The cellular accumulation of copper obtained by 
isolate C4 apparently remained stable in medium 
containing 6 mM of copper. It indicated that in high 
concentration, C4 strain might use another mechanism 
before pumping copper out of the cells or extracellular 
sequestration resulted in the stable amount of copper 
accumulation. Furthermore, C4 strain might control its 
nutrient regulation in the stress condition (high copper 
treatment) by balancing the need of essential nutrients and 
the lethal nutrient excess for preventing cell death. In 
addition, colonies of C4 strain grown at a high 
concentration of copper seemed to be slimmer and 
produced more exopolysaccharides for extracellular 
sequestration. According to Gonzales et al. (2010), 
exopolysaccharides bound copper ions by integrating high 
electrostatic interactions and keep them to be trapped 
outside the cells. Although this mechanism appeared to be 
a passive and nonspecific process, it could be effectively 
protected bacteria against heavy metal toxicity.   

The capability of yeast strain to accumulate copper 
could be seen in figure 5. The highest amount of copper 
accumulation of yeast isolates was 0.38 mg/g dry weight of 
cells grown in medium containing 10 mM CuSO4 (Figure 
5). This result was higher than those yeast isolates grown in 
medium containing 5 mM CuSO4. Compared to the copper 
accumulation of bacterial strains, the yeast strains 
accumulated the lesser amount of copper. This result was 
interesting because of the fact that bacterial isolates were 
less resistant to copper than yeast isolates due to the 
difference of membrane structure between bacteria and 
yeast which could influence the capacity of copper 

accumulation. The outer membrane of observed bacterial 
isolates (C1, C2 and C4) whose categorized as gram 
negative bacteria, consists of lipopolysaccharides, 
lipoproteins, and phospholipids carrying a strong negative 
charge. This is because the cell surface of bacteria carries a 
net negative charge due to the presence of carboxyl, amine, 
hydroxyl, phosphate and sulfhydryl groups. Therefore, it 
can adsorb appreciable quantities of positive charge of 
cationic metals (Tortora et al. 2005). On the other hand, the 
metal ion uptake in yeasts is known to be involved in the 
initial rapid binding of metal ions to the sites of negative 
charge on the cell wall. These yeast cell wall structures are 
multi-laminate, a microfibrillar structure consisting of up to 
90% polysaccharide (biosorption), followed by a slower, 
energy-depending entry. Interestingly, the outer mannan-
protein layer of the yeast cell wall and the inner glucan-
chitin layer is taking important rules in the heavy metal 
accumulation (Donmez and Aksu 1999). 

Yeast developed more complex biological resistance 
mechanism than bacteria. Resistance mechanism of yeast 
includes extracellular precipitation, complexation, and 
crystallization, the transformation of metal species, 
biosorption to cell walls, intercellular chelation by the 
generation of metallothioneins and phytochelatins, and 
metal localization/sequestration within vacuoles (Gadd 
1992). Bacteria is a prokaryotic organism that develops a 
simpler mechanism of resistance than yeast. This simpler 
mechanism might cause bacterial isolates accumulate more 
amount of copper than yeast isolates. Copper resistance 
mechanisms in bacteria include extracellular and 
intracellular sequestration, enzymatic detoxification, and 
metal removal from the cell enabling them to survive in the 
presence of high concentration of copper (Bondarczuk and 
Piotrowska-Seget 2013).  

Copper biosorption of yeast strain 
Percentage of heavy metal biosorption efficiency using 

living cells of yeast ES9.3 was represented in Figure 6. 
Biosorption term has been used to indicate processes to 
remove the metal. Biosorption describes how much heavy 
metal was removed from solution concerning the initial 
concentration (Parungao et al. 2007). Biosorption 
percentage of the isolate increased in line with the increased 

A B C 
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Figure 4. The ability of copper accumulation of bacterial strains 
grown into medium containing 5 mM dan 6 mM CuSO4  
 
 
 
 

 

 
 
Figure 5. Copper accumulation ability of yeast strains on medium 
containing 5 mM dan 10 mM CuSO4  
  
 
 
 

 

 
 
Figure 6. Biosorption of copper observed from an ES9.3 strain in 
a medium containing 5 mM and 10 mM of copper.  
 

concentration of copper ranging from 5 mM to 10 mM. 
Yeast isolate ES9.3 was able to remove copper up to 80 % 
and 81% in medium containing 5 mM and 10 mM after 30 
hours incubation period, respectively. This result was 
similar to the previous result in Candida tropicalis which 
reduced 82% of copper accumulation in medium (Rahman 
2007). The uptake of metal biosorption occurred through 
interactions between native functional groups and the 
biomass cell wall (Goksungur et al. 2005). The mechanism 
of biosorption mainly involved ionic interactions and 
formation of complexes between metals cations and acidic 
sites in the cell wall of microorganisms (Oh et al. 2009). 
Biosorption is an important bioremediation process for 
copper removal and other heavy metals from the 
environments (Andreazza et al. 2011). 

The capability of strain C1, C2, C4 to grow and to 
accumulate copper in the presence of high concentration of 
copper would be helpful in the waste water treatment 
where microorganisms are directly involved in biological 
processes for waste water treatment, because the inhibitory 
effect of heavy metals is a common phenomenon that 
occurs in the biological treatment of waste water and 
sewage (Filali et al. 2000). Genetic analysis of 
microorganisms from industrial sites may yield new 
information in relation to heavy metal resistance, which 
could be further exploited for bioremediation. 
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Abstract. Sadikin PN, Arifin HS, Pramudya B, Mulatsih S. 2017. Carrying capacity to preserve biodiversity on ecotourism in Mount 
Rinjani National Park, Indonesia. Biodiversitas 18: 978-989. Mount Rinjani National Park (MRNP) in West Nusa Tenggara, Indonesia 
has applied ecotourism which becomes more popular at international and national level. Yet, the MRNP ecotourism faces various 
problems such as ecotourism resources damage, erosion, or garbage left by ecotourism activities, etc. This study aims to analyze (i) the 
land suitability for ecotourism based on criteria of tourism object range, land use and land cover, zone type, biodiversity range, and 
slope, and (ii) carrying capacity of the ecotourism area, the total number of visitors who can enjoy ecotourism attraction based on 
activities type, total area, capacity days, and turnover factor. The results of the land suitability for ecotourism analysis show that the 
MRNP ecotourism has been applied on the suitable land for ecotourism, except in Pelawangan Senaru and at the Peak of Mount Rinjani 
due to its sensitive and fragile area. The carrying capacity assessment using Douglass formula (1982) has counted the visitors for up to 
42.527 visitors per year for camping activity. Generally, this value is under the average actual visitors at present, i.e. 44.112 visitors per 
year. It means the MRNP ecotourism is already exceeded its carrying capacity.  

Keywords: Carrying capacity, ecotourism, national park  

INTRODUCTION  

Currently, outdoor tourism activities in Indonesia are 
increasing and more diverse, which include an outdoor fun 
walk, hiking, trekking, or mountain biking (Nugroho et al. 
2012). The increasing of outdoor tourism activities is also 
followed by an increasing of tourists in the conservation 
area due to increasing awareness about nature conservation 
(Pickering and Hill 2007). Some conservation areas in 
Indonesia, including national parks, have a positive 
contribution in ecotourism development at national and 
international levels (Lucyanti 2013), such as Mount Rinjani 
National Park (MRNP) on Lombok Island, West Nusa 
Tenggara, Indonesia.  

Ecotourism is purposeful travel to natural areas to 
understand the culture and natural history of the 
environment, taking care not to alter the integrity of the 
ecosystem, while producing economic opportunities that 
make the conservation of natural resources beneficial to 
local people (Honey 1999). The Quebec Declaration on 
Ecotourism (UNEP 2002) defined ecotourism is mainly 
based on the special object of history, culture, and natural 
environment. Ecotourism offers a responsible approach, 
orientated to the conservation of nature and environment 
and sustainable tourism (Wight 1993). Ecotourism is now 
defined as responsible travel to natural areas that conserves 
the environment, sustains the well-being of the local 
people, and involves interpretation and education (TIES 
2015). Unlike the mass tourism, ecotourism has criteria as 

follow: (i) Activity of tourism is undertaken in natural 
areas that are less disturbed; (ii) Impact of tourism activity 
can be minimized; (iii) Natural heritage and cultural can be 
maintained; (iv) Local people participate actively and get 
benefit from ecotourism; (v) Benefit from ecotourism can 
support the sustainable development; (vi) Tourists 
experience natural education and culture. When principles 
of ecotourism, including carrying capacity or number of 
tourists, have not been properly considered, environmental 
and biodiversity conservation may be disturbed (Arifin 
1990; Lagmoj et al. 2013; Lucyanti et al. 2013; Masum et 
al. 2013; Romadhon et al. 2014).  

However, recreation activities can cause impact to 
resource elements in wilderness ecosystem such as soil, 
vegetation, wildlife, and water are four primary 
components affected (Leung and Marion 2000; Lone et al. 
2013). Tourism activities can create various negative 
impacts on the surrounding environment because increased 
human interference in ecologically areas can cause an 
irreversible change in existing ecological processes which 
can be reflected in degraded natural resources, vegetation 
structure and the size of habitat patch, increased 
deforestation and decreased upstream water flows 
(Bunruamkaew and Muruyama 2012). The high number of 
visitors ignites the occurrence of disturbance on 
environment ecosystem in ecotourism area and causes its 
quality decrease, irritated or polluted, then ecotourism 
environment attraction would degrade, and esthetic value 
would decrease (Gunn 1994). Habitat modification could 
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happen in some forms such as coverage changes due to 
opened tree canopy for trekking trail, occurred barrier for 
wildlife animal movement, strange and new sound and 
scent, fire and fume, entered pests and diseases, decreased 
or lost of feed resources and water, even the disturbance or 
degraded nesting habitat (Buckley 2004). The movement 
and presence of visitors bring up sensitivity especially to 
the bird species, from time to time, and both seasonally and 
daily (Collins-Kreiner et al. 2013).  

Ecotourism activities on trekking trails to the peak of 
Mount Rinjani and Segara Anak Lake pass into the core 
zone where there is restriction to carry out any activity 
(MRNP 2011) since it can cause impacts to the flora and 
fauna, habitat modification due to tourism facilities 
development, fume and fire from cooking activity, 
disturbance for the animals such as sound and odor, and 
also human presence (Bonita 2010), logging the tree for 
cooking, garbage and erosion in trekking trail (Rai 2010). 
Komunitas Sapu Gunung Indonesia revealed that the 
average waste which is carried from MRNP is as much as 
160.24 tons per year (Purnomo 2016) or about 3 kg/visitor.  

Ecotourism land suitability assessment provides 
information to arrange and manage ecotourism area 
optimally based on its suitability, minimizing the impact of 
ecotourism activities and creating rehabilitation 
effectiveness, preservation, protective, and natural 
resources conservation planning (Bunruamkaew and 
Muruyama 2012), in addition, to enable the effective 
planning and development policy to conduct carrying 
capacity concept (Nugroho et al. 2012). Carrying capacity 
is a useful concept in wildlife and range management, 
where it refers to the number of animals of any species that 
can survive in a given habitat by determining how much 
recreational use can ultimately be accommodated in a park 
or protected area (Manning 2002).  

This paper aims to analyze (i) the land suitability for 
ecotourism based on criteria of tourism object range, land 
use/land cover, zone type, biodiversity range, slope; (ii) 
carrying capacity to determine how many visitors can enjoy 
ecotourism attraction, based on activities type, total area, 
capacity days, and turnover factor.  

MATERIALS AND METHODS  

Study area  
The total area of Mount Rinjani National Park (MRNP), 

West Nusa Tenggara, Indonesia is 41 330 ha (Figure 1). 
The research was conducted at two management resorts of 
MRNP. They were Senaru in Senaru Village, North 
Lombok, and Sembalun in Sembalun Lawang Village, East 
Lombok. The tourists and community enter the MRNP 
generally through the main MRNP gates in these two 
villages, therefore the villages were considered as a 
representative location for this research. The trekking trail 
in MRNP for ecotourism program and activities starts or 
ends through these two gates. The study was carried out on 
October 2014-December 2015. 

The available ecotourism activities were sightseeing/ 
relaxing, trekking, camping, bird watching, orchid 
observation, swimming/bathing, and fishing. Ecotourism 

potencies were Senaru tropical forest trekking trail, 
Sembalun savanna trekking trail, the peak of Mount 
Rinjani for bird watching or orchid observation, Segara 
Anak Lake, Aiq Keleq, and Kokok Puteq for water scenes 
or hot spring, and some caves such Goa Susu, Goa Manik, 
and Goa Payung for cave tourism. 

On Sembalun resort ecotourism area, there was flora 
which was categorized based on two ecosystem types, 
namely sub-montana (800-1500 m asl.) and montana 
(>2000 m asl.). On open forest or savanna in Sembalun, the 
flora found were 68 species of 31 identified family and 7 
unidentified species, among others Ardisia humilis 
(bersang), Antidesma bunius (burne), Erythrina variegata 
(dadap), Toddalia asiatica (jeliti), Rubus moluccanus 
(kalamunting), Acer niveum (kalibambang), Mangifera 
longipetiolata (mangga hutan), Artocarpus integra 
(nangka), Duabanga moluccana (rajumas) and Syzygium 
racemosum (wah/klokos gunung) in Pemantauan Forest; 
other species, such as Ficus benjamina (beringin), 
Dysoxylum hexandrum (garu), Leucosyke capitellata 
(kelempeak), Maesa ramentacea (senak) in Bawaknao 
Forest, and Casuarina junghuhniana (cemara gunung) 
along the trekking trail to Pelawangan Sembalun. 
Engelhardia spicata (bakbakan) was found almost in every 
mountain slope and height (MRNP 2014). Meanwhile, the 
fauna found were nectarivora birds along with other bird 
species on the trekking trail to Pelawangan Sembalun up to 
Segara Anak Lake. These birds were around the Wallacea 
area and were representatives of certain area such as 
Nectarinia jugularis (burung madu Sriganti/kejiwit) of 
oriental area, Lichmera lombokia (burung isap madu 
Lombok/kecial kebrus) the endemic birds in Nusa 
Tenggara, and Lichmera indistincta (burung madu 
Australia/kenjalikan) of Australasia area, and other birds 
species were Zosterops chloris (kacamata laut), Zosterops 
montanus (kacamata gunung), Lonchura punctulata 
(Bondol peking), Elanus caeruleus (elang tikus), and 
Haliastur indus (elang bondol) (MRNP 2012).  

On Senaru resort ecotourism area, several plants were 
found, such as, Clerodendrum japonicum (api-api), 
Syzygium littorale (lungsir), Ardisia lurida (kosok), Ficus 
sp. (sukel odong), Laportea stimulans (jelateng), Ziziphus 
angustifolius (kunyitan), Pterospermum javanicum (bayur), 
Aglaia cucullata (bangsal), Dracontomelon dao (dao), and 
Rourea mimosoides (melak daun). The trail from 
Pelawangan Senaru to Segara Anak Lake was rocky open 
land and consisted of mostly casuarinas mountain tree 
which grew sporadically. The fauna on the Senaru trekking 
trail was with potency of lowland tropical forest, montane 
tropical forest and wildlife special to the birds, and 22 
endemic species were found, with 7 protected species, 2 
critically endangered species, 5 vulnerable species, among 
others Lichmera lombokia (isap madu), Trachypithecus 
aurattus cristatus (lutung), Macaca fascicularis (monyet 
abu-abu), Sus scrofa (babi hutan), Rollulus (puyuh), 
Paradoxurus (musang), Rattus rattus (tikus), Philemon 
(koakiau), Zoothera (punglor kepala hitam), Gallus (ayam 
hutan), and some other species such as pigeon (merpati 
hutan), eagle (elang bondol), frog (kodok), lizard (kadal) 
and snake (ular tanah) (MRNP 2015).  
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Figure 1. Location of Mount Rinjani National Park, Lombok Island, West Nusa Tenggara, Indonesia. 116º21'30"-116º34'15"E and 
8º18'18"-8º32'19"S. (Google Map 2015, Ministry of Forestry 2011) 
 
 
 
 
Data collection 

The data are focused on the physical environmental 
aspect on MRNP. The primary data were collected by 
survey using a questionnaire to the tourists as respondents 
and by conducting depth interview with a number of key 
informants. The tourists who became respondents were 50 
non-local tourists and 50 local tourists, and total 
respondents were 100 respondents who had finished the 
trekking trail in MRNP and had experienced the MRNP 
ecotourism. The key informants were from MRNP Official 
Management Office. The survey questionnaire was aimed 
to get the information about the tourism activity types in 
MRNP ecotourism. The other primary data was gathered 
from observation on the field or ecotourism area. The 
observation on the location of ecotourism was aimed to get 
information on the ecotourism area condition, ecotourism 
object range, and land use or land cover. The area 
information of each tourism activity points was collected 
by using a Global Positioning System (GPS) receiver to 
make sure the area measure which was used for ecotourism 
and tourists activities. This measure determined the 
carrying capacity for MRNP ecotourism. The depth 
interview was carried out to the staffs and responsible 
persons for ecotourism management in MRNP official 
management office. The depth interview aimed to assure 
the actual biophysics dimension condition.  

The secondary data were obtained from the literature 
review of several sources and documents such as previous 
research, official and unpublished documents, websites. 
They were general management plan of the national park, 
zoning map and type, biodiversity range, area ecotourism 
slope, ecotourism trekking trail map and ecotourism object 
attraction.  

Data analysis 
Land suitability for ecotourism 

Land suitability for ecotourism of biophysical land 
ecosystems were analyzed based on their characteristics 
(Table 1), which consisted of landscapes or naturalness 
(scenery, land use/land cover), wildlife (preservation/ 
protection, biodiversity), topography (elevation, slope) 
(Bunruamkaew and Muruyama 2012; Nugroho et al. 2012). 
Based on those criteria, for easier representation, these four 
classes follow the structure of the FAO (1976) suitability 
classification (Bunruamkaew and Muruyama 2012; 
Nugroho et al. 2012), the land suitability for ecotourism are 
classified into 4 rating classes, namely rating 4 ranked as 
highly suitable, rating 3 ranked as moderately suitable, 
rating 2 ranked as marginally suitable, rating 1 ranked as 
not suitable. The highly suitable is the suitable capacity of 
locations with highly satisfying criteria set up. The 
moderately suitable is the suitable capacity of locations 
with mostly satisfying criteria set up, but some criteria are 
not satisfying. The marginally suitable is the suitable 
capacity of locations with satisfying criteria set up, but 
most of them are disappointing. The not suitable assumes 
that all of the criteria are disappointing. Determining and 
classifying the type of land use and land cover follow the 
standards prescribed, but with some modifications, (Table 
2) by Bunruamkaew (2012) and Nugroho et al. (2012). The 
analysis was conducted by categorizing the data of 
different sites into the factor ratings according to criteria 
established which was, thus, identified as the best potential 
area for ecotourism. This land suitability assessment for all 
dimensions using Liebig minimum law where the limiting 
factors are the minimum rating and may become an 
obstacle in other factors development (Odum 1996). 
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Therefore, the selected ratings to be used as the final rating 
are the smallest ones. 

Tourism attraction factor is considered as the 
ecotourism objects which are the primary factor to develop 
ecotourism and to attract visitors to come. The more 
ecotourism object attractions exist in the area, the more 
suitable that area to be developed for ecotourism. 
Furthermore, the closer the area to ecotourism objects, the 
more suitable that area for ecotourism (Bunruamkaew 
2012; Nugroho et al. 2012). Land use/land cover is 
classified into 10 classes according to biophysical 
vegetation characteristics of ecotourism potential resource 
(Bunruamkaew 2012; Nugroho et al. 2012). The 
reservation/protection factor was classified by the type of 
protected areas which are suitable for habitat and wildlife 
abundance with regards to a wildlife reserve, rare species 
and newly found species (Bunruamkaew 2012; Nugroho et 
al. 2012). Species diversity factor was evaluated by using 
the range in the meter to identify the suitability of the land 
for ecotourism because the tourists of an ecotourism tend to 
seek out spectacular and remote environments during the 
journey to the earth's most diversity-rich and often the most 
fragile (Nugroho et al. 2012). Topography factor was 
determined by the height of the slope level in the region, 
the level of suitability for ecotourism is lower 
(Bunruamkaew 2012; Nugroho et al. 2012). 

Carrying capacity analysis 
The carrying capacity of a region is a certain physical 

capacity of an area to receive tourists or travelers at 
maximum amount that they can have the advantage of an 
area without causing a decrease environment quality 
(Soemarwoto 2004). The following equation for the 
carrying capacity is developed by Douglas (1982):  
 

AR =  
 
Where:  

AR = area required per activity (sq.ft)  
D = demand (total demand per activity)  
A = area per person (sq.ft)  
CD = capacity day per year  
TF = turnover factor 
43,560 = constant  (Douglass 1982) 
 
  
Capacity days are counted based on the closed season 

of MRNP for three months in January until March, and low 
season on April until Mei and November, which consist of 
total 26 weeks. One year is 52 weeks, and then 52 weeks 
minus 26 weeks of the closed season and low season equals 
26 weeks. The weekend consists of Saturday and Sunday 
and there were 26 weeks so that the result will be 52 days 
of the weekend. Weekend days plus National days off 
results19 days per year. National days off on closed season 
are 4 days from January until March and 4 days on April-
May-November. So, the total national days off is 11 days 
(19-8=11). Total days off are 52 days plus 11 national days 
off equal 63 days. Total open day of TNGR are 26 weeks 

or 182 days, so, 128 days minus total days off of 63 days 
equals 119. Capacity Days of TNGR are 119 days.  

Turnover Factor refers to the Douglass formula (1982) 
which is based on activities practiced by ecotourists namely 
camping TF = 1.0; swimming/bathing TF = 1.5; boating TF 
= 2.0; and sightseeing, rest or relaxing proxy of picnicking 
or recreating TF = 1.5, and fishing TF = 1.0. Standard of 
space needed by every tourist on every activity refers to 
Douglas (1982) formula, namely camping: 907 feet², 
swimming/bathing: 544 feet², boating: 302 feet², 
sightseeing/rest/relaxing: 726 feet², and fishing: 21.53 feet².  

RESULTS AND DISCUSSION 

Land suitability for ecotourism analysis  
Ecotourism of MRNP utilizes Mount Rinjani landscape, 

its mountains, and hills as its ecotourism appeals. The 
tourists like to traverse to the summit of Mount Rinjani at 
3,726 above sea level. High elevation areas generally 
attract a lot of tourists to visit, because there are usually 
attractive and beautiful scenery and landscape. Topography 
in high elevation area is one of the most important 
dimensions of attractiveness in the landscape, scenic 
potential or the topographic attractiveness for tourism 
(Bunruamkaew 2012). On the other hand, from its 
geological structure, MRNP has critical land areas and 
vulnerable to the landscape changes. The land is already 
sensitive to every single change and will become more 
open. It will reduce the land ability to absorb, capture and 
store water, as well as to be easy of having erosion and 
landslide, and the flora fauna habitat will be degraded, and 
the species will fade away. However, due to wildlife and 
biodiversity protection in the national park, the elevation is 
considered as a fragile and vulnerable area that should be 
protected. Therefore, using certain zone for ecotourism 
activities in MRNP which follow the increasing travel 
demand (Table 5) without any assessment of land 
suitability for ecotourism and carrying capacity analysis is 
very risky, because its landscape is highly susceptible to 
changes. Increasing tourist on the vulnerable ecosystem 
will cause environment degradation and biodiversity loss, 
environment contamination due to plastic or canned 
garbage, and other waste (Masum et al. 2013).  

The process of carrying capacity analysis is, first, to 
analyze the sensitivity of the area (Soemarwoto 2004). The 
area with fragile ecosystem is not recommended for 
tourism activities (Soemarwoto 2004). Important variables 
often used for tourism area are basic physical or land 
capability characteristics (Muhamad 2013). Thus the 
assessment of land suitability for ecotourism will provide 
information to plan, arrange or manage the development of 
ecotourism area optimally, minimize the impact of 
ecotourism activities, create rehabilitation effectiveness, 
preservation, protective, and natural resources conservation 
planning (Bunruamkaew and Muruyama 2012), in addition, 
it enables the effective planning and development policy to 
conduct carrying capacity concept (Nugroho et al. 2012).  

Physical environment or land suitability for ecotourism 
can be seen in Table 6. Reviewing from landscape or 
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naturalness, ecotourism objects aspects, almost all MRNP 
ecotourism activity points got rating 4 or highly suitable for 
ecotourism, except on Senaru and Sembalun gates/Jebag 
Gawah, on extra Post Senaru and Sembalun, on Demplot 
and Cemara Lima. The ecotourism area was on the 
boundary of MRNP core zone without any border to buffer 
zones. Core zone has natural conditions, both biota and 
physical pristine where any human activity is prohibited 
due to the protection and preservation of animal or plant 
habitat for certain priority or endemic cause or typical 
species. The MRNP ecotourism activities on ecotourism 
tourist activities areas which were closed were flora and 
fauna or biodiversity, landscape, volcanoes, mountains, 
hills, water body, lake and other ecotourism objects. In 
addition, Post 1 Pemantauan, Post 2 Tengengean and Post 3 
Pada Balong in Sembalun got rating 4 because there were 
ecotourism attractions, namely savanna, orchids and bird 
watching. Pelawangan Sembalun got rating 4 because the 
tourists can have a great sightseeing of MRNP landscape of 
volcanoes, mountains, hills, lake and others. The tourists 
prefer extraordinaire nature and exceptional environment 
which are in a secluded area with the richest biodiversity in 
the world and often fragile. One of the main appeal and 
attractive ecotourism is the observation of wildlife in its 
natural habitat (Bunruamkaew 2012). Activities suggested 
for these areas include education and research activities 
related to travel and trekking for a limited number of 
tourists (Yaakup et al. 2006). The data used were from 
observation and interview.  

Reviewing from landscape or naturalness, land use or 
land cover aspects, all MRNP ecotourism activity points in 
Sembalun got rating 3 or moderately suitable for 
ecotourism, because it was in open forest or savanna. Some 
parts in Senaru got rating 4 or highly suitable because it 
was in the dense forest, some other points got rating 3, 
because it was in open forest or water body. The data 
which were used in this evaluation were from observation 
and interview. 

Reviewing from wildlife dimensions, preservation/ 
protection aspects, zoning classification goal is to minimize 
negative impacts on the environment or national park areas 
which are vulnerable and fragile. All MRNP ecotourism 
activity points got rating 4 or highly suitable for ecotourism 
because all ecotourism points were located in the utilization 
zone. The data used were from zoning map and interview. 
Visitor impact threats to compromise wilderness 
management mandates for preserving and sustaining high-
quality natural environments and recreational experiences. 
The principal goal for managing wilderness visitation is to 
avoid avoidable impacts and to minimize irreversible 
negative impact. To achieve this goal, wilderness managers 
must effectively educate and regulate visitors and manage 
wilderness resources (Leung and Marion 2000). Increased 
numbers of tourist can have direct and indirect impacts on 
ecosystems and cultures of local people that may not be 
biologically or socially sustainable (Winterbach et al. 
2015). Drumm et al. (2004) elaborated that most protected 
areas provide two or more types of public use zones, they 
are intensive use zones which are enabled to accept most of 
the high impacts, where most visitors are concentrated, and 

extensive use zones which are enable only to accept lower 
impacts, which usually are designed for trail-oriented 
visitor use. Meanwhile, other zones usually set aside on 
parts of the protected area as “untouchable” zones where 
very little or no public use occurs, either due to remoteness 
or resource fragility (Drumm et al. 2004). Actually, the 
zoning scheme can be used to apply the rules and 
regulation for each zone, including visitor-use level range, 
to provide a wide spectrum of visitor activities, from 
intensive use where higher visitor encounters, into lower 
use where infrequent visitor encounters (Drumm et al. 
2004; Nugroho et al. 2012). Management of rules, 
regulations, and policies should be created and 
communicated effectively to visitors so that they 
understand the "ground rules" (Drumm et al. 2004). 

Reviewing from wildlife dimensions and species 
diversity, MRNP ecotourism activity points got rating 4 or 
highly suitable for ecotourism because all ecotourism 
points were close to the flora and fauna habitat. Nugroho et 
al. (2012) evaluated species diversity factor by using the 
range in the meter to identify land suitability for 
ecotourism because the tourists of ecotourism tend to seek 
out spectacular and remote environments during the 
journey to the earth's most diversity-rich and often the most 
fragile. The reasons were that the tourists are eager to 
search the new experience in a remote area which has 
uniqueness, pristine area and they can observe wildlife in 
its natural state in protection of biodiversity such as natural 
habitat, particularly while animals were foraging, 
inhabiting nesting sites or caring their young (Nugroho et 
al. 2012). Therefore it should be feasible to become an 
ecotourism area where it was closer to the area where key 
species could be found in the region. Thus Yakuup et al. 
(2006) determined land suitability for ecotourism on 
habitat area and endangered species factors by using ranges 
from river or buffer zone (Yakuup et al. 2006). Meanwhile, 
Bunruamkaew (2012) researched that species diversity 
factor was classified from the number of recorded species 
(mammals, birds, reptiles, and amphibians) in order to 
consider wildlife population abundance in the area in Surat 
Thani wildlife areas with percentage classification 
(Bunruamkaew 2012). Due to the abundance of wildlife 
and the presence of charismatic species, some areas are 
best suited to wildlife tourism aerial survey data to estimate 
wildlife biomass and diversity to determine tourism 
potential (Winterbach et al. 2015). Although, there is a high 
correlation between a number of birds and their minimal 
distance from visitors and the number of visitors, not only 
maximum total visitors at the bird watching tower or post, 
it should be determined the minimal distance between 
visitors and birds or animals (Collins-Kreiner et al. 2013). 
The data which were used in this evaluation were from 
documents of MRNP and interview.  

Reviewing from topography dimensions, Post 3 of Pada 
Balong, Extra post of Sembalun, Pelawangan 2 Sembalun, 
Demplot Senaru and Cemara Lima Senaru got Rating 2 or 
marginally suitable, while the Peak of Mount Rinjani and 
Pelawangan Senaru got Rating 1 or not suitable. According 
to Bunruamkaew (2012), the topography is the most important 
dimension of the attractiveness of the landscape. Potential
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Tabel 1. Criteria and benchmark for suitability analysis of physical environmental aspect, classifications and rating factor 
 

Criteria Annotation/Benchmark  Unit Factor rating Data Sub aspect level 1 Sub aspect level 2 4 3 2 1
Landscape/Naturalness Ecotourism objects 

attraction 
The closer to the ecotourism objects in the region, 
the level of suitability for ecotourism is higher 

Range 
(m) 

0-500 500-1000 1000-
1500 

>1500 Observation, 
interview 

 Land use/cover The more primary forest land cover in the region, 
the level of suitability for ecotourism is higher  

Class High Moderate Marginal None Observation, 
interview 

Wildlife Preservation/protection The higher the status of wildlife protection in the 
region, the level of suitability for ecotourism is 
lower 

Zone 
type 

Utilizing 
zone 

Rehabilitation 
zone 

Forest 
zone 

Core 
zone 

Zoning map, 
interview 

 Species diversity The closer to an area where key species can be 
found, the level of suitability for ecotourism is 
higher 

Range 
(m) 

0-500  500-1000  1000-
1500  

>1500 Survey report, 
interview 

Topography Slope The higher the slope level in the region, the level 
of suitability for ecotourism is lower  

Degree 0-5% 5-25% 25-35% >35% Biophysical 
report, interview 

Source: After Bunruamkaew (2012) Nugroho et al. (2012) modified 
 
 
 
 

 
Tabel 2. Land use and land cover 
 
LULC Type LULC Suitability Category Rating 
Dense forest Highly importance for ecotourism can serve as major ecotourist as well as general tourist. Highly Suitable 4 
Open forest Very important for ecotourism, area needs to be managed and conserved properly to attract eco-tourist as well as general tourist Moderately Suitable 3 
Orchard Highly importance for agro-tourism can serve as main ecotourism attraction Moderately Suitable 3 
Water body Active recreation as boating, parks and natural zoological parks Moderately Suitable 3 
Plantation Should be properly monitored and protected from any encroachment  Marginally Suitable 2 
Crop land and farm land The area under agriculture and farm should not be converted to other schemes. Any infrastructure development should be 

restricted.  
Marginally Suitable 2 

Urban and built-up land Suitable for eco-tourist infrastructure development Not Suitable 1 
Degraded forest Need to be managed, properly with possibilities of new plantations. Important from medicinal plantations and agroforestry 

scheme  
Not Suitable 1 

Miscellaneous land -do- Not Suitable 1 
Source: Bunruamkaew (2012), Nugroho et al. (2012) 
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Table 5. Total tourist coming to Senaru and Sembalun Resort of Mount Rinjani National Park, West Nusa Tenggara, Indonesia 
 

Resort Tourist Year 
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Senaru International 1,027 1,351 1,483 1,744 2,652 6,974 3,588 3,777 4,835 6,247 10,103 
 Regional 539 391 502 681 600 458 375 637 705 506 1,510 
Sembalun International 1,007 1,465 1,721 2,208 3,390 1,481 4,876 4,223 4,391 8,216 12,282 
 Regional 1,328 2,008 1,469 1,427 1,827 1,210 1,952 3,668 4,593 7,974 20,217 
Total International 2,034 2,816 3,386 4,452 6,506 9,172 9,368 8,778 5,540 14,463 22,385 
 Regional 3,596 6,724 5,953 5,065 4,885 3,584 4,588 6,252 8,984 8,480 21,727 
Source: MRNP (2014, 2015) 
 
 
Table 6. Rating based on land suitability for ecotourism category in Mount Rinjani National Park, West Nusa Tenggara, Indonesia 
 

Location/Post (m asl) 
Tourism 

Object (m) Land use/land cover Preservation & 
protection (zone type) Biodiversity (m) Slope (%) Final

Rating Category 
Range Rating Land cover Rating Zone Rating Range Rating Slope Rating 

Sembalun              
Gate (A,D) 1 150  500-1000 3 Open forest  3 Utilizing 4 500-1000  3 15 3 3 Moderately Suitable 
Post 1 Pemantuan (A,D) 1 432  0-500 4 Open forest 3 Utilizing 4 0-500  4 15 3 3 Moderately Suitable 
Post 2 Tengengean (A,D) 1 523 0-500 4 Open forest 3 Utilizing 4 0-500  4 15 3 3 Moderately Suitable 
Post 3 Pada Balong (A,D) 1 807 0-500 4 Open forest 3 Utilizing 4 0-500 4 30 2 2 Marginally suitable 
Extra Post (A,D) 1 807 500-1000 3 Open forest 3 Utilizing 4 1500-2000  2 30 2 2 Marginally suitable 
Pelawangan 2 (A,D) 2 708 0-500 4 Open forest 3 Utilizing 4 0-500  4 35 2 2 Marginally suitable 
Peak (A) 3 726 0-500 4 Open forest 3 Utilizing 4 0-500  4 40 1 1 Not suitable 
Bird watching Post 2/Post 3 (B) 1 807 0-500 4 Open forest 3 Utilizing 4 0-500  4 20 3 3 Moderately Suitable 
Orchid observation Post 2/Post 3 (C) 1 807 0-500 4 Open forest 3 Utilizing 4 0-500  4 20 3 3 Moderately Suitable 
 
Senaru             

Gate: Jebag Gawah (A,D) 600 500-1000 3 Dense forest 4 Utilizing 4 500-1000  3 10 3 3 Moderately Suitable 
Post 1 Jebag Gawah (A) 750 0-500 4 Dense forest 4 Utilizing 4 0-500  4 15 3 3 Moderately Suitable 
Extra Post of 1 500 500-1000 3 Dense forest 4 Utilizing 4 500-1000  3 15 3 3 Moderately Suitable 
Post 2 Montong Satas (A,D) 1 500 0-500 4 Dense forest 4 Utilizing 4 0-500  4 15 3 3 Moderately Suitable 
Post 3 Mondokon Lolak (A,D) 2 000 0-500 4 Dense forest 4 Utilizing 4 0-500  4 20 3 3 Moderately Suitable 
Demplot (A,D) 2 500 500-1000 3 Open forest 3 Utilizing 4 1000-1500  2 26 2 2 Marginally suitable 
Cemara Lima (A,D) 2 500 500-1000 3 Open forest 3 Utilizing 4 500-1000  3 35 2 2 Marginally suitable 
Pelawangan 1 (A,D) 2 641 0-500 4 Open forest 3 Utilizing 4 0-500  4 40 1 1 Not suitable 
Batu Ceper (A,D) 2 100 0-500 4 Water body 3 Utilizing 4 0-500  4 15 3 3 Moderately Suitable 
Quai Danau Segara Anak (A,D, E) 2 100 0-500 4 Water body 3 Utilizing 4 0-500 4 20 3 3 Moderately Suitable 
Geyser Aik Keleq (F) 2 100 0-500 4 Water body 3 Utilizing 4 0-500  4 15 3 3 Moderately Suitable 
Note: A: Sightseeing, relaxing, B: Bird watching, C: Orchid observation, D: Camping, E: Fishing, F: Swimming, bathing. Source: Observation, MRNP (2000), MRNP (2011) 
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landscape view or topography appeal for ecotourists. 
However, due to the protection of wildlife and biodiversity 
in a national park, this topography factor indicates that this 
area is vulnerable and fragile and needs to be protected. 
The more extreme slope of ecotourism area, the suitability 
for ecotourism is getting smaller. Nonetheless, this slope is 
the visual appeal that can be observed when crossing the 
geographic area or a broad landscape. The complexity of 
the area with certain slope is an important factor in land 
suitability for ecotourism analysis (Bunruamkaew 2012). 
An extreme slope is considered as major attraction in 
ecotourism, especially for travelers who are looking for 
experience in the wild with adrenaline-fueled activities 
(Nugroho 2012). In ecotourism industry development, a 
steep slope is a high risk for ecotourism facilities 
development. The slope is considered as an indicator of 
safety in ecotourism activities. The steeper the slope the 
more dangerous it is. The ecotourism package should 
consider special interest activities there. Conversely the 
more sloping, the safer for tourists. Environment and strong 
ecosystem have a high carrying capacity, such as the 
location of ramps at low altitude and with good soil 
(Muhamad 2013). The sloping ground is not easily eroded, 
and in the case of plant damage, it can be restored. In fact, 
the physical conditions on highlands or mountain with 
sloping ground and low temperatures generally have fragile 
ecosystems and are easily disrupted by the presence of 
tourists (Muhamad 2013). The data used were from 
interview and documents. 

The final result of land suitability for ecotourism 
evaluation is by using the Liebig Law (Odum 1996), where 
the smallest rating will be an obstacle to other factors. It 
showed that there was no rating 4 or highly suitable for 
ecotourism in MRNP. Areas with rating 4 are mainly 
located in the sensitive or vulnerable areas where they can 
serve as the main attractions including the very rich 
potential of ecotourism for nature, endemic and endangered 
flora and fauna species, biological diversity, landscape as 
well as cultural richness. These areas are characterized by 
dense forest and need to be conserved due to their locations 
which were in the protected areas. These areas will be the 
most sensitive and vulnerable, and facilities or buildings 
developed for tourism activities there will treat the natural 
characteristics and can be disastrous. Therefore, it needs 
controllable and limitation of visitors, necessary 
management and control of resources to maintain its 
original condition and to avoid of getting into the areas 
which are susceptible or impressionable sensitive and 
difficult to be rehabilitated (Bunruamkaew and Muruyama 
2012). The tourists can carry out education and research 
activities related to travel and trekking for a limited number 
of tourists (Yaakup et al. 2006; Bunruamkaew and 
Muruyama 2012) with the use of certain limitations and 
guidelines (Bunruamkaew and Muruyama 2012). The 
guideline elaborate in detail to limit the number of tourist 
and duration of access to the areas is the necessary of 
conduct. To preserve most of the biodiversity value, 
ecosystem protection is the first issue for ecotourism 
development in environmentally sensitive or vulnerable 
areas (Bunruamkaew and Muruyama 2012). If people are 

attracted to the most valuable areas too much, this can 
again harm the quality of the areas (Bunruamkaew and 
Muruyama 2012). 

Jebag Gawah gate in Senaru and Sembalun gate gets 
rating 3 or moderately suitable for ecotourism. These areas 
were less sensitive and can be exploited. These areas are 
mainly characterized as very attractive and have the 
recreational potential for ecotourism, such as beautiful 
scenery, spectacular landscape, wildlife abundant and 
different plant communities (Bunruamkaew and Muruyama 
2012). These areas are suitable for tourism development in 
general, and the organizers can control and promote 
tourism using natural resources. Usually, it contains great 
tourism potential with its unique natural resources. Despite 
being in the protected areas, the development of 
appropriate ecotourism activities is in the form of active 
recreations such as boating, parks and natural zoological 
park, for example, in some places of open forest and water 
bodies on MRNP ecotourism. The use of ecotourism 
attraction on those areas may have been considered, 
especially for passive tourism activities such as camping, 
sightseeing, soft trekking, bird watching, and activities with 
very limited development or visiting a specific site for 
educational purpose (Bunruamkaew and Muruyama 2012). 
In this type of ecotourism areas, the organizer is allowed to 
provide ecotourism tourist facilities, and to facilitate the 
development of proper ecotourism and ecofriendly 
infrastructure and services under the policy guidelines. The 
development of ecotourism in this area needs to pay 
attention to ecotourism infrastructure and facilities or 
appropriate services, such as green hotels, eco-lodge, 
restaurants and public convenience facilities which should 
be developed in harmony with local identity and its nature 
(Bunruamkaew and Muruyama 2012). However, the 
construction of some facilities should be done properly for 
ecotourism in order to minimize the impact on the 
environment. Limited tourism activities can be held in this 
zone with a limitation on a number of visitors and facilities 
that can be build in this area (Drumm et al. 2004; Nugroho 
et al. 2012), where visitors can be offered with educational 
and recreational opportunities within a nature environment, 
with medium concentration of visitors.  

Post 3 of Pada Balong, Extra Post of Sembalun and Post 
Pelawangan 2 Sembalun, Demplot and Cemara Lima get 
rating 2 or marginally suitable. They have biophysical 
characteristics which consist of steep slopes and adequate 
distance to the tourism objects or biodiversity richness, so 
they can be considered as ecotourism by incorporating 
appropriate infrastructures and services under the policy 
guidelines (Bunruamkaew and Muruyama 2012). The main 
purpose of these areas is to protect most of the national 
park environments and offer recreational opportunities 
which were characterized by a minimum of environmental 
impact and very few groups’ encounters. In these areas, 
roads, improved trails and permanent visitor’s 
infrastructures, exaggerated tourism activities are forbidden 
(Drumm et al. 2004; Nugroho et al. 2012).  

Pelawangan 1 Senaru and the peak of Mount Rinjani 
get rating 1 or not suitable class, due to its nature and 
fragileness. These areas are intended specifically for 
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protection and preservation of the ecosystems (Drumm et 
al. 2004; Nugroho et al. 2012). Pelawangan 1 Senaru get 
rating 1 or not suitable for ecotourism due to steep slope to 
be used as a camping area. To make this area to be more 
suitable for ecotourism and camping, it needs a workable 
strategy to create it. It is also necessary to review tourist 
management and utilize an appropriate technology that can 
provide ecotourism services. For example, in an area with a 
steep slope which will be used as the camping area, the 
terracing technology or the development of remote 
observation facilities and so forth can be applied. With the 
development of appropriate infrastructure and ecotourism 
services, then the marginally or moderately suitable can be 
developed into highly suitable for ecotourism attraction, 
and it needs appropriate control as well. The peak of Mount 
Rinjani also gets Rating 1 or not suitable for ecotourism 
because of biophysical limitations and that it can aggravate 
the area or degrade the fragile environment. Meanwhile, at 
the peak of Rinjani Mount, there was a potency of erosion 
and slide. This was a high-risk area and may be in poor or 
damage condition. In fact, ecotourism can be classified as a 
threat to the environment because it is generally associated 
with the vulnerable ecology ecotourism attractions (OK 
2006). To have benefited from it, it needs appropriate 
control and intervention with engineering or technology 
that fits or modifies and adds the suitable tour package for 
ecotourism as special interest with a very limited visitor. 
Based on these results, tourist activities should not reach 
the peak with a high slope because of safety and security 
reason. It is therefore recommended to create a new track 
or create attractions which are slightly below the summit so 
that the vulnerable peak of Mount Rinjani is not disturbed 
by human activity. Nevertheless, the summit of Mount 
Rinjani can still be used as points of special interest. An 
extreme slope profile can become a high attraction in 
ecotourism, especially for those who seek experience in 
wild nature and adrenaline activities. On the other hand, in 
term of ecotourism industry development, high slope 
means high risk for facilities and building development. In 
addition, slope as a safety indicator implies the gentler the 
slope, the higher the safety factor and vice versa (Nugroho 
et al. 2012). Slope factor should be treated as safety 
indicator for ecotourism development due to flat landform 
is the most suitable for ecotourism.  

This land suitability assessment needs to deal with 
carrying capacity to prepare management, visitor 
management, and ecotourism marketing strategy. 
Ecotourism management should take the character and 
potential of existing resources from land suitability for 
ecotourism analysis in order to arrange appropriate 
activities and to ensure compatibility between ecotourism 
and the original activities carried out in the area. This 
should include the avoidance of any serious conflict, 
especially in areas that suitable for ecotourism, with other 
forms of tourism, such as zoning in the form of 
conservation zone, buffer zone, rehabilitation zone, which 
should be done not only on protected areas but also on 
areas which are currently not suitable for ecotourism, the 

land having severe limitation that preclude the given type 
of use, can still be improved by specific management 
(Bunruamkaew and Muruyama 2012).  
 
Carrying capacity analysis  

The result of carrying capacity analysis means that for 
every 1 unit of area, some tourists who perform certain 
activities can be accommodated. The carrying capacity is 
calculated based on the activities carried out such as 
sightseeing or relaxing, bird watching, orchid observation, 
camping, and fishing, swimming/bathing. Bird watching 
activities and orchid observation are analogous to 
sightseeing/relaxing, while swimming or bathing activities 
are analogous to soaking in geyser lake. Each ecotourism 
areas can have different carrying capacity for each type of 
ecotourism activities, such as diving, snorkeling, fishing, 
mangrove tours and shore excursions (Romadhon et al. 
2014). Carrying capacity can be developed and modified 
on the three components, namely, the ecological, social and 
economic, by considering the infrastructure and 
management capacity for the various types of tourism 
activities, such as cave sightseeing, adventurous touring, 
the cable car riding, mountain climbing, ecotourism forest 
exploring (Nghi et al. 2007 ).  

Based on carrying capacity calculation, the MRNP 
ecotourism capacity can receive travelers as many as 1,452 
people per day for all ecotourism activities, or total number 
is 172,816 visitors per year. Carrying capacity per day for 
all ecotourism activities in details are 
sightseeing/rest/relaxation is 747 people/day, bird watching 
is 22 people/day, orchid observing is 99 people/day, fishing 
is 54 people/day, and swimming or soaking is 173 
people/day, and camping is 358 people/day. 

To have all MRNP ecotourism experience, it takes 
minimal one night. Thus the total carrying capacity for 
camping activities is 42,525 people per year, and it was 
smaller than the number of tourists coming into MRNP in 
2014 which was 44,112 people for overnight or camping 
purpose. The total number of tourists consisted of 22,385 
of international tourists, and 21,727 of local tourists. If one 
tent is occupied by three people, then the carrying capacity 
for the establishment of tents will be 119 tents. Based on 
interviews, recently, that number had reached about 300 
tents. Therefore the number of tents in the MRNP 
ecotourism camping area currently has exceeded the 
number of tents that resulted from the analysis of the 
carrying capacity. It revealed that ecotourism of MRNP 
had exceeded its carrying capacity to overnight.   

The largest proportion activities based on carrying 
capacity of ecotourism area was sightseeing or relaxing at 
51%, followed by camping, and swimming or bathing. 
Orchid observation and bird watching had smaller 
proportion due to the limited area provided for both 
activities. Meanwhile, the smallest proportion was bird 
watching at 1.55%. Ecotourism activities should be carried 
out simultaneously with the camping activities in an 
integrated tourism package in such a vast area of 
ecotourism activities. 
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Table 7 Carrying capacity for every ecotourism activity in Mount Rinjani National Park, West Nusa Tenggara, Indonesia 
 

Activities Area (m2) AR 
(acre) 

Standard 
(sq. ft) 

Capacity 
days 

(days)

Turnover 
factor 

Carrying 
capacity 

(person/year) 

Carrying 
capacity 

(person/day) 

Proportion 
(%) 

 
Sightseeing/relaxing 33 572.00 8.30 726.00 119.00 1.50 88,848 747 51.41 
Bird watching  1 010.00 0.25 726.00 119.00 1.50 2,673 22 1.55 
Orchid observation  4 470.00 1.10 726.00 119.00 1.50 11,830 99 6.85 
Camping 30 112.00 7.44 907.00 119.00 1.00 42,525 357 24.61 
Fishing 645.00 0.16 129.17 119.00 1.00 6,396 54 3.70 
Swimming/bathing 300.00 0.07 28.06 119.00 1.50 20,544 173 11.89 

 
 
 
 
According to Douglass (1982), certain tourist areas 

have certain ability to accommodate tourists. The 
environmental carrying capacity of the natural attractions is 
the ability of an area to receive tourists expressed in the 
number of tourists per unit area per unit time (Soemarwoto 
2004). Thus, if the number of visitors, as the tolerant limit 
and tourist flexible capacity or optimal acceptance to do 
some tourism activities, could be managed in accordance 
with the type of activities and characteristics of the land 
used for ecotourism, then the quality of the biophysical 
environment for flora and fauna habitat, the quality of 
tourist’s experience, satisfaction and comfort can be 
continuously maintained as well. Tourism carrying 
capacity is the highest bearing capacity of a natural, 
environmental and socio-economic system within which 
the maximum number of tourists has no influence on the 
sustainable development of the entire system and tourists' 
satisfaction is remained during the peak tourism period 
(Nghi et al. 2007). Carrying capacity approach can be 
defined as optimal tourist number who are able to carry out 
certain activities on certain area which related to certain 
level tourist number on that area, meanwhile economic 
approach can be defined as the ability of an area to accept 
certain number of tourist without losing their local 
activities and benefit by local service ecotourism 
development (Chougule 2011). Ecology system will 
degrade when tourist demand number exceeds carrying 
capacity, therefore tourism demand should be in the 
balance with its carrying capacity for ecotourism 
sustainability (Lee 2011). Tourism object which is 
managed by appropriate carrying capacity approach and 
with maximum tourist number who can be accepted in the 
tourism area will reduce negative impact especially to the 
environment biophysics (Lucyanti et al. 2013). Meanwhile, 
there is cyclical interaction between visitors and animals, 
especially birds, as the number of visitors increases when 
more birds are present, but as the number of visitors 
increases, the number of birds decrease and their minimum 
distance from the visitor's increases (Collins-Kreiner et al. 
2013).  

On the MRNP ecotourism trail trek, especially on 
Sembalun, there were Wallacea species birds which 
represented oriental, Australasia and endemic birds due to 
the woof, land covered by vegetation and altitude (MRNP 
2012). The MRNP forest ecosystem can be categorized as 

unique since it is part of Sunda Kecil eco-region 
archipelago, between Asia and Australia namely Wallacea 
sub-mountain, mountain, semi-monsoon and Savanna 
which is really vulnerable and fragile (MRNP 2014) from 
time to time, biodiversity, various vegetation with special 
structure and pattern will differ, especially with human 
activities. Therefore, ecotourism management for 
preservation and protection purpose by using carrying 
capacity and visitor management approach was needed. It 
was already clear that both core zone and wilderness zone 
were addressed to be biodiversity preservation and 
protection area. Even, in the core zone which is actually a 
nature area without any touch and any changes, the 
organizer is only allowed to have activities for certain 
interest such as research and science development, 
conservation education and cultivation since it is really 
vulnerable and fragile to disturbance and changes. 
Meanwhile, wilderness zone was habitat and exploring the 
area, migrant habitat area, a breeding area which supports 
core zone and utilization zone, with the allowance on 
research and science development, conservation education, 
cultivation and limited tourism purpose.  

Visitor management is an important and critical step in 
an ecotourism management; even open nature tourism is 
actually a visitor management (Arifin 1990). Visitor 
management strategy are such as the development of travel 
packages for special interest, interpretative or educational 
program, visitors circulation, visitor management 
infrastructure, carrying capacity for certain ecotourism 
activities in core, wilderness and utilizing zone, and 
average total visit time or capacity days in 
weekday/weekend/vacation, trained and certified guide, 
etc. (Lindberg and Hawkins 1993, Spenceley et al. 2015). 
Visitor circulation is needed to provide a connecting path 
between posts or tourist activities area. This path is a trek 
trail to Mount Rinjani and is located in core and wilderness 
zones of MRNP where there is a restriction to held 
activities. The length of the trekking trail is about 9.6 km 
from Post 1 Jebag Gawah in Senaru to Segara Anak Lake, 
and 10.9 km from post 1 Pemantauan in Sembalun to 
Segara Anak Lake and the peak of Mount Rinjani. The 
trekking trail needs to be printed on the official map and in 
the trekking rules and guidance since only trekking can be 
done there. Thus the visitors, community, guide or porters 
will not enter the core and wilderness zone. On the trekking 
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trail, it is forbidden to carry out activities except that it 
functions as access to pass by only. Based on the trekking 
trail technical condition and mountain trekking 
management, the trekking trail width is 3 m maximum 
(Dirjen KSDAE 2015). The trekking trail is generally so 
narrow that only one person can pass it at one time.  

In summary, the final result of the land suitability for 
ecotourism analysis showed that the MRNP ecotourism 
was applied on the moderately or marginally suitable land 
for ecotourism, except in Pelawangan Senaru and the Peak 
of Mount Rinjani due to its slope aspect, sensitive and 
fragile area, and its biophysical limitation which could 
aggravate the area or degrade the fragile environment. 
Meanwhile, carrying capacity calculation showed the 
MRNP ecotourism capacity could accept visitors as many 
as 1,452 people per day or 172,816 visitors per year for all 
ecotourism activities. Total carrying capacity for camping 
was 42,525 people per year which were smaller than the 
number of tourists coming into MRNP in 2014 which was 
44,112 people for overnight or camping purpose. It 
revealed as well the number of tents in the MRNP 
ecotourism camping area which was around 300 tents per 
day which currently has exceeded the possible 
establishment tents of around 119 tents, each contained of 
three people. To implement ecotourism management based 
on this result, there are three recommendations, namely 
public awareness, information, and education; appropriate 
and ecofriendly infrastructure; visitor regulation and 
control.  
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Abstract. Ahmad B, Haneda NF, Robaikah ID. 2016. Short Communication: Effects of felling intensity on Hymenoptera biodiversity in a 
natural production forest in East Kalimantan, Indonesia. Biodiversitas 18: xxxx. Hymenoptera is one of the major components of insect 
biodiversity, where its abundance and diversity contributes to the functioning of the forest ecosystem. Most of the tropical forest in 
Kalimantan island has been logging since 1970. Tree felling is the initial step of logging activity. This activity leads to change 
Hymenoptera diversity. This study analyzes the effects of felling intensity on the Hymenoptera diversity in 100 ha area in a natural 
production forest in East Kalimantan, Indonesia. In this study, the diversity, evenness, and species richness index of Hymenoptera was 
compared before and after felling in three intensities (low, moderate, and high). Insects were collected in 9 purposively located 0.5 ha 
plots using a malaise trap. Three malaise traps were set in each plot The results showed that the timber felling tends to decrease the 
abundance of Hymenoptera. Diversity and species richness of Hymenoptera will decline in moderate and high felling intensity, whereas 
evenness index of Hymenoptera unchanged at three felling intensities. The composition of morphospecies of Hymenoptera was changed 
after tree felling with high intensity. The results of the study suggest that minimizing the felling intensity may reduce disruption of 
insect habitat in natural production forest in East Kalimantan, Indonesia.   

Keywords: Biodiversity, felling intensity, Hymenoptera, natural production forest  

INTRODUCTION 

Tree felling is a part of forest harvesting and a critical 
activity of forest harvesting that determines the initial 
damage of forests since this activity has impacts on the 
residual stands, soil, water and wildlife (Session 
2007). One of the wildlife that will be disturbed by tree 
felling is the insect groups. Hymenoptera is one of the four 
largest orders of insects. Some groups of hymenopteran 
insects such as ants, bees, and parasitoids play an important 
role in forest ecosystems (Yaherwandi et al. 2006). In 
addition, some species of insects have the potential to be 
used as biological indicators for the assessment of ecosystem 
changes (Jurzenski et al. 2012; Wicaksono et al. 2011).  

The effects of forest harvesting on wildlife vary, 
depending on the intensity of harvesting (Medjibe et al. 
2011). Wilson and Wilson (1975) reported that felling 
intensity of 8-10 trees ha-1 caused relatively small changes 
in primate populations. Meanwhile, Johns (1983) found 
that felling intensity of about 18 trees ha-1 led to a 
considerable decrease in primate populations and 
significant damage to the forest. Yoshimura (2012) 
reported that the impacts of forest harvesting on insects are 
a decrease in diversity and abundance of insects and 
disruption to the ecology of the forest ).  

The studies of the impacts of timber harvesting on 
biodiversity were more focused on the biodiversity of flora 

and residual stand (Budiaman and Pradata 2013; 
Macpherson et al. 2010; Putz et al. 2008), while on fauna 
the focus is more on vertebrates, such as mammals 
(Klenner and Sullivan 2009; Sullivan and Sullivan 2012; 
Yamada et al. 2014), birds (Campbell and Witham 2007; 
Holmes 2007), reptile (Semlitsch 2009; Todd and Adrews 
2008). There have not been many studies of the impacts of 
forest harvesting on invertebrates, particularly in the level 
of invertebrate communities (Hawthorne et al. 2011). 
Therefore, the aim of the research was to analyzes the 
effects of timber harvest on the Hymenoptera diversity in a 
natural production forest in East Kalimantan, Indonesia. 

MATERIALS AND METHODS 

Study area 
Fieldwork was conducted in one of the natural 

production forest concessions in Mahakam Ulu District, 
East Kalimantan, Indonesia, in 2016 (Figure 1). The forest 
has been logged using the silvicultural system of the 
Indonesian Selective Cutting and Planting System in 1973. 
The topography of the study area was varied from flat to 
undulating. The study was conducted in a wet climate, and 
the average of monthly rainfall was 312 mm and an 
average temperature of 26.4oC.  
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Figure 1. Research location, Mahakam Ulu District, East Kalimantan, Indonesia 
 
 
 
 

Procedures 
The form of plot applied was a circular plot with an 

area of 0.5 ha plot-1. The plot was purposively placed in a 
felling compartment which covered about 100 hectares. 
The plots were divided into three felling intensity, namely 
low (≤ 5 trees ha-1), moderate (6-10 trees ha-1), and high (> 
10 trees ha-1). The felling intensity was obtained by 
dividing the number of felled trees plot-1 (trees ha-1). In 
each class, three plots were established. The insects were 
collected using a malaise trap. All insects collected were 
identified to morphospecies. The sampling of 
hymenopteran insects was done two days before and after 
the tree felling. The canopy cover, temperature, and air 
humidity were measured two days before and after the 
felling.  

Data analysis 
The species diversity, species richness, and evenness 

index were calculated by (Magguran 1988): H'= -Σ (P ln 
P), P = n.N-1: DMg = (S-1). (ln N)-1; E = H'. (ln S)-1; where 
H' = Shannon-Wiener species diversity index, n = number 
of individuals of each species, N = number of individuals 
of all species, DMg = Margalef species richness index, and 
E = evenness index. The t test was applied to define 
differences in the species abundance at three felling 
intensities. Friedman test was applied to define differences 
in the morphospecies composition of the hymenopteran 
insects before and after felling at the 95% confidence 
level. Pearson’s correlation test was employed to determine 
a correlation between the abundance of hymenopteran 
insects and canopy cover, temperature and air humidity.  

Protected forest 
Limited production forest 
Production forest 
Plantation 
Settlements   
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RESULTS AND DISCUSSION 

Abundance of Hymenoptera 
The tree felling led to the decrease of the abundance of 

hymenopteran insects in three felling intensities, which 
amounted to 11% in low-intensity felling, 25% in 
moderate-intensity felling and 49% in high-intensity felling 
(Figure 2).  

The results of the t test showed that only high-intensity 
felling affected significantly on the abundance of 
hymenopteran insects before and after tree felling (α = 
20%) (Table 1). Based on the Friedman test results, it is 
identified that the morphospecies composition before and 
after felling is not significantly different in low- and 
moderate-intensity felling (p > 0.05), but significantly 
different in the high-intensity felling (Table 2).  

Diversity and evenness index 
The species diversity index of hymenopteran insects 

seemed to increase in the low-intensity felling but 
decreased in the moderate-intensity and high-intensity 
felling (Figure 3). The species richness index of 
hymenopteran insects appeared to have an increase in the 
low-intensity felling but experienced a decrease in the 
moderate-intensity and high-intensity felling (Figure 4). 
The evenness index of hymenopteran insects seemed to 
increase after felling in any felling intensity (Figure 5).  

The average temperature, humidity, canopy cover and 
abundance of hymenopteran insects before and after felling 
in three felling intensities is presented in Table 3. 

Pearson’s correlation test results showed that the 
temperature, humidity and canopy cover did not have a 
close correlation with the abundance of hymenopteran 
insects (P > 0.05). The test results showed that humidity 
and canopy cover had a unidirectional relationship with the 
abundance of hymenopteran insects, while the temperature 
had a relationship that was not unidirectional with the 
abundance of hymenopteran insects (Table 4). 

The study found 30 hymenopteran families at the 
research site. A total of 357 individual insects from the 
Formicidae family were found, 288 individual insects were 
from the Ichneumonidae family, and from the Braconidae 
family, 101 individual insects were found. The dominant 
morphospecies from the Formicidae family at the research 

site was Stigmatomma sp. and Cerapachys sp. The 
dominant morphospecies from the Ichneumonidae family 
was Pimpla sp., Setanta sp. and Gelis sp., while the 
dominant morphospecies from the Braconidae family 
was Orgilus sp.  

 
 

Table 1. t-test results for means of abundance of hymenopteran 
insects in three felling intensities 
 
Felling 
intensity BF AF (BF-AF) 

Low 
Moderate 
High 

 62,0 
 76,7 
 66,3 

 55,3 
 57,7 
 34,0 

 6,7ns 
19,0ns 
32,3* 

Note: * significance at p < 0.20, ns = non significance, 
BF=Before felling, AF=After felling.  
 
 
 
 
Table 2. Friedman test results for the morphospecies composition 
of hymenopteran insects in three felling intensities 
 
Intensity Chi-Square Probability 
Low 
Moderate 
High 

1.080 
1.563 
4.765 

0.299 ns  
0.211ns 
0.029* 

Note: * significance at p < 0.05, ns = non significance 
 
 
 

 
Table 3. Average temperature, humidity, canopy cover and 
abundance of hymenopteran insects before and after felling in 
three felling intensities 
 

Felling intensity Before felling After felling 
A T RH CC A T RH CC 

Low 62 32 75 82 55 32 77 59 
Moderate 77 30 76 84 58 33 75 62 
High 66 31 79 79 34 33 78 54 
Note: A= Abundance (individual), T: Temperature (oC), RH: 
humidity (%), CC: Canopy cover (%) 

 

 
 
 
 
 
 
Table 4. Pearson correlation test results for means of temperature, humidity, canopy cover and the abundance of hymenopteran insects 
in three felling intensities (Cc/p) 
 

Parameter Parameter 
Temperature Humidity Canopy cover 

Abundance  (-)0.418/0.085** 0.290/0.244ns 0.463/0.053** 
Temperature -  (-)0.836/0.000*  (-)0.397/0.103ns 
Humidity  - 0.004/0.987** 
Note: * significance at p < 0.01, ** significance at p < 0.10, ns = non significance, (-)= negative correlation, Cc/p= Correlation 
coefficiient/probability 
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Figure 2. Abundance of hymenopteran insects before and after 
felling in three felling intensities 
 
 

 
 

 

 
 
Figure 3. Diversity index of hymenopteran insects before and 
after felling in three felling intensities 
 
 
 
 

 
 
 
Figure 4. Species richness index of hymenopteran insects before 
and after felling in three felling intensities 

 

 
 
Figure 5. Evenness index of hymenopteran insects before and 
after felling in three felling intensities 

 
 

Discussion 
The results of this study indicate that tree felling had 

reduced the number of individual hymenopteran insects 
and increased the morphospecies of hymenopteran insects 
(Figure 2). These data suggest that the hymenopteran 
insects had a quick response to changes in microhabitat due 
to tree felling. The decline in the abundance of 
hymenopteran insects was greatest in high-intensity 
felling. It is suspected due to the migration of some insects 
to other new places because their original ecosystem has 
been disturbed by the tree felling. Although the felling 
intensity caused a decrease in the abundance of 
hymenopteran insects, the felling intensities did not 
significantly affect the abundance of the hymenopteran 
insects (P > 0.05) (Table 1). The results of this study are 
consistent with another experimental study done in Riau 
Province, Sumatera, showing that changes in the 
composition of certain vegetation in an ecosystem affect 
the abundance of insects (Febrita et al. 2008). Additionally, 
Latumahina et al. (2015) found that damage to the structure 
or composition of forest vegetation makes the Formicidae 
family (Hymenoptera) unable to have a life balance 
because most of the Formicidae family (Hymenoptera) 
utilizes forest vegetation as a source of food, nesting place, 
and shelter.  

The Friedman test results showed that there was no 
difference in the composition of the species of the 
hymenopteran insects before and after the felling in low-
intensity and moderate-intensity felling (Table 2). This 
means that the chance for the discovery of some number of 
species of hymenopteran insects, both before and after tree 
felling, was not much different in low-intensity and 
moderate-intensity felling, while in the high-intensity 
felling, there were significant differences in the 
composition of the species of the hymenopteran insects 
before and after the felling. It is suspected that the high-
intensity felling led to the reduction of vegetation which 
was the nesting site and food resources for hymenopteran 
insects, so these insects relocated to other places to 
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establish new nesting site and food sources. This also 
indicates that there were an amount of morphospecies of 
hymenopteran insects that were susceptible to the 
shrinkage of their home ranges and those that were 
dependent on constricted territories and resources.  

The results of this study indicate that the diversity of 
hymenopteran insects tends to increase in the low-intensity 
felling and decline in the moderate-intensity and high-
intensity felling (Figure 3). The species richness index of 
hymenopteran insects seemed to increase in the low-
intensity felling and decrease in the moderate-intensity and 
high-intensity felling (Figure 3). The species richness index 
of the hymenopteran insects would decline following tree 
felling activities. Based on these results, it can be 
concluded that the reduction of felling intensities in the 
natural production forests can contribute to maintaining the 
biodiversity of hymenopteran insects. The study found that 
there was no dominance of the hymenopteran insects in the 
ecosystem of the natural production forests, which was the 
research site, or the entire species was at the same level of 
evenness (Figure 5).  

Environmental factors that affect the lives of insects 
include temperature and humidity. Temperature gives 
effects on the activities, the spread, and development of 
insects. Humidity affects the evaporation of body fluids of 
insects and the selection of their suitable habitats (Aneni 
and Aisagbonhi 2015; Supriadi et al. 2015). Based 
on Pearson’s correlation test, it was found that there was a 
close correlation between environmental factors and the 
abundance of hymenopteran insects (Table 4). This was 
presumably because of the short interval between the 
collection of sampling insects before and after tree 
felling. Field data collection was gathered two days before 
and after logging, so the temperature and humidity were 
not much different. Haneda et al. (2013) found that 
environmental factors (temperature and humidity) will have 
a visible influence on the abundance and diversity of 
insects if the sampling is done over a long period and in 
different seasons.  

The relationship between temperature and the 
abundance of hymenopteran insects was negative (Table 4). 
There was a change in temperature from 30.9° C to 32.4 ° C 
after tree felling. Riyanto (2007) reported that the 
temperatures ranged from 25-32°C are the optimal 
temperature which is tolerant to the activities of the 
Formicidae family (Hymenoptera) in the tropics. Humidity 
and canopy cover had a unidirectional relationship with the 
abundance of hymenopteran insects (Table 3).  

The Formicidae family was the family with the largest 
number of individuals in natural production forest 
ecosystem at the research site. The results of this study 
indicate that some types of the hymenopteran insects in 
natural production forests give different responses to 
changes in their habitats. Disturbance to the habitat of the 
hymenopteran insects through tree felling does not have the 
same impacts on the different types of hymenopteran 
insects Ewers et al. (2015) found that the contribution of 
invertebrates to ecosystem processes is reduced by up to 
one-half following logging. The abundance of some key 
functional groups of termites, ants, beetle, and earthworms 

was decreased, while for small mammals, amphibians, and 
insectivorous birds was increased.  

This study managed to collect important information 
about the impacts of tree felling on the abundance of 
Hymenoptera in the natural production forest in East 
Kalimantan, Indonesia. Tree felling results in a decrease in 
the abundance of hymenopteran insects. A high-intensity 
felling results in changes to the morphospecies composition 
of Hymenoptera insects. Tree felling can increase and 
decrease the diversity of particular hymenopteran 
insects. High-intensity felling threatens the existence of 
hymenopteran insects in natural production 
forests. Hymenopteran insect habitat disruption in natural 
production forests can be reduced by minimizing the 
intensity of tree felling. 
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Abstract. Susanto D, Hayatudin, Setiawan A, Purnomo H, Ruhiyat D, Amirta R. 2017. Characterizing nutrient status and growth of 
Macaranga gigantea in tropical rainforest gaps after selective logging in East Kalimantan, Indonesia. Biodiversitas 18: 996-1003. 
Selective logging caused the formation of forest gaps, which stimulate the growth of the pioneer tree species. This study aims to 
determine the characteristic of soil nutrients status and plant growth of Macaranga gigantea in the tropical rainforest gaps after selective 
logging in East Kalimantan, Indonesia. We established research plots 50mx50m in natural forest production, 1 until 10 years after 
selective logging. The measured data of each plot is the number of trees of M. gigantea, its stem diameter, and its height, and also the 
soil and leaf nutrient concentration. The results showed that the soil has a pH (H2O) of 5.3 ± 0.27, cation exchange capacity of 10.6 ± 
2.98 meq. 100 g-1, base saturation of 27.7 ± 10.44%, while the concentration of nutrients carbon of 1. 04 ± 0.27%, nitrogen of 0.10± 
0.02%, phosphorus of 6.35 ± 3.4%, potassium of 67.15± 30.1%, calcium of 1.7 ± 1.09% and magnesium of 0. 99 ± 0.8%. The highest 
stem diameter and height of M. gigantea (19.5 cm; 18.07 m) was obtained in plots of 8 years after selective logging and then declined, 
while the highest diameter increment and height increment obtained in plants located in a plot of 4 years after selective logging and 
decline until 10 years after selective logging. The concentration of nutrients accumulated in the leaves of M. gigantea was N with 1.51 ± 
0.19%, P with 0.16 ± 0.01%, K with 1.37 ±0.28%, Ca with 1.78 ± 0, 43% and Mg with 1.53 ± 0.37%. The soil nutrients concentration of 
N, K, Ca and Mg correlated with plant growth of M. gigantea (p≤ 0.05), potassium concentration of soil positively correlated with a 
potassium concentration of leaves (p≤ 0.05), whereas magnesium concentration in the leaf correlated with plant growth (p≤ 0.05). We 
suspect that bases nutrient elements, potassium, calcium, and magnesium are nutrients absorbed in large quantities by M. gigantea and 
extremely important to its growth. 

Keywords: Forest gaps, growth, Macaranga gigantea, selective logging 

INTRODUCTION 

One of the natural production forest management in 
Indonesia is by selective logging which has been utilized in 
recent year. The system was developed for the management 
of tropical rain forests in Indonesia and to preserve the 
supply of timber from natural forests. In the selective 
logging system, dipterocarp forest exploitation is done by 
limiting the type of harvested trees only on red meranti and 
white meranti, limiting the diameter and the number of 
felled trees for regeneration as well as considering other 
factors relating to sustainability (Rimbawanto 2006). 

Timber harvesting in tropical rainforests causes the 
formation of gaps (felling gaps) which is unavoidable. 
Timber harvesting system by selective logging and 
selective planting significantly increase the canopy 
openness and light conditions of the opened forest 
compared to the primary forest. Canopy openness was 
found for each element, including skid trail, logging gaps, 
and strip cutting lines (Romell and Karlsson 2009; Inada et 
al. 2014). Gap area was positively correlated with the 
diameter of the fallen tree and the basal area of felled trees 

(Sapkota and Ode'n 2009; Arihafa and Mack 2013). 
Berthiaume and Kneeshaw 2009 showed that the gap sizes 
affected the light distribution in gaps. Gap size increased 
the diversity of plants (Kern et al. 2013), and canopy 
openness positively affected survival probability of pioneer 
tree species (Goodale et al. 2014; Hamrang et al. 2015). 
Seedling densities of pioneer species initially showed an 
increase in all sites after logging (Duah-Gyamfi et al. 
2014). 

Generally, after logging in tropical rain forest, most 
species of the genus Macaranga invade the logging gaps 
(Silk et al. 2002; Okuda et al. 2003; Zakaria et al. 2008; 
Inada et al. 2014; Sancayaningsih and Bait 2015). Canopy 
openness is a deciding factor in the Macaranga species 
abundance and species richness of the gap (Yiing et al. 
2008) and Macaranga gigantea becomes the major 
contribution of forest aboveground biomass due to its great 
number of diameter which influences the number of 
aboveground biomass, namely, 1,063 ton.ha-1 (Hadhirah et 
al. 2015). Until now M. gigantea is still considered as 
forest weed and has never been cultivated, while recent 
studies claim that wood of M. gigantea is potential as an 
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alternative wood pulp and ethanol feedstocks due to its 
chemical composition, high growth ability and adaptability 
(Mindawati et al. 2010; Amirta et al. 2016a; 2016b; 
Susanto et al. 2016a). 

Information about the nutrient elements uptake patterns 
and growth of M. gigantea from natural succession in 
forest gaps after selective logging has not been found. Our 
focus in this study was to determine the growth of M. 
gigantea pioneer trees on forests gap after selective logging 
and their nutrient element status. The results of this study 
are expected to supplement the data on the characteristics 
of soil nutrients, on the growth M gigantea from natural 
succession and nutrient uptake patterns and we hope form 
that it can be the basis for the cultivation of this plant in the 
future.  

MATERIALS AND METHODS 

Study area 
This study was conducted in a logging concession 

located in Penajam Paser Utara, East Kalimantan Province, 
Indonesia. The concession has been managed by logging  

company PT Balikpapan Forest Industries (located 116° 01 
'- 116° 45' East and 00° 42 '- 01° 18' South). This logging 
company has conducted the selective logging of desired 
Shorea species for many years in some areas. 

 The study consists of six plots in forest gaps having the 
age of:  (1) 1 year (01o 05 '48.4 "S and 116o 23' 17.9" E); 
(2) 2 years (01o 05 '56.2 " S and 116o 23 '03.0 "E); (3) 4 
year (01o 04' 05.7" S and 116o 22 '21.4 "E); (4) 6 years (01o 
04' 51.3 "S and 116o 18 '30.7" E); (5) 8 years (01o 04' 31.9 
"S and 116o 20 '02.8" E) and (6) 10 years (01o 08 '14.9 "S 
and 116o 24' 54.9" E) after selective logging (Figure 1). The 
forest type is lowland dipterocarp forest. Highest annual 
rainfall is 3207.6 mm, highest monthly rainfall is in June 
(316.3 mm) and the lowest is in August (162.3 mm). The 
wet period is between 9-12 months, while the dry period is 
between 0-2 months (Anonymous 2012). Data analysis of 
growth was performed in the Laboratory of Plant 
Physiology Faculty of Mathematic and Natural Science, 
Mulawarman University and data analysis of the 
characteristics of the soil nutrients status and leaves of M. 
gigantea were performed in the Soil Science Laboratory, 
Faculty of Forestry, Mulawarman University. The study 
had been done on February until June 2013.  

 
 
 
 
 

 
 
Figure 1. Map of the study area in the concession area of PT Balikpapan Forest Industries, East Kalimantan ( : research plots). Note: 
1. 1 year; 2. 2 years; 3. 4 years; 4. 6 years; 5. 8 years and 6. 10 years after selective logging 
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Procedure 
Prior to this research, the site surveys were conducted 

and interviews with the management of PT Balikpapan 
Forest Industries were undergone for finding the exact 
forest gaps location of 1, 2, 4, 6, 8 and 10 years after 
selective logging. Then a plot with the size of 50m x 50m 
was created in each forest gaps., Every plot point was 
determined by a global position system (GPS). All M. 
Gigantea trees found along the research plot was recorded 
and the diameter and height of stem were measured 
(Susanto et al. 2016b). 

Measurement of diameter and height trees  
On each plot, the plants of M. Gigantea were counted, 

then the diameter of the stem (DBH) and stem height of 
each was measured using clinometers.  

Soil sampling 
On each plot, 4 drill points with 0-30 cm and 30-60 cm 

deep were done to take the soil samples for as much as 500 
g of each depth. The samples were air-dried in a laboratory 
for analyzing the total of nitrogen, phosphorus, potassium, 
calcium and magnesium.  

Leaves sampling 
Leaf samples are taken from the vertical position of 

each component in the canopy (bottom, middle and top). 
Next, 500 g of each leaf samples were taken from each 
study plot and were inserted in a plastic bag and brought to 
the laboratory for leaf nutrients analysis. 

Analysis of soil nutrients concentration 
The chemical analysis covered the soil pH, cation 

exchange capacity, base saturation and concentration of 
soil nutrients, N total and was done with Kjeldahl method 
(extraction, distillation, titration), while P total was done 
with Bray P-1 methods. Their extracts were measured with 
a spectrophotometer. For the total of K, Ca and Mg was 
done with method of saturation with ammonium acetate at 
pH 7.0 and measurements were performed with AAS 
(Atomic Absorption Spectrometer) 

Analysis of the leaves nutrient elements concentration 
For the analysis of leaf nutrient concentration, total N 

was obtained with Kjeldahl method (extraction, distillation, 
titration). For the measurement of nutrient of P, K, Ca and 
Mg, plant components were extracted by methods of High-
Pressure Digestion at a temperature of 180oC for 10 hours 
with a reducing HNO3 concentrate. Phosphorus was 
measured by a calorimetric technique using nitric acid-
molybdate-vanadate as coloring agents and then was 
measured with a spectrophotometer at a wavelength of 470 
nm. Potassium, calcium, and magnesium were measured 
with Atomic Absorption Spectrophotometer (Syahrinudin 
1997). 

Data analysis 
Descriptive analysis was conducted on the data 

obtained from the field, namely: number of trees, stem 
diameter, height, soil and leaves nutrient concentration. To 

determine the correlation between the concentration of soil 
nutrients with M. gigantea growth and leaf nutrient 
concentrations was conducted with regression analysis, and 
to determine the significance was conducted with t-test on 
the value of r (p 0.05-0,1). 

RESULTS AND DISCUSSION 

Chemical soil properties 
Mean soil acidity was 5.3 ± 0.27, the minimum was 4.9 

and maximum was 5.8, and they were classified as acid 
soil. Cation exchange capacity on research plots ranged 
from low (6.23 meq.100 g-1) to moderate (16.7 meq.100 g-

1) with a mean of 10.6 ± 2.98 meq.100 g-1) in low status. 
Base saturation average was 27.7 ± 10.44%, the minimum 
was 13.82%, and the maximum was 51.78%. Nutrient 
concentration status of soil was as follows: concentration of 
nitrogen was on the status of very low to low (0.06 to 
0.16%) with the average value of 0.10 ± 0.02%. The 
concentration of phosphor was in the range of 1.56% to 
11.71% with the status of very low to low and with the 
average value of 6.3 ± 3.4%. The concentration of 
potassium on the research plots was very low to low 
(29.05% -111.20%). In general, the concentration of Ca on 
plots of research was also very low until low in the range of 
0.91% to 4.63%, with the average value of 67.2 ± 30.1%. 
The concentration of Mg was on the status of very low to 
high, ranging from 0.22% to 3.32%, with the average value 
of 0.98 ± 0.8% (Table 1). 

Growth of Macaranga gigantea tree 
Macaranga gigantea growth and its number of trees in 

research plots are quite varied (Table 2, Figure 2). It might 
be caused by the availability of seed sources which are 
different in each research plot. 

The relationship between plots logged (years after 
selective logging) with the growth of M. gigantea ( mean 
diameter and height) presented in Figure 2. 

Leaf nutrient concentration 
Mean nitrogen concentration in leaf was 1.51 ± 0.19%. 

At 4-6 years after selective logging, M. gigantea plant 
accumulates more nitrogen for growing (1.68 to 1.80%), 
higher than the nitrogen concentration at 1-2 years and 8-
10 years after selective logging. The phosphor of leaves has 
the smallest concentration, range from 0.15% to 0.18%, 
while the greatest nutrient concentration is calcium (1.13-
2.25%), with an average value of 1.78 ± 0.43% (Table 3).  

Correlation between soil and leaf nutrient 
concentration with growth of Macaranga gigantea 

The relationship between the mean of diameter and 
height of M. gigantea with soil nitrogen and potassium 
concentration at 0-30 cm and 30-60 cm deep was 
statistically significant (p = 0.1), but it was not significant 
for phosphor, calcium, and magnesium. The relationship 
between the mean of diameter increment and soil nutrient 
concentration at a depth of 0-30 cm and 30-60 cm were 
statistically significant to the elements Ca and Mg (Table 
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4). The correlation between the leaf potassium 
concentration with soil potassium concentration at a depth 
of 0-30 cm and 30-60 cm were statistically significant 
(Table 5). The concentration of leaf magnesium with the 
mean of diameter and height of trees was statistically 
significant (p = 0.05), but it was not significant for the 
nutrients of N, P, K and Ca (Table 6). 

The concentration of nitrogen and potassium in the soil 
at a depth of 0-30 cm negatively correlated with stem 
diameter, height, diameter increment and height increment 
(Table 4, Figure 3). Based on the r-value, soil nitrogen and 
potassium concentration moderately correlated with M. 
gigantea growth. The r-value of 0.75 and 0.80 showed that 
75% and 88% of M. gigantea’s growth change was 
affected by nitrogen and potassium concentration variable, 
while the remaining 25% and 20% could be affected by 
other factors. Soil calcium and magnesium concentration 
positively correlated with a mean of diameter increment of 
M. gigantea, with r-value of 0.77 and 0.73. Leaf 
magnesium concentration negatively correlated with a 
mean of stem diameter and height.  

Discussion 
The chemical property of soil in the study is acidic soil, 

while cation exchange capacity and base saturation are very 
low to low. Soil nutrient status (nitrogen, phosphorus, 
potassium, calcium and magnesium) at research plot are 
very low to low. Imai et al. 2012 reported that the total 
amount of P which was exported out as timber from the 
ecosystem by heavy selective logging was estimated at 

24.0 kg ha-1, while the amount of the labile P in the topsoil 
was 12.8 kg.ha-1, indicating that labile P might become 
deficient by more than 12 kg ha-1 for biomass recovery. 
Excessive logging can induce limitation of P on post-
logging biomass recovery. On the other hand, rehabilitating 
degraded forest land with dipterocarp and non-dipterocarp 
species had improved both soil nutrient status and valuable 
timber stock. The soils were acidic with low levels of 
organic matter and exchangeable bases associated with 
high level of Al saturation. The negative change derivate 
from the organic matter and clay minerals play an 
important role in retaining soil nutrient and probably 
influence the soil nutrient status (Hamzah et al.2009). 
 
Table 5. Correlation coefficient from results of regression 
analysis and p-value for significance through t-test between soil 
nutrient concentration and leaf nutrient concentration of M. 
gigantea 
 
Nutrient elements Soil depth r t 
Nitrogen (%) 0-30 -0.16 0.76 

30-60 0.06 0.91 
Phosphorus (ppm) 0-30 -0.44 0.37 

30-60 -0.57 0.27 
Potassium (ppm) 0-30 0.78 0.06 

30-60 0.40 0.42 
Calcium (cmol.kg-1) 0-30 -0.64 0.17 

30-60 0.26 0.61 
Magnesium (cmol.kg-1) 0-30 0.37 0.46 

30-60 -0.14 0.79 
Note: Bold values denote significance at p < 0.10 

 
 
Table 1. Chemical properties of soil in forest gaps after selective logging 
 

Year after 
logging 

Soil depth 
(cm) 

Soil chemical properties
pH 

 (H2O) 
CEC

 (meq.100 g-1)
BS 

 (%) 
N 

 (%) 
P 

 (ppm) 
K 

 (ppm) 
Ca 

 (cmol.g-1) 
Mg  

 (cmol.g-1) 
1 0-30 5.5 12.14 27.34 0.16 9.88 107.96 1.52 1.2
 30-60 5.3 16.07 36.90 0.11 11.71 48.30 4.63 0.99
2 0-30 4.9 12.11 18.52 0.12 4.68 96.71 0.78 0.93
 30-60 5.1 11.51 13.82 0.09 6.50 55.59 0.97 0.27
4 0-30 5.8 13.13 51.78 0.11 7.80 102.14 2.83 3.32
 30-60 5.7 12.92 32.02 0.09 9.88 111.20 2.01 1.73
6 0-30 5.0 9.82 25.76 0.13 4.94 75.03 1.47 0.64
 30-60 5.3 11.05 18.34 0.08 8.58 53.14 1.26 0.41
8 0-30 5.4 6.23 29.67 0.09 1.56 49.26 1.40 0.22
 30-60 5.2 6.54 34.37 0.06 1.56 31.25 1.20 0.91

10 0-30 5.1 7.81 26.01 0.11 2.34 46.16 0.98 0.79
 30-60 5.4 8.05 17.81 0.07 6.76 29.05 0.91 0.34

Mean 5.3±0.27 10.6±2.98 27.7±10.4 0.10±0.02 6.3±3.4 67.2±30.1 1.7±1.0 0.98±0.8
  
  

Table 2. Data inventory of stands of Macaranga gigantea in forest gaps after selective logging. 
 

Macaranga gigantea Year after selective logging Mean 1 2 4 6 8 10 
N.2500 m2-1 28 18 5 75 39 8 
N.ha-1  112 72 20 300 156 32 
Mean diameter (cm) 2.5 2.9 11.9 14.2 19.5 14.2 
Mean Height (m) 2.17 3.51 9.64 12.21 18.07 10.07 
Basal area (m2.ha-1) 0.064 0.060 0.045 5.855 5.633 1.226 
Volume (m3.ha-1) 0.08 0.13 1.47 42.42 48.77 13.09 
Diameter increment (cm.th-1) 2.5 1.5 3.0 2.4 2.4 1.4 2.2±0.6
Height increment (m.th-1) 2.17 1.76 2.41 2.04 2.26 1.01 1.9±0.5
Volume increment (m3.ha-1th-1) 0.08 0.065 0.368 7.07 6.096 1.309 2.5±3.2
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Table 3. Mean Leaves nutrient concentration of Macaranga gigantea in forest gaps after selective logging. 
 

Leaf nutrient concentrate (%)  Year after selective logging Mean 1 2 4 6 8 10 
Nitrogen 1.36 1.46 1.80 1.68 1.45 1.32 1.51±0.19 
Phosphorus 0.16 0.18 0.15 0.16 0.17 0.16 0.16±0.01 
Potassium 1.77 1.46 1.55 1.03 1.29 1.11 1.37±0.28 
Calcium 2.20 1.67 1.13 1.95 1.49 2.25 1.78±0.43 
Magnesium  1.80 1.84 1.61 1.55 0.83 1.57 1.53±0.37 
 
 
 
 
Table 4. Correlation coefficient from regression analysis results and the p-value for significance through t-test between soil nutrient 
concentration and growth of Macaranga gigantea 
 

Soil nutrient 
concentration (%) 

Depth 
(cm) D t H t DI t HI t 

Nitrogen 0-30 0.75 0.08 0.77 0.07 0.19 0.83 0.08 0.87 
 30-60 0.88 0.19 0.88 0.02 0.25 0.62 0.28 0.58 
Phosphorus 0-30 0.68 0.13 0.69 0.12 0.54 0.27 0.48 0.33 
 30-60 0.63 0.18 0.71 0.11 0.32 0.53 0.13 0.80 
Potassium 0-30 0.80 0.05 0.76 0.08 0.40 0.42 0.51 0.30 
 30-60 0.18 0.72 0.19 0.71 0.62 0.18 0.54 0.26 
Calcium 0-30 0.17 0.74 0.14 0.77 0.88 0.02 0.66 0.14 
 30-60 0.55 0.25 0.54 0.26 0.46 0.34 0.41 0.42 
Magnesium 0-30 0.19 0.70 0.25 0.62 0.55 0.25 0.38 0.45 
 30-60 0.09 0.86 0.09 0.86 0.85 0.03 0.70 0.11 
Note: Bold values denote significance at p < 0.10. D= stem diameter, H= stem height, V= volume of stem, DI= diameter increment, 
HI=height increment, and t= t-test values 
 
 
 
 
Table 6. Correlation coefficient from results regression analysis and p-value for significance through t-test between leaf nutrient 
concentration and growth of Macaranga gigantea 
 

Leaf nutrien 
elements (%) D t H t DI t HI t 

Nitrogen 0.21 0.68 0.23 0.65 0.67 0.14 0.59 0.21 
Phosphorus 0.27 0.65 0.10 0.84 0.62 0.18 0.19 0.70 
Potassium 0.69 0.12 0.63 0.17 0.37 0.46 0.48 0.33 
Calcium 0.24 0.63 0.33 0.51 0.53 0.28 0.63 0.17 
Magnesium 0.84 0.03 0.91 0.01 0.21 0.68 0.23 0.65 
Note: Bold values denote significance at p < 0.10. D= stem diameter, H= stem height, V= volume of stem, DI= diameter increment, 
HI=height increment, and t= t-test value 
 
 
 
 

 
 
Figure 2. Growth of Macaranga gigantea in forest gaps after selective logging 
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Figure 3. Relationships between soil nutrient concentration and growth of trees M. gigantea at forest gaps after selective logging. (a) 
soil N concentration Vs stem diameter (b) soil N concentration Vs stem height, (c) soil K concentration Vs stem diameter (d) soil K 
concentration Vs stem height 
 
 
 
  

 

 
 
 
Figure 4. Relationships between leaf nutrient concentration with soil nutrient concentration and growth of M. gigantea trees at forest 
gaps after selective logging. (a) K concentration of soil Vs K concentration of leaf (b) Ca concentration of soil Vs mean of diameter 
increment, (c) Mg concentration of soil Vs mean of diameter increment, (d) Mg concentration of leaf Vs mean of diameter 
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In this study, the number of M. gigantea trees in forest 
gaps is varied, depending on the source of seeds and the 
light intensity. Macaranga seeds defenses are associated 
with species, light requirement for regeneration (Tiansawat 
et al. 2014), and canopy openness which positively affects 
survival probability, while herbivory decreases survival 
and is highest in understory conditions (Goodale et al. 
2014). The highest of mean of diameter and stem height 
(19.5 cm; 18.07 m) were obtained by M. gigantea trees on 
plot 8 years after selective logging, and then they were 
declined. The highest of diameter and height increment on 
M. gigantea were obtained on plot 4 years after selective 
logging and continued to decline until 10 years. In more 
intensive logged plots, growth rates of trees increased 
(Ruslandi et al. 2012). Mean diameter of M. gigantea in the 
secondary forest were 3.6 ±2.1cm, 4.6± 2.6 cm, 5.4±3.2 
cm, 5.9 ± 3.8 cm after 2, 3, 4, 5 years after fire in Bukit 
Soeharto Education Forest, East Kalimantan, Indonesia 
(Hiratsuka et al. 2006). 

 Pioneer species like M. pearsonii and M. gigantea can 
grow with mean of diameter (DBH) of 21 cm and 28 cm, 
respectively, in 25 years (Verburg et al. 2008), and 
Nadhirah et al. 2015 reported that maximum diameter 
(DBH) has been recorded was 77.7 cm and it was recorded 
at University Technology Malaysia secondary forest. 
Susanto et al. (2016b) reported that mean of stem diameter 
was 27.88 cm and mean of stem height was 17.74 m in the 
secondary forest 6 years after shifting cultivation, mean 
diameter increment was 2.4±1.4 cm.y-1, mean of height 
increment was 1.8±0.8 m.y-1 and mean of volume 
increment was 0.9±1.1 m3.ha-1.y-1. In this study, the 
highest mean diameter and height were found in forest gaps 
8 years after selective logging. In secondary forest after 
shifting cultivation, mean diameter and mean diameter 
increment of M. gigantea were higher than mean diameter 
and mean diameter increment in forest gaps after shifting 
cultivation. The preparation of shifting cultivation with 
clear-cutting and slash-burn methods affected in the forest 
gaps and light condition, and it was higher than forest gaps 
and light condition was better in forest gaps after selective 
logging in naturally production forest.  

Lawrence (2001) reported that N concentration ranged 
15 - 20 mg.g-1, while phosphor concentration ranged 1.7 to 
2.7 mg.g-1 in the seedling canopy of M. gigantea. On the 
other hand, Ishida et al.2005 reported that the highest 
nitrogen concentration of M. gigantea leaves which grow 
naturally was 2.5 mol.kg-1 at sapling stratum, 2.0 mol.kg-1 
at sucker stratum and the lowest nitrogen concentration was 
found at seedling and mature stratum, namely 1.5 mol.kg-1. 
Breulmann et al. 2006 also reported that phosphor 
concentration on Macaranga in the natural forests in 
Malaysia ranged 0.06% to 0.09%, while potassium content 
was 0.71% to 0.82%. In secondary forest after shifting 
cultivation, leaf nutrient concentration of M. gigantea was 
1.94±0.13% of nitrogen, 0.22±0.08% of phosphor and 
0.66±0.27% of potassium (Susanto et al. 2016b). In this 
study, leaf nitrogen and phosphorus in forest gaps after 
selective logging were lower than leaf nitrogen and 

phosphorus in the secondary forest after shifting cultivation. 
On the other hand, leaf's potassium concentration in forest 
gaps was higher than leaf's potassium in the secondary 
forest after shifting cultivation.  

The foliar mineral nutrient concentration of the trees 
generally correlated with the environmental factors such as 
elevation, topographic position, slope, vegetation type, and 
soil nutrient status (Chi Wua et al. 2007). In a fire-
disturbed urban forest, the foliar N and P concentration 
could be used as a parameter to assess the nutrient 
environments of tree species restored (Kim et al. 2015). 

Soil's potassium concentration positively correlated 
with leaf's potassium concentration, with r-value of 0.70, it 
could be concluded that 70% of the variance of leaf's 
potassium of M. gigantea was affected by soil’s potassium 
concentration variable, while the remaining 30% could be 
explained by other factors. Nutrient base elements 
(potassium, calcium, and magnesium) which were 70% to 
90% accumulated in aboveground biomass in naturally rain 
forest in East Kalimantan, Indonesia (Ruhiyat 1993; 
Meckensen 1999; Meckensen et al. 2001). Sheriff and 
Miller (1991) reported that total K was the main growth-
limiting nutrient in both reserves based on soil and foliar 
data. Efficient nutrient use was essential for biomass 
production by tropical trees growing in infertile soils. The 
P which was used efficiently was more affected by other 
factors like soil conditions than the use of N efficiently, 
and the differences in the tree groups significantly affected 
the use of both nutrients efficiently. Some aspects of the 
general suitability of Acacia and Eucalyptus species were 
for tropical plantations in fertile soils (Inagaki and Tange 
2014). 

In conclusion, the highest of stem diameter and height 
of M. gigantea (19.5 cm; 18.07 m) was obtained in plots 8 
years after selective logging, while the highest of diameter 
increment and high increment obtained in plot 4 years after 
selective logging. The concentration of nutrients 
accumulated in the leaf of M. gigantea are as follows: N 
was 1.51 ± 0.19%, P was 0.16 ± 0.01%, K was 1.37 
±0.28%, Ca was 1.78 ±0.43% and Mg was 1.53 ± 0.37%. 
The soil nutrients concentration of N, K, Ca and Mg 
correlated with plant growth of M. gigantea (p≤ 0.05), 
potassium concentration of soil positively correlated with a 
potassium concentration of leaves (p≤ 0.05), whereas Mg 
leaf’s nutrient concentrations were correlated with plant 
growth (p≤ 0.05). 
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Abstract. Widyartini DS, Widodo P, Susanto AB. 2017. Thallus variation of Sargassum polycystum from Central Java, Indonesia. 
Biodiversitas 18: 1004-1011. Sargassum polycystum C. Agardh has characteristic of highly polymorphic thalli among individuals in its 
population. The shape and size of thalli are variable among the individuals. The study was aimed at knowing the variation of S. 
polycystum thalli grown in different beaches of Central Java. The data showed that the thalli of the S. polycystum grown in the 
Karimunjawa had more variation than those grown in the Menganti Beach, as obviously seen on its leaves and vesicles. There was a 
relationship between salinity and pH of the Menganti Beach of the length of vesicle S. polycystum, but nitrate and phosphate content 
weren't correlated of variation thalli. Temperature, salinity, and pH of Karimunjawa Beach were correlated with the vesicle's color, 
nitrate and phosphate correlated of the width as well as upper and lower surfaces of the leaves, phosphate also correlated with the leaf 
edge and vesicle diameter. Environmental factors in the Menganti Beach had not significantly affected the thalli variation, but salinity 
and pH had an effect on vesicle length. Temperature, salinity, and pH in the Karimunjawa Beach significantly affected the vesicle color, 
nitrate and phosphate affect the width of leaves as well as their upper and lower surface. Phosphate also affected  the edge of the leaf 
and the vesicle diameter  

Keywords: Environmental factors, Karimunjawa Beach, Menganti Beach, thalli variations 

INTRODUCTION 

The Sargassum seaweeds have characteristic of highly 
polymorphic thalli among individuals in its population. 
Thallus variation temporary different in individuals, 
between individuals, the environment, and between local 
variations. These variations exist due to genetic 
polymorphism and environment (Cheang et al. 2008). 
Polymorphism thallus forms occur in the population in the 
habitat and the same time. Morphological variation in 
Sargassum range is quite large so that limits species and 
varieties are still confusing and cause difficulties in 
classification. Sargassum is the richest species amongst 
other algae. Sargassum mostly grows on the beach which 
characterized with coral reefs as its substrate (Guiry and 
Guiry 2010) and morphologically as Phaeophyceae most 
complex genera (Noikasar and Ajisaka 2009).  

Distribution of the species is very widespread, 
especially in the tropics and subtropics formed a dense 
forest on the ocean floor (Mattio and Payri 2010). Although 
the taxonomy of Sargassum has focused since 1985 (Yang 
1995; Wong 2004), but still need the observation of the 
systematics (Mattio et al. 2010). Sargassum is typically 
built up of a holdfast, stipe cylindrical or flattened by 
primary up to tertiary branching. Thallus leaves elliptic to 
oblong, the leaf edge dentate, wavy, and curved or tapered 
edges. Vesicles are rounded or oval, to float (Lin 2011). 

Sargassum polycystum C. Agardh is one species of the 
brown seaweeds (Phaeophyceae), an alginate producer, an 

important chemical compound since it has high economic 
value. The alginate content is strongly related to part of the 
thalli being extracted, a method of extraction, and the 
seaweeds cultivation area (Zailanie et al. 2003; 2016). 
Based on morphological characters thallus S. polycystum 
distinguished on S. polycystum var. linearifolium Y. 
Chiang, S. polycystum f. crinitum Reinbold, f. festivum 
Grünow, f. intercedens Grünow, f. proliferum Grünow. 
(Guiry and Guiry 2016). Characterized varieties of 
distinguishing thallus leaves. Forma is the lowest level of 
the species, characterized by a character that is not 
important, such as colors.  

The Sargassum is widely spread starting from the beach 
up to coral reefs along the littoral and sublittoral areas. 
They are perennial growing throughout the year. This 
seaweeds could either reproduce generatively by producing 
spores or alternatively through a part of the thallus; their 
dispersal however strongly depends on either weather or 
season (Saraswathi et al. 2003; Rao et al. 2014). In 
Indonesia, S. polycystum is quite dominant in the beaches 
with dominant coral reef substrates and strong tides. Coral 
reefs are the best place for the seaweeds to grow since the 
thallus could stick strongly holdfast so the thallus does not 
release easily from its substrate (Kadi 2005). LSD test 
showed that almost all quantitative characters differed 
significantly among three species studied (data not shown). 
However, no significant difference was observed between 
S. ilicifolium and S. tenerrimum for maximum leaf length 
and also between S. ilicifolium and S. glaucescens 
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maximum of leaf length to leaf petiole length ratio 
although these characters were significant when all 3 
species were analyzed together (Noormohammadi et al. 
2011). 

 Environmental conditions will show different 
characteristics of the various thallus forms, the content of 
alginate and resistance to environmental factors limiting or 
its ability to produce metabolites. The content of the 
alginate is affected by the passage of the thallus extracted, 
the extraction method used and the place to grow (Zailanie 
et al. 2003; Rasyid 2010). All parts of the thallus have the 
ability to perform photosynthesis process although 
different, so the result is not the same alginate. Prabha et al. 
(2012) stated that seaweed morphology is strongly 
influenced by the physiological tolerance of seaweed adapt 
to environmental factors such as salinity, temperature, 
depth, nitrate and phosphate, pH and the waves as limiting 
factors in marine waters.   

The purpose of this study is to determine the 
morphological thallus variations of S. polycystum of 
different beaches. The study of morphological variations 
can indicate the relationship of morphology, expression of 
genes and environmental factors grew to compounds 
alginate. This makes the foundation doing research using 
parts of the thallus S. polycystum derived from 
Karimunjawa and Menganti Beaches in Central Java. 

MATERIALS AND METHODS 

Study area 
Sargassum polycystum samples were taken from 

Menganti and Karimunjawa Beaches, Central Java, 

Indonesia. Menganti is located in the Karangduwur village, 
Ayah Subdistrict, Kebumen District, Central Java, 
Indonesia. Geographically, the Menganti Beach lies at 109° 
24′ 44,3″ E and 7° 46′ 21,5″ S and 0 m altitude. While 
Karimunjawa Beach in the northern part of Central Java, 
directly facing the South China Sea. This Karimunjawa 
area is geographically located between 5o40’39’-5o55’00’ S 
and 110o05’57’-110o31’15’ E. Administratively, belongs to 
the subdistrict of Karimunjawa, Jepara District, Central 
Java, Indonesia. Karimunjawa is 45 miles from Jepara or 
about 60 miles from Semarang. The current comes from the 
South China sea forces to the eastern tip with the velocity 
of 8 to 25 cm.sec-1 (Figure 1).  

Menganti Beach in Kebumen, the southern part of 
Central Java, dealing directly with the Indian Ocean. Sea 
water clarity of 4,75 m, shallowness on the beach of 150 
cm. Current velocity 0,6 m.sec-1. Slope 7º wave tides of 
1,5-2 m. Rainy season exists between October and April, 
while dry season during July to September. Seasonal 
distribution of seaweeds at Island was shown among the 
different season, species diversity was rich in the post-
monsoon season followed by monsoon season and less in 
pre-monsoon season (Prathep 2005; Josephine et al. 2013). 
Geologically, the beach is cast material leads to affect the 
white sands color on the beach including a good panoramic 
view (Sidicq 2015) and steep slope. The base substrate in 
the form of steep cliffs Menganti Coast, rubble and sand as 
waves of loud collision of the Indian Ocean. Coral 
substrate showing that the area is stable and constantly 
traversed by strong currents. Menganti coastal waters 
temperature ranges between 31-35°C, ranging between 29-
30‰ salinity, water pH range of 7-8  (Widyartini et al. 
2012). 

 
 
 
 

 

 
Figure 1. Location of Menganti Beach (A) and Karimunjawa Beach (B) in Central Java, Indonesia  
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The ocean currents are strong currents, consisting of 

tidal currents and nontidal currents. Flows on the 
Karimunjawa Beach derived from the Java Sea that brings 
water masses towards the Java Sea to the east. The 
velocities surface water flow in marine waters average 
ranges between 8-25 cm.sec-1. Temperatures at the surface 
ranged from 28-29°C; salinity ranges between 28-29 ‰. 
coastal waters pH range 7-9 (BTNKJ 2004; Yuwono 2015; 
Dinda et al. 2012).  

A survey method was used in this study with sampling 
was done in a selected randomized design applying a 
quadratic method. Transects were set along the sea shore 
with an interval of 10 m. each transect has three plots at the 
1m2 size. The S. polycystum seaweeds obtained within the 
transects was then described fully including its thalli. 
Samples were taken at three stations in Menganti Beach 
(Figure 2) and in Karimunjawa Beach (Figure 3).  

High waves in coastal waters of Menganti is greater 
than those on Karimunjawa Beach. Differences in wave 
movement affect the habitat and how to grow seaweed. S. 
polycystum seaweed thrives on the substrate stable rock or 
coral. Sargassum growing in waters Menganti attached to 
the surface of the rock, visible when waters recede. 
Sargassum in the waters Karimunjawa stick to the basics 
and always stagnant waters. Waters with a smaller stream 
with small tidal influence. The current study noted if the 
growth of the S. polycystum in these two areas were 
different, the thallus of the Menganti Beach were stuck 
strongly to the reefs (holdfast), to make a good panoramic 
view like a brownish rug during the low tide. In contrast, S. 
polycystum seaweeds grow on the north (Karimunjawa), 
which characterized with the small tide, the thallus are stick 
on the reefs on the seabed as its substrate to make long 
thallus which appears on the sea's surface (Figure 4).  

The coral reefs are the best place to strong-stick the 
thallus (holdfast) to allow the thallus keep on its substrate 
when there is high tide. Along the Indonesian beaches, the 
S. polycystum seaweeds almost dominated beaches areas 
characterized with stable reefs substrate and high tides 
(Kadi 2005; Montesinos et al. 2008)). The Sargassum 
seaweeds disperse in almost all tropical and subtropical 
beaches, most of them grow in the shallowing reefs or even 
become the benthos or pelagic to the reefs (Boaden 1995). 
The brown alga, S. polycystum, was widely distributed and 
found at all sites, while Padina and Acanthophora were the 
most abundance species during the dry season (Josephine et 
al. 2013).  

Procedures 
Sampling of S. polycystum  

In order to minimize some temporary and seasonal 
effects and to keep the natural morphology, all specimens 
were collected at the same growing period, to before the 
seaweeds loss their leaves and develop its reproduction 
structures. Samples were placed spatially (10m interval) by 
means to minimize individual grouping from the same 
plant like germlings Sargassum which has a short dispersal 
range. For the morphological analysis purpose, of each 
population, 30 full individuals were collected. Specimen 

from both places (Menganti-Kebumen) and (Karimunjawa-
Jepara) were taken during the low tide to allow easy dive.  

Observation of thallus morphology  
All individual specimens were observed for their 

morphology based on 14 morphological characters like 
branch-thallus, leaves, and vesicles. Length, width, and 
diameter of each parameter were observed by applying 
such equipment with 0.01 mm accuracy. Such characters 
like leaf's edge, a form of the particular individual are 
grouped as morphological category parameters and scored. 
Leaves and vesicles were taken randomly.  

Observations of environmental parameters   
Parameters of temperature (oC), salinity (o/oo), pH were 

observed on the growing areas directly. While Nitrate and 
phosphate content were analyzed in the environmental 
laboratory of Unsoed. Chlorophyll, Fe, and Mg content 
were analyzed in the Laboratory of Plant Physiology, 
Universitas Jenderal Soedirman, Purwokerto, Indonesia.   

Data analysis 
Data of morphological variations were then performed 

in a table of characters, the matrix with their multivariate 
ones. Data of environmental factors and thallus 
morphology were analyzed with the statistical program of 
SPSS 16.0 which was used to know the correlation between 
them and the GLM in order to differentiate environmental 
factors of the Menganti-Kebumen and Karimunjawa-Jepara 
beaches toward the thalli morphological variations.  

RESULTS AND DISCUSSION 

Morphological analysis 
The Sargassum seaweeds are characterized with very 

polymorphic thalli. The high polymorphisms exist in inter-
individuals intra-population. There are some variations in 
the form and size of thallus branch, leaves, and vesicles 
within its population. The Sargassum thallus has such a 
leaf-like formation called as phylloid, air bladder or 
vesicle, fake branch (stalk) or stipe and holdfast in discoid. 
Individual, intra-individual, environment and local 
variations differences on size as well as other variations 
exist only temporarily. Morphological analysis of the thalli 
of S. polycystum seaweeds from Menganti-Kebumen and 
Karimunjawa-Jepara Beaches showed if there were 
variations in form and size of the stipe-thalli, leaves, and 
vesicles (Figure 5).  Visually, it could be distinguished if 
the S. polycystum seaweeds from the Menganti Beach has 
brown-greenish to dark brown thalli in compared with that 
of from the Karimunjawa Beach which has light brown. 
The last group of seaweeds thalli has more fucoxanthin 
pigments on its thalli than the first group. The brown 
seaweeds contain chlorophyll a, b, and fucoxanthin, which 
consists of violaxanthin, flavoxanthin-a, and neo 
fucoxanthin-b, xanthophyl to make the brown effect on the 
thalli (Megayana et al. 2011; Limantara and Heriyanto 
2010).  
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Figure 2. The station sampling in Menganti Beach, Kebumen, Central Java, Indonesia. A. Station I (eastern tip), B.  Station II (next to 
the TPI), C. Station III (western tip). 
 
 

A B C 
 
Figure 3. The station sampling in Karimunjawa Beach, Jepara, Central Java, Indonesia. A. Station I (left of the pier), B.  Station II (right 
of the pier), C.  Station III (far from the pier).  
 

 

A B 
 
Figure 4. Thalli on its habitat in Menganti and Karimunjawa Beaches, Central Java, Indonesia. A. Holdfast on the reefs at Menganti 
Beach, B. Stipe on the seabed’s reefs at Karimunjawa Beach 
 
 
 

Different environmental factors of these two beaches 
may cause differently to the organisms live there due to 
nutrition content in these areas. Toward the life of 
seaweeds, distribution of nutrition leads to variation in 
thalli and so its alginate content. The seaweeds dispersal is 
related with its genetic character and environment (Cheang 
et al. 2008). The Sargassum seaweeds are abundantly 
grown along the beach with coral reefs substrate, with 
enough sunshine, shallowness of 4 m with the strong 
current, the salinity of 28-35 ‰, pH 6-8, and temperature 

of 25-32 0C (Ibrahim et al. 2014; Raymundo et al. 2007). 
This species of seaweeds are dispersed widely, including 
beaches and reefs in the littoral and sublittoral areas. They 
grow along the year, perennial but its dispersal is affected 
by season (Kadi 2005) and (Saraswathi et al. 2003). The 
reef is a strong sticking point holdfast so thallus not easily 
crashing waves. Coral as a stable habitat that brown 
seaweed holdfast able to stick with better than green and 
red seaweeds, Padina, Sargassum, and Turbinaria grew 
dominant (Ammar 2011; Domettila et al. 2015).  
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Leafy-thalli of S. polycystum from the Menganti Beach 
has an oval to long form (Figure 6) with the length varies 
from 1.6-3.8 cm, width 0.8-1.5 cm, dark brown with black 
spots. Meanwhile, the leafy thalli of the same seaweeds 
from the Karimunjawa Beach are oval to long with the 

length varies between 1.5-4.5 cm, width of 0.5-1.3 cm with 
light brown and black spots. The leaf’s tip obtuse to 
truncate. The leaf’s edge obtuse to truncate. The leaf's base 
truncates to obtuse. Leaf’s upper and lower surface are 
brownish spots (Figure 7).  

 
 
 

  
A B 

     
Figure 5. The S. polycystum thalli of Central Java, Indonesia. A. Menganti BeachB. Karimunjawa. a. Leaf, b. Vesicle, c. Stipe 

 
 

A B 
 
Figure 6. Leavy thalli of the S. polycystum of Central Java, Indonesia. A. Menganti, B. Karimunjawa. a. Ovale, b. Elliptic, c. Oblongate  

 
 

 

A B 
 
Figure 7. The shape of thalli leaves of the S. polycystum of Central Java, Indonesia. A. Menganti, B. Karimunjawa  
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 b 

 c 

a 
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Stipe of the S. polycystum taken from the Menganti 

Beach is cylindrical, rough, with the length of 2-34 cm, and 
dark brown. Meanwhile, the stipe-thalli of S. polycystum 
from the Karimunjawa Beach are cylindrical with the 
length of 6.8-47 cm and light brown color. The stipe-thalli 
of Karimunjawa Sargassum is also branch where the 
branch from the first branch then second, etc. The main 
stipe-stick on the deep seabed with stagnant water. The 
thallus of the main branch has a bigger diameter and darker 
color than the following branches. The thalli of Menganti 
Sargassum mostly are having the sole branch, primary 
branch, only one individual out of 30 individuals has a 
secondary branch (Cheang et al. 2008). 

Vesicles of the Menganti S. polycystum are round with 
0.1-0.9 cm diameter, dark brown but the one from 
Karimunjawa Beach has round to oval and 0.1-1.3 cm 
diameter and light brown in color (Figure 8). Vesicles are 
specific organ to help the seaweed’s thallus buoyancy so 
this organ is completed with pneumatocyst or bladder, air 
bubbles contain CO2 or O2.  

Correlation analysis between Menganti environmental 
parameters and thalli variations showed a correlation 
between salinity and pH toward the variations in thalli 
(p<0.05) with the coefficient correlation of (r) = 0.416. 
There is also a correlation between salinity and pH to the 
vesicle’s length. Meanwhile, analysis correlations between 
environmental factors of the Karimunjawa to the thalli 
variation showed there is a significant relationship between 
water temperature, salinity, pH and colour of the vesicles 
(r=0.390 and p=0.033); nitrate and phosphate content to the 
leaf width, upper and lower surfaces of the leaf thallus; and 
the phosphate content also corresponds to the leaf’s edge 
and vesicle diameter (p<0.05) (Mayakun and Prathep 
2005).  

Data analysis of effect of environment to environment 
parameters using a GLM (General Linear Model) program 
showed a nonsignificant effect between water temperature, 
salinity, pH, nitrate and phosphate contents toward 
variations of S. polycystum thalli (Fcalc<Ftable and p>0.05), 
but salinity and pH had an effect on vesicle length. The 
environment parameters of the Karimunjawa, however, 
showed a significant effect of the variations of the thalli 
(Fcalc<Ftable p<0.05). There is a significant effect of water 
temperature, salinity, and pH to the vesicle's color, the 

content of nitrate and phosphate affects the length, width, 
edges, as well as the upper and lower surface of the 
seaweed S. polycystum seaweed (Fcalc>Ftable and p<0.05).  

Generally speaking, leafy and stalky thalli, as well as 
the vesicles of S. polycystum from the Menganti Beach 
show a shorter, thicker and darker color than that of grown 
in the Karimunjawa Beach. This phenom might probably 
come from the quality of the environmental factors with 
higher water temperature and so high tides (Table 1).  

The differences in their environment factors like 
salinity, shallowness, nitrate and phosphate content, pH, 
tides, lead to cause different growth rate as well as the sea 
weed's quality since they belong limiting factors of the sea 
weed's to grow optimally. The extreme environmental 
factors, however, lead to disturbing the seaweed to grow 
optimally, since they disturb reproduction phases, slowing 
down the growth rate and even causing death.  

Morphological characters strongly depend on the 
physiological tolerance of the seaweed to adapt with its 
environmental factors like water temperature, salinity, and 
pH. Sea tides are also important factors in seaweed's 
growth since they affect the seaweed's existence in a 
particular area (Harley et al. 2012). The water temperature, 
however, is the main factor affecting the seaweed's growth. 
Increase water temperature may reduce the amount of 
dissolved oxygen content leads to affect photosynthesis 
processes of the seaweeds (Haas et al. 2014).  

 
Table 1.  Observation of physical chemistry parameters of the 
Menganti and Karimunjawa Beaches of Central Java, Indonesia   
 

Environment parameters Menganti 
Beach 

Karimunjawa 
Beach 

Water temperature (ºC)  31-35 28-29 
Salinity (‰) 29-30 28-29 
pH 6-7 7-8 
Nitrate (ppm) 0.485-0.876 0.089-0.670
Phosphate (ppm)  0.438-0.499 0.334-1.162
Chlorophyll content (mg.L-1)  23.11-26.32 16.07-18.03
Fe  (mg.L-1)  not detection not detection  
Mg  (mg.L-1)   1.779-2.096 0.779-2.165
Water clarity (m) 4.75 6-7 
Shallowness (m) 1.50 2.31 
Current velocity (m.sec.-1)) 0.6 8-25 
The tides (m) 1.5-2.0 0.2-0.45 

 
 
 
 

 
A B 

 
Figure 8. Vesicles of S. polycystum of Central Java, Indonesia. A. From Menganti Beach, B. From Karimunjawa Beach. A. rounded, 
B. Ovale 
 
 

 a     

    a              a                b                 b             a 



 B IODIVERSITAS  18 (3): 1004-1011, July 2017 

 

1010 

 
Variations in water temperature also caused surface 

uses sea weed's dispersal in a particular area (Lin 2011), 
they can grow on the range of temperature between25-
35ºC, and optimally at 25ºC. Optimum phosphate content 
in the water is 0.1-0.2 mg.L-1, while nitrate content lies 
between 0.1-0.7 mg.L-1 (Gutov et al. 2014). The too low 
water temperature, however, may affect the sea weed's 
physiological activities like stopping biochemical processes 
in the thallus, on the contrary, too high water temperature 
disrupt its enzyme and disturb biochemical processes in the 
thalli. Meanwhile, the too high or too low salinity level of a 
particular area will disrupt the osmosis processes of the 
seaweeds. Adaptation capacity of the seaweeds in facing 
the fluctuation of water salinity, by adjusting ions 
concentrations in the thalli to keep the concentration 
outside and inside of the thallus still balance (Lin 2011). 

Differences in water salinity lead to variations in 
colonization and morphological characters of the seaweeds 
(Choi et al. 2010). The range for optimum salinity varies 
between 33-40 ppm. Water pH is also one of the most 
important growing factors of the seaweeds. The pH level 
will affect total carbon molecules can be used by the sea 
weed's photosynthesis, optimum pH for optimum growth is 
7, if the water pH is < 6, so the carbon molecules will be in 
dissolved CO2 or carbonic acids and when the pH varies 
between 6-10, the carbon molecules will dissolve in 
bicarbonate ions HCO3-, and carbon will be in the form of 
CO3

2-if the water pH > 10 (Lin 2011; Litaay 2014). 
Wave tides were also noted as one of several 

environment factors affecting the seaweeds habitat. 
Sargassum grows in intertidal zone with high and low tides 
and sublittoral zone by sticking its thallus to the strong 
substrate through its holdfast or buoyancy on the sea 
surface. Most of the Sargassum grow in coral reefs 
especially in the sand flat which dried, sandy, and having 
life and death corals during the low tide. In the low water 
temperature, Sargassum will grow with a larger size but 
different form (Boaden 1995; Choi et al. 2010). The red 
seaweeds pf G. corticata species taken from the low 
intertidal area has low antioxidant activities characters due 
to environmental stresses characters like improper water 
temperature, or low level of sunshine. On the other hand, 
brown seaweed of S.tenerrum taken from middle intertidal 
showed a higher antioxidant activity due to the low level of 
environmental stress (Yuwono 2015). Coral reef 
communities are in a state of change throughout their 
geographical range, factors contributing to this change 
include bleaching or the loss of algal symbionts, physical 
damage, and disease and increasing abundance of 
macroalgae (Ostrander et al. 2000; Raymundo et al. 2007; 
Andrew et al. 2008). Overfishing and nutrient loading have 
altered interactions among macroalgae and their 
herbivores, leading to significant increases in macroalgal 
cover (Yñiguez et al. 2008; Bahartan et al. 2010; Lapointe 
and Bedford 2010). The increased abundance of 
macroalgae negatively affects coral growth and 
recruitment, and this has long-term consequences on the 
physical structure of the reef (Costa et al. 2008; Andrew et 
al. 2008: Hafting et al. 2012). 

In conclusion, the thallus of leaves and vesicles S. 
polycystum from Karimunjawa were more varied than 
those from the Menganti Beach. There was a correlation 
between water salinity and pH in Menganti Beach of the 
length of the vesicle S. polycystum (p<0.05) where the 
coefficient of correlation is (r)=0.416, but nitrate and 
phosphate content weren't correlated to the vesicle length. 
Whereas water temperature, salinity, and pH in 
Karimunjawa Beach were correlated with the vesicle's 
color (r=0.390 and p=0.033), nitrate and phosphate affect 
width as well as upper and lower surfaces of leaves, and 
phosphate also affects so the thallus edge and vesicle 
diameter (p<0.05). Water temperature, as well as the nitrate 
and phosphate contents in Menganti Beach, had no 
significant effect on thallus variation of S. polycystum, but 
salinity and pH had an effect on vesicle length. Whereas 
water temperature, salinity, and pH in Karimunjawa Beach 
have a significant effect on vesicle color, the content of 
nitrate and phosphate affects the width as well as the upper 
and lower surface of leaves. The phosphate also affected 
the edge of the leaf and the vesicle diameter of the S. 
polycystum (Fcalc<Ftable p<0.05).   

The general conclusion, thalli variation are influenced 
by growing environment, so polymorphism always occurs 
both in individuals and among individuals in Sargassum. 
Therefore, to convince the boundaries of a species need 
other supporting data, such as anatomy and genetic 
variation. The polymorphism species is influenced by 
genetic and environmental traits. According to Tentahen et 
al. (2011) analysis of the brown seaweed genome, 
Ectocarpus siliculosus use of genes for real-time PCR 
shows that both groups of these genes are the original 
operon and regulate alginate as a single non-glucose carbon 
source. These observations strongly support that genes 
participate for the detection and synthesis of alginates. 
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Abstract. Roesma DI, Tjong DH, Munir W, Agesi AV, Chornelia A. 2017. Genetic diversity of Tor douronensis (Pisces: Cyprinidae) in 
West Sumatra, Indonesia. Biodiversitas 18: 1018-1025. A random amplified polymorphic DNA-polymerase chain reaction (RAPD-
PCR) analysis was applied to determine the genetic diversity within and among the populations of Tor douronensis in West Sumatra 
river system. The results provided information for proper breeding, maintenance, and conservation of T. douronensis. The highest and 
the lowest values of genetic diversity were the population of Batang Matur (H = 0.1571; I = 0.2411) and Batang Malalo (H = 0.0880; I = 
0.1353), respectively. The value of genetic differentiation (GST) was 0.4266 while that of heterozygosity between populations (DST) and 
within a population (HS) was, respectively, 0.088 and 0.1184. The value of gene flow between populations (Nm) was 0.6721. Grouping 
of individuals in a population based Principal Coordinates Analysis (PCO) and UPGMA was in line with the genetic distance values. 
Matur and Malalo were the most closely related populations (0.0174) while Batang Gumanti and Batang Sinuruik were the most 
distantly related populations (0.1918). The genetic variation between populations was lower than the genetic variation within the 
population of T. douronensis and population of Matur is recommended to be used as brood stock in the procurement of stock. 

Keywords: Genetic variation, Cyprinidae, Tor douronensis 

INTRODUCTION 

Genetic diversity or variability is an essential 
characteristic of any population for the fitness of 
individuals as well as the survival of the whole population, 
permitting adaptation to the changing environmental 
conditions and stress (Mukhopadhyay and Bhattacharjee 
2014). Tor douronensis is one of freshwater fish, belonging 
to the family of Cyprinidae, known as Mahseer, or Semah 
(named as Garing fish in local West Sumatra people). T. 
douronensis was a favorite freshwater fish in the fishing 
games and as a food source. This fish uses rivers to migrate 
from lowland to highland for food and breeding, thus they 
can reveal a wide range of genetic diversity as regards to 
adaptation to different ecological conditions. According to 
Roberts (1999), Tor species probably occur in large 
mountain streams throughout the Malay Peninsula and the 
larger Sundaic islands of Borneo, Sumatra, and Java. In 
general, the existence of the genus of Tor is under threat. 
Of these threats are including overfishing, pollution, habitat 
loss and change. Breeding experiment programs on T. 
douronensis has been carried out, but the program is not 
satisfactory because of the lack of supporting data both 
phenotypically and genetically. Information on genetic 
variation in fish species is important to support breeding 
and conservation programs. Turan et al. (2004) and 
Chandra et al. (2010) emphasized that the detail 

information on the population structure of the species is 
important for sound biodiversity management of fisheries 
resources. One of that information is genetic variation. 

The evaluation of genetic variation has needed a rapid 
and precise method using the molecular marker. Random 
Amplified Polymorphic DNA (RAPD) marker has been 
widely applied in genetic variation of fish. According to 
Fuchs et al. (1998) and Bardakci (2001), RAPD-PCR can 
be used as an efficient molecular tool to differentiate 
allopatrically and/or sympatrically isolated populations and 
has been widely used to delineate the available gene pool 
of locally adapted populations of a species that may have 
arisen either by means of genetic selection under different 
environmental pressure or as a result of genetic drift. There 
is a serious decline of Mahseer population in different 
ecosystems and it will threaten its existence. The 
degradation of genetic diversity of a species that may be 
due to decreasing population size or damage of habitat will 
reduce its capability for adaptation and increases the risk of 
its extinction. Therefore, it is necessary to determine the 
genetic variation of T. douronensis between and within 
populations in West Sumatra to detect the populations 
which have a high genetic variation to be used as 
germplasm both for cultivation and conservation. Our 
results provide firsthand information that may be used in 
the proper breeding, maintenance, and conservation of this 
fish fauna as well as in other dwindled population. 
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MATERIALS AND METHODS 

Samples collection 
A total of 22 rivers have been surveyed to collect T. 

douronensis and the populations were found in 21 rivers. 
Six populations with the largest number of individuals were 
used for analysis. These population included T. 
douronensis from Batang Gumanti River, Batang Antokan 
River, Batang Malalo River, Batang Matur River, Batang 
Sinuruik River and Lubuk Mangkuih River (Figure 1). The 
DNA samples were taken from liver tissues. 

DNA extraction 
Genomic DNA of T. douronensis samples was isolated 

by using DNA isolation kit (High Pure PCR Template 
Preparation Kit, Roche, Germany) with a slight 
modification in water volume. The DNA quality and 
quantity were determined by using agarose gels 
electrophoresis.  

Primer selection  
Fifty arbitrary decamer primers of random sequences 

obtained from Operon Technologies Inc., Alameda, USA 

were tested for further analyses on the basis of the 
numbers, variability, and reproducibility of the bands 
obtained. The tested primers are listed in Table 1. All 
primers have 60-70% G-C content. 
 
Table 1. Primers and primer sequences tested for detection of 
polymorphism in T. douronensis populations 
 
Primer Sequence (5’-3’) G + C Content (%) 
OPA01 
OPA02 
OPA03 
OPA04 
OPA05 
OPA06 
OPA07 
OPA08 
OPA09 
OPA11 
OPA12 
OPA13 
OPAA-01 
OPAC-15 
OPB-10 

CAGGCCCTTC 
TGCCGAGCTG 
AGTCAGCCAC 
AATCGGGCTG 
AGGGGTCTTG 
GGTCCCTGAC 
GAAACGGGTG 
GTGACGTAGG 
GGGTAACGCC 
CAATCGCCGT 
TCGGCGATAG 
CAGCACCCAC 
AGACGGCTCC 
TGCCGTGAGA 
CTGCTGGGAC 

70 
70 
60 
60 
60 
70 
60 
60 
70 
60 
60 
70 
70 
60 
70 

 
 
 
 
 
 

 
 
Figure 1. The locations map of sample collection in West Sumatra, Indonesia 
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RAPD-PCR assay and documentation of amplified 
products 

PCR cycling programs were performed as follows: 
initial denaturation at 940C for 2min followed by 45 cycles 
of 940C, 1min for denaturation; 360C, 1min for annealing; 
720C, 2.5 min for elongation; and finally an extension at 
720C for 10 min (Yoon and Park 2001). The amplified 
products were size-fractionated in 2% (w/v) agarose gel 
with ethidium bromide 6.5 μl at a constant voltage of 100V 
and 100mA current in TAE buffer (40mM Tris-HCl, pH 
8.0; 20mM acetic acid; and 1mM EDTA, pH 8.0) using 
electrophoretic apparatus. The molecular size of each band 
was estimated using a standard 100 base pair ladder. The 
gels were visualized on the UV-trans illuminator gel 
document system. 

Statistical analysis 
The RAPD is a dominant marker that cannot distinguish 

between homozygous and heterozygous dominant 
individuals. RAPD data was analyzed for assessing within 
and between populations genetic variability of T. 
douronensis in the six rivers. The RAPD marker profiles 
were determined by direct comparison of the amplified 
profiles and the obtained data were computed and analyzed 
in the form of binary variables (1 = band was present or 0 = 
band was absent). The RAPD data was analyzed using 
POPGENE 1:32 software (Yeh et al. 1997). The program 
analyzed both the Value of genetic distance (genetic 
distance) and the value of gene flow (Nm). Genetic 
variation within and between populations can be 
determined by calculating the average number of alleles 
per-locus (Na). The results of the analysis also showed the 
percentage of polymorphic loci (Pp), genetic diversity of 
Nei (H), phenotypic diversity index of Shannon (I), 
heterozygosity in a subpopulation (HS), heterozygosity of 
total population (HT), Value of heterozygosity between 
populations (DST), and genetic differentiation between 
populations (GST).  

RESULTS AND DISCUSSION 

Of the 15 selected primers, 10 primers showed 
amplification product and polymorphism. The primers 
were OPA 01, OPA 02, OPA 03, OPA 04, OPA 07, OPA 
09, OPA 11, OPA 13, OPB 10 and, OPAA 01. 
Visualization of DNA electrophoresis resulted from 
amplification using the selected primers are shown in 
Figure 2.Different banding patterns produced by different 
primers. The results of 10 primers PCR amplification 
showed the varying size of bands which reflected the 
molecular weight of scorable bands generated by these 
primers. The band sizes ranged between 188 and 2000 bp 
(Table 2).The total number of fragments were 201. The 
number of band on each primer ranged from 13 bands 
(OPA 01) to 28 bands (OPA 11), with an average of 20.1 
bands per primer (Table 3.) 

From the present study, we obtained 197 polymorphic 
bands with an average of 19.7 bands per primer and 4 
monomorphic bands with an average of 0.4 bands per 
primer. Polymorphic bands of each primer were also varied 
from 11 to 28 bands. A number of the polymorphic band 
also revealed the extent of genetic variation within a 
species. The value 11 to 28 bands indicated that genetic 
variation of T. douronensis in West Sumatra was high. 
Arora and Julka (2013) described in their research on 
genetic variation of T. putitora that the range of the number 
of the polymorphic band between two to six indicated that 
the species has low genetic variation.  

Of the ten primers, seven primers produce DNA bands 
that were all polymorphic (100%). The primers were OPA 
02, OPA 04, OPA 07, OPA 09, OPA 11, OPA 13 and 
OPAA 01. The other three primers (OPA 01, OPA 03 and 
OPB 10) showed polymorphism of 86.4%, 94.1% and 
96.0%, respectively (Table 1). The high polymorphism 
bands obtained in this study indicated that these primers 
could be used to detect the genetic variation in populations 
of T. douronensis in West Sumatra. 

From DNA band profiles, we observed that each of the 
population shows the existence of specific bands. Specific 
band is a band that is only found in one population and not 
found in other populations. The data in Table 4 shows that 
the populations with the high number of specific bands are 
populations from Batang Gumanti and Batang Sinuruik 
which consisted of nine and eight specific bands, 
respectively; meanwhile, no specific band was found in the 
population of Batang Matur. Specific band in a population 
can be used to differentiate the individuals in a population 
with that of other population. According to Mohindra et al. 
(2007), the number of specific bands indicates the 
occurrence of the genetic variation between populations. In 
addition, Dieckmann et al. (2004) concluded that the more 
specific band they have indicated the higher genetic 
differentiation between populations, and over the time it 
will give a possibility to the process of speciation. 

The presence of a specific band in a population may be 
due to the geographic isolation. Population in perfectly 
isolated habitats enables the prevention of migration of 
individuals between populations. If there is a limited gene 
flow between populations, the frequency of genes in a 
population will be different from before, in which the 
genetic mixing between populations does still occur. 
Changes in gene frequencies will trigger the genetic 
differences between populations. The number of the 
specific band on Batang Gumanti and Batang Sinuruik 
populations indicated that these populations have been 
isolated so that the possibility of migration of individuals 
between populations is less likely to occur and no genetic 
mixing will take place. The absence of a specific band in 
Batang Matur population indicated that the population is in 
an equilibrium state and is able to maintain its genetic 
structure. In a large population, random mating is highly 
likely to take place so that genetic variation can be 
maintained and gene frequency in the population is stable.  

 
 
Table 2. Type of the primers used and the size of the resulting band 
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Primer  Band Size (bp) 
OPA 01 
OPA 02 
OPA 03 
OPA 04 
OPA 07 
OPA 09  
OPA 11 
OPA 13 
OPB 10 
OPAA 01 

1.900, 1.780, 1.500, 1.125, 1.075, 1.013, 950, 733, 560, 425  
1.730, 1.700, 1.600, 1.580, 1.550, 1.500, 1.375, 1.188, 1.063, 950, 850, 730, 670, 600, 550 
1.600, 1.500, 1.375, 1.250, 1.125, 1.062, 1.000, 933, 800, 767, 733, 675, 625, 550, 440  
1.409, 1.227, 1.136, 1.090, 1.000, 950, 925, 833, 750, 640, 525, 486, 443, 283  
1.723, 1.580, 1.438, 1.250, 1.063, 700, 560, 475, 450, 425, 400, 320, 220 
2.000, 1.500, 1.335, 1.285, 1.215, 1.167, 925, 800, 700, 650, 625, 575, 550, 440, 350 
1.680, 1.500, 1.375, 1.312, 1.125, 950, 800, 725, 700, 633, 600, 550, 525, 500, 460, 400, 370, 340, 333, 320  
1.700, 1.600, 1.428, 1.400, 1.357, 1.200, 1.188, 1.063, 950, 833, 775, 700, 675, 625, 600, 480, 383 
1.870, 1.670, 1.600, 1.540, 1.437, 1.300, 1.250, 1.063, 950, 900, 850, 825, 800, 700, 600, 360, 300, 188 
1.725, 1.700, 1.600, 1.500, 1.313, 1.125, 1.000, 867, 817, 800, 725, 700, 540, 500, 450, 400, 385, 343, 300 

 
 
Table 3. Types of the primers and RAPD band profiles generated from the 50 samples of T. douronensis 
 

No. Primer Total number 
of band 

Number of 
monomorphic bands  

Number of polymorphic 
bands  

Percentage of polymorphic 
bands  

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

OPA 01 
OPA 02 
OPA 03 
OPA 04 
OPA 07 
OPA 09 
OPA 11 
OPA 13 
OPB 10 

OPAA 01 

13 
17 
17 
21 
21 
16 
28 
23 
25 
20 

2 
0 
1 
0 
0 
0 
0 
0 
1 
0 

11 
17 
16 
21 
21 
16 
28 
23 
24 
20 

84.6 
100 
94.1 
100 
100 
100 
100 
100 
96.0 
100 

Total 201 4 197 974.7 
Average 20.1 0.4 19.7 97.47 
 
 
 
OPA 11 

 
OPA 13 

 
OPB 10 

 
 
Figure 2. Representative 2% agarose gel showing RAPD Tor douronensis fragment patterns generated using OPA 11, OPA 13 and OPB 
10 primers (three of ten primers) from Batang Gumanti samples (1-8); Batang Antokan samples (9-18); BatangMalalo samples (19-25); 
BatangMatur samples (26-35); Batang Sinuruik (36-40); Lubuk Mangkuih samples (41-50). M = Marker 
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Table 4. Profile of specific band on six populations of T. 
douronensis 
 

Loci Population 
BG BA ML MT BS LM 

OPA 02-1.600 V      
OPA 02-1.730  V     
OPA 03-733 V      
OPA 03-1.660      V 
OPA 04-329     V  
OPA 04-486 V      
OPA 04-500     V  
OPA 04-712     V  
OPA 09-575 V      
OPA 09-1.167  V     
OPA 09-1.285  V     
OPA 09-1.335 V      
OPA 09-2000 V      
OPA 11-612     V  
OPA 11-950 V      
OPA 11-1.900      V 
OPA 13-360     V  
OPA 13-525     V  
OPA 13-612 V      
OPA 13-625     V  
OPA 13-1000     V  
OPB 10-460      V 
OPB 10-1.445     V  
OPAA 01-300   V   V 
OPAA 01-1.278       
Total 8 3 1 0 9 4 
Note: BG = Batang Gumanti; BA = Batang Antokan; ML = 
Malalo; MT = Matur; BS = Batang Sinuruik; LM = Lubuk 
Mangkuih. 
 
  
 
Table 5. Results of the analysis of genetic variation of T. 
douronensis in each population 
 
Population n H I Pp (%) 
Batang Gumanti 8 0.1033 0.1543 29.85 
Batang Antokan 10 0.1074 0.1607  31.34 
Batang Malalo 7 0.0880 0.1353 28.36 
Batang Matur 10 0.1571 0.2411 52.74 
Batang Sinuruik 5 0.1177 0.1708 28.86 
Lubuk Mangkuih 10 0.1366 0.2001 36.32 
Note: H: average of heterozygosity/Nei’s gene diversity, I: 
Shannon information index, Pp%: Percentage of polymorphic 
loci, n: number of samples 
 

 
 

Table 6. Results of the analysis of genetic variation in 35 
individuals of T. douronensis and the value of gene flow. 
 
Number 

of 
samples  

HT HS DST GST NM 

50 0.2064 0.1184 0.088 0.4266 0.6721 
Note: HT: Total Heterozygosity in a population (HS+DST), HS: 
Heterozygosity within population, DST: Heterozygosity inter-
population, GST: Genetic differentiation inter-population, NM: 
Gene flow value  

Tor douronensis genetic diversity can be estimated by 
the percentage and the number of polymorphic loci. The 
highest percentage of polymorphic loci was found in T. 
douronensis population of Batang Matur (52.74%) with 
106 polymorphic loci while the lowest percentage of 
polymorphic loci was found in the population of Batang 
Malalo (28.36%) with 75 polymorphic loci. The average of 
heterozygosity (H) and Shannon Index (I) were also used to 
determine the genetic diversity in a population (Nei and 
Kumar, 2000). Batang Matur population showed the 
highest mean values of heterozygosity and Shannon Index 
(H=0.1571 and I = 0.2411). Meanwhile, population of 
Malalo showed the lowest mean values heterozygosity and 
Shannon index (H = 0.0880 I = 0.1353) (Table 5.) 

Our study revealed that the overall genetic diversity of 
T. douronensis in Batang Matur population was higher than 
other populations (Lubuk Mangkuih, Batang Antokan, 
Batang Gumanti, Batang Sinuruik and Batang Malalo) 
(Table 5). The high value of 1) the average heterozygosity, 
2) the percentage of polymorphic loci and 3) Shannon 
index of Batang Matur population probably caused by the 
population size of T. douronensis in Batang Matur. 
According to Frankham et al. (2002), a large population 
can prevent the decline of genetic diversity due to 
inbreeding effects and fixation of some specific alleles in 
the population. Therefore, in a large population, the chance 
of random mating is higher, and the heterozygosity will 
increase. Avise (1994) and Dunham (2002) concluded that 
the high value of heterozygosity is important for a 
population to maintain its long-term survival and also to 
ensure fitness to enable the population to adapt to 
environmental changes. The lowest values of 1) the 
average value of heterozygosity, 2) the percentage of 
polymorphic loci and 3) the Shannon index was found in 
Batang Malalo population. These conditions may be due to 
the small population size of T. douronensis on this site. 
Silas et al. (2005) reported in his research on genetic 
diversity in Balamore river that percentage  of polymorphic 
loci of T. malabaricus was low (21.79%), which 
presumably due to the small population size that triggered 
high levels of inbreeding. 

The small population size can be caused by natural 
habitat damage of T. douronensis (Ng, 2004). Lack of 
suitable habitat depresses population growth and reduces 
the reproductive ability while reproduction is critical for 
the survival of gene diversity. Reproduction is a 
fundamental unit and its presence is important for the 
formation of new individuals and the diversity of genetic 
resources of a population. Additionally, an increase of 
exploitation of habitats will result in the increase of critical 
populations in their natural habitat. Kottelat et al. (1993) 
stated that most species of the genus Tor are threatened, 
especially by forest clearing and overfishing. In addition to 
population size, Nugroho et al. (2005) stated that the low 
genetic variation indicates that the population has low 
migration rate and is isolated, therefore, the exchange of 
genes between populations are less frequent. Restriction of 
gene exchange will result in inbreeding. This situation, in 
the long term, will result in low genetic variation and 
increased homozygosity. These conditions will get worse 
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with the damage of T. douronensis habitat because it will 
reduce the fitness of Tor population. Roesma et al. (2016) 
strengthened the importance of paying more attention to the 
water condition in Sumatran Rivers because it is important 
for Mahseer fish habitat. As this fish species is a migratory 
species heading to the headwaters for spawning, they need 
clear and fast flowing water.  

Overall analysis of genetic variation shows that the DST 
value (0.088) is lower than HS value (0.1184), meaning that 
genetic variation between populations is lower than the 
genetic variation within the population. This is supported 
by the calculated genetic differentiation value (GST) of T. 
douronensis in West Sumatra (0.4266) (Table 6.) GST value 
indicates that 42.66% of the total genetic variation was in 
between population and 57.34% was within the population. 
Beaumont and Hoare (2003) stated that low GST values had 
been affected by the Ne value (average number of effective 
alleles). If Ne is high, then the allele frequency differences 
between populations will be small, and GST will be low. GST 
value obtained in the present study was supported by the 
high value of gene flow (0.6721). Low GST and high gene 
flow (NM) values showed that the population size in each 
population is large, and therefore, a random mating can 
take place so that the heterozygosity and genetic variation 
within a population can be maintained and increased. 
Based on those values it can be concluded that in West 
Sumatra there were no significant genetic differences 
among T. douronensis between populations. 

The high NM and low GST values obtained in the present 
study were in line with the view of PCO plot (Figure 3). 
The high gene flow value is reflected in the population of 
Batang Malalo with Batang Matur, Batang Gumanti with 
Batang Antokan and Lubuk Mangkuih with Batang 
Sinuruik, which are overlapping one to another. There was 
no relationship of groupings between populations with the 
geographical distance. Each group consisted of a pair of the 
population derived from rivers that do not share a 
geographical relationship. The separation or groupings that 
occur are estimated to be due to the number of specific 
bands possessed by the populations and the ownership of a 
shared allele. 

The result of PCO analysis obtained is in line with the 
results of UPGMA cluster. The grouping patterns of T. 
douronensis between populations can be seen in the 
dendrogram (Figure 4). Dendrogram was generated using 
UPGMA (Unweighted Pair-Group Method with Arithmetic 
mean) (Nei 1991) using the software MEGA ver. 4 
(Tamura et al. 2007). 

Illustration in Figure 4 shows the genetic relationship 
among T. douronensis populations in West Sumatra. 
Grouping based on cluster analysis using UPGMA was 
supported by the value of genetic distance between each 
population (Table 7). Based on the calculated genetic 
distance of six T. douronensis populations, the smallest 
genetic distance value was found between Batang Malalo 
and Batang Matur populations (0.0174). Meanwhile, the 
largest value was found between Batang Gumanti and 
Batang Sinuruik populations (0.1918).  

 
Figure 4. Dendrogram showing the genetic relationship among 
six Tor douronensis populations in West Sumatra 

 
 
Table 7. Matrix of genetic distance in six populations of T. 
douronensis 
 
No Population 1 2 3 4 5 6 
1 Batang Gumanti 0.0000      
2 Batang Antokan 0.1118 0.0000     
3 Batang Malalo 0.1194 0.1412 0.0000    
4 Batang Matur 0.1083 0.1140 0.0174 0.0000   
5 Batang Sinuruik 0.1918 0.1669 0.1191 0.1035 0.0000  
6 Lubuk Mangkuih 0.1845 0.1586 0.1172 0.0923 0.0414 0.0000
 

 
 
 

 
 
Figure 3. Plot of Ordinated Principal Coordinates Analysis (PCO) of all populations 
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The close relationship between BatangMalalo and 
Batang Matur populations indicated that fish from the two 
regions may have derived from the same lineage. The small 
value of the genetic distance between Batang Malalo and 
Batang Matur showed that the populations can maintain 
their allele which is indicated by the number of the 
common bands they have. The high value of genetic 
distance between Batang Gumanti and Batang Sinuruik 
population presumably because the two populations are not 
able to maintain their alleles as indicated by the number of 
specific bands they possessed. It is believed that the 
different environmental conditions between Batang 
Sinuruik and Batang Gumanti have given different 
influences in each population. Solue and Gilpin (1986) 
stated that environmental factors might influence the 
genotype as a process of adaptation or defense as a result of 
the change of environment. Geographically, the location 
between the two areas is quite far apart. These factors may 
also have affected the value of the genetic distance between 
these populations. Geographical distance caused the 
migration capability is limited so that the relationship 
between two populations become genetically apart. Iguchi 
et al. (1999) stated that the isolation due to differences in 
the distance is one of the factors that affect the rate of gene 
flow between far apart locations and eventually lead to 
genetic differences.  

In the previous analysis, it was explained that based on 
PCO analysis (Figure 3) and UPGMA cluster (Figure 4) 
there was no relationship of groupings between populations 
with geographical distances (Batang Malalo-Batang Matur 
populations, Batang Gumanti-Batang Antokan populations, 
and Lubuk Mangkuih-Batang Sinuruik populations). Each 
of these groups also consisted of a pair of the population 
that came from rivers that have no geographical 
relationship. The grouping of individuals within each 
population was estimated because each population has an 
almost equal ability to maintain the inherited alleles of its 
ancestors. This can be observed from the number of 
specific bands possessed by the population and the specific 
allele they shared. Thus, for this pair of the allopatric 
population, the equality of shared allele has put this 
population within overlapping groups. 

In conclusion, based on RAPD-PCR analysis, the 
genetic variation of T. douronensis inter populations is 
lower than that of intra-population. The population of 
Batang Matur is recommended to be used as brood stock in 
the procurement of stock. As Carvalho (1995) and Dinesh 
et al. (1996) state that generally individuals with greater 
genetic variation have higher growth rates, developmental 
stability, viability, fecundity and resistance to 
environmental stress and diseases. 
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Abstract. Anna Z, Saputra DS. 2017. Economic valuation of whale shark tourism in Cenderawasih Bay National Park, Papua, 
Indonesia. Biodiversitas 18: 1026-1034. The whale sharks aggregation in the waters of Cenderawasih Bay has an impact on improving 
the marine tourism industry in the region. On the other hands, Whale Shark is one of the species listed in the Red List of Threatened 
Species by the International Union for Conservation of Nature (IUCN), the vulnerable status, means that a whale shark populations have 
been reduced by 20% to 50% within 10 years or three generations. The decline numbers of whale sharks caused by human activities that 
damage the fish and the habitat, such as fishing and tourism activities. This is due to the lack of public awareness about the function and 
value of these resources and its habitat. The whale shark has inherent value as marine resources, and has an environmental services 
value, in relation to tourism activities. This paper measures the economic value and environmental services of the whale shark and its 
habitat. The method of Travel Cost is used to calculate the value of expenditures incurred by both foreign and local tourists. The study 
also measured the value obtained by tourist operators, the value of fishing activities, and the value of the habitat, through the people's 
Willingness to Pay (WTP), using Contingent Valuation Method (CVM). From the result of the overall economic valuation can be 
determined the estimated value of whale shark tourism, as well as Cenderawasih Bay National Park area, amounted to IDR 35.5 trillion. 
The policy implication of this research is the need for appreciation of the whale sharks value, as well as its habitat, by managing and 
developing conservation areas, and community capacity building on the understanding of the importance of whale sharks and its 
conservation. 

Keywords: Whale shark tourism, economic valuation, Travel Cost Methods, Contingent Valuation Methods, Willingness To Pay 

INTRODUCTION 

Indonesian economic condition that has not much been 
improving in recent decades, coupled with the depletion of 
natural resources and environmental degradation which is 
also worsened, prompting the need for more innovative 
thought, to develop more environmentally sound and 
sustainable economic activities, and reduce the pressure of 
exploitation of natural resources and the environment. One 
of the activities that are considered to provide a significant 
economic contribution to the future, when the exploitative 
of nonrenewable natural resources, such as oil, gas, and 
minerals were already short, is tourism (WTTC 2015)  

A wealth of natural resources and the environment with 
an incredible potential, which can be relied upon for the 
tourism development in Indonesia, is a coastal and marine 
resource. Those resources are storing wealth and natural 
beauty, which can be benefited to be developed 
sustainably, as a tourism industry. One of the areas, now of 
concern and have a high demand to be developed as a 
marine tourism destination in Indonesia, is Cenderawasih 
Bay. This area has an extraordinary wealth of biodiversity 
and natural beauty that is difficult to surpass by other 
coastal areas in Indonesia. One particular biodiversity in 
this area, which is hard to find in other coastal areas in 
Indonesia, is the species aggregation of Whale sharks that 
can be seen throughout the year, as the region is a habitat 
for the species (Stacey et al. 2008; Mangubhai et al. 2012).  

The whale shark (Rhincodon typus), is one of the rare 
species with the largest size among other fish in the sea 
(Last and Stevens 1994; Chen et al. 1997; Compagno 2001; 
Andrzejacze et al. 2017). This species has the high 
migratory capability and has their habitat in tropical and 
warm seas (Colman 1997; Colman 1997b). These species 
included in the red list of the International for the 
Conservation of Nature (IUCN 2017), as a species whose 
status is particularly vulnerable because its population 
reduced by between 20-50%, for 10 years or three 
generations of the whale shark. This fish is also included in 
the list of Appendix II of the Convention on International 
Trade in Endanger Species (CITES 2017), which requires 
regulations to be more cautious in the trade of products of 
this species, to prevent population decline. The population 
decline can also be indicated by the decrease in the total 
catch, reported by several studies including Watts (2001), 
Theberge and Dearden (2006), and Myers et al. (2007).  

The decline of the whale shark population is due to 
their habitat in coastal waters, which is vulnerable to 
anthropogenic activities, including illegal, unreported and 
unregulated (IUU) fishing. The whale shark caught a lot in 
some areas because it is believed to have various benefits 
for health, so the demand for this species is quite high, 
especially in China and Taiwan. The scarcity of whale 
shark is also due to the whale shark habitat in the coastal 
waters which is susceptible to many human disturbances, 
including tourist’s activity and water transportation. Whale 
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shark population decline was also due to the slow growth 
rate of these fish (Norman and Catlin 2007). 

However, tourism activities aimed to see a whale shark 
sightings, considered to be less destructive and provide 
greater economic benefits than the hunting of the whale 
shark (Davis et al.1997; Bentz 2013; O 'Malley et.al 2013; 
Cagua et.al. 2014). Study of economic valuation of 
O'Malley et al. (2013), which is supported by Wild Aid, 
found that fish Manta Ray, worth the US $ 1 million dollars 
in tourism activities, compared with earned income for 
only $ 40- $ 500 USD if fish captured and killed. Thus the 
value of Manta Ray of life, 2000 times greater than when 
captured and died.   

Whale shark tourism activity became popular in 
Indonesia, and Cenderawasih Bay became one of the 
destinations that are quite promising to be developed. 
Cenderawasih Bay National Park (CBNP), is a 
conservation area, which consists of the land area of 68,000 
ha, includes the coastal plains, around 12,400 ha, and land 
on the islands of 55 800 ha, as well as extensive water/sea 
with an area of 1.3853 million ha, covering the coral reef 
area of 80,000 ha, and the sea of 1.305 million ha 
(Pattiselanno 2005; Pattiselanno and Jimmy 2014). The 
purpose of the enactment of CBNP, is to maintain and 
preserve the function of the region and to preserve the 
diversity of flora, fauna, and ecosystems found in the 
region.  

Information on the economic value of tourism whale 
shark is very important to note for management purposes. 
Decision-making regarding the development of the area is 
one that should be executed by the government. An 
economic valuation is a tool that can be used to calculate 
the benefits and costs of trade-off, of the policies to be 
taken. This study is expected to be a valuable input for the 
decision-making process, therefore good for biodiversity 
conservation of whale shark, the continued of tourism 
development and management of the marine park area.  

MATERIALS AND METHODS 

To understand the development of tourism whale sharks 
in Cenderawasih Bay, this study concentrates on the non-
market value of the whale sharks in Cenderawasih Bay, as 
seen from the value of tourism whale sharks, using the 
value of consumer surplus (CS) derived from the 
community's reveal preferences, through their pattern of 
expenditures, in visiting CBNP, to see the whale sharks. 
The CS value is a proxy of Willingness to Pay (WTP) of 
the society, in watching these species in their habitat, 
which in this case can be interpreted as a willingness to 
conserve value (let the whale sharks live in the wild) and 
enjoy the environmental services of the species. The study 
also calculated the value of the region of CBNP, using 
economic valuation techniques for non-use value, state 
preference. Contingent Valuation Method (CVM) is hired 
to obtain the value of the community per ha per year 
(WTP) of CBNP, towards conservation, so that the region's 
biodiversity is maintained. In addition, to assess the market 
value of the CBNP region, it is also calculated the value of 

fishing activities in the region, which is calculated directly 
from the survey to the fishermen of their net income. 

Whale sharks habitat in Cenderawasih Bay National 
Park (CBNP) region, located in the waters of Kampung 
Akudiomi or commonly known as Kwatisore, Subdistrict 
of Yaur, Nabire District, Papua Province, Indonesia. The 
study was conducted in Cenderawasih Bay, using the 
questionnaires to fishermen, tourists and tourist operator, to 
determine the value of revenue from capture fisheries, 
expenditure of tourists and other costs to be incurred by 
tourists through tourist operators, as well as the tourists' 
WTP to manage the CBNP.   

The number of respondents interviewed during the 
study includes 71 respondents, comprised of 20 fishermen, 
1 tourist operator, 36 local tourists, and 14 foreign tourists. 
Analysis of revealed preference can be obtained from 
tourist's expenditures, using the Travel cost methods 
(Wood and Trice 1958; Clawson and Knetsh 1966; Carr 
and Mendelson 2003).   

The method is used to analyze the demand for outdoor 
recreation, in this case, enjoy the attractions of whale 
sharks in CBNP. This study uses the individual travel cost 
methods. The method examines the cost of each, to come to 
tourist's destination. By knowing the pattern of consumer 
expenditure, then the value of consumers for environmental 
services can be known. To understand the relationship 
between the number of visits to several economic and 
socio-demographic variables, we use a simple regression 
(OLS). The equation is built with the hypothesis that a visit 
to the tourist attractions, will be greatly influenced by the 
cost of travel, and it is negatively correlated. Thus the 
demand curve has a negative slope. The demand function 
equation is a formula:   

 
Vij = f(Cij, Iij, xij) 
 
Where:  
Vij = No of visit per year 
Cij = Tourist’s Cost/ Expenditure per visit 
Iij = Income 
xij =Other sociodemography variables, such  as age, 

education, dummy gender and dummy tourist origin (local 
and foreign).  

 
From the regression equation, obtained the demand 

function for the average visitor comes, and the area under 
the demand curve is the average of the consumer surplus. 
The demand curve is constructed with the following 
assumptions: (i)  The cost of travel and time costs are used 
as a proxy for the price of recreation. (ii) The travel time is 
neutral, meaning not producing utility and disutility. (iii) 
The visit is a single travel (not multi trips).   

 
In a linear model, the demand function is written as:  
 
V = α0 + α1 C + α2 I + α3 xij  
 
For semi-log model the demand function is:   
 
ln V = α0 + α1 C + α2 I + α3 xij  
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The equation can be obtained from the value of 
consumer surplus, which is a proxy of the tourist’s 
willingness to pay for tourist destinations, which is 
obtained through the formula for a linear function as 
follows:  

 
 
 
 
While for the semi-log function, use the formula as 

follows:   
 
 
 
 
Where:  
WTP = Willingness to Pay 
CS = Consumer Surplus 
α0 = Constanta 
α1 = Cost coefficient  
Tcbar  = Choke price, or the maximum cost which can 

decline the visit to zero (v=0). 
 
To obtain the data structure of tourist expenditures, 

conducted the interview. Tourist expenditure consists of the 
cost of transportation, expenses for tourism at the site, 
including the cost of accommodation and food. 
Expenditure data can also be seen from interviews with 
tour operators, to determine the cost of the package tour. 
The value of CBNP, one of which is calculated from the 
value of the fishery in Cenderawasih Bay, by way of 
interviews with fishermen at the sites. The value of the 
fishery is the production per gear per trip per year 
multiplied by the price per kg, reduced by the cost per trip 
per year. The average value per fisherman revenue is then 
multiplied by the number of fishermen population. 

The intrinsic value of the whale shark obtained using 
the Contingent Valuation Method (CVM), following 
Bateman et al. 2002; Boyle 2003; Smith et al. 2016. The 
hypothetic market made to get the value of WTP is the 
willingness to pay of the respondents to be able to see the 
whale sharks in the wild, which is a proxy of the value of 
environmental services conservation of whale sharks. 
Respondents were comprised of local tourists and 
international tourists. CVM method is also used to see the 
relationship between the willingness to pay of tourists to 
the community socio-economic variables. The relationship 
model analyzed by simple linear regression (OLS), 
formulated as follows:  

  
Vij = f(Iij, Aij, Eij, Gij, DTij) 
 
While the WTP Function is:  
 
Y = α0 + α1 I + α2 A + α3 E + α4 G + dummyα4 T 
 
While the semi-log model formula is:  
 
ln Y = α0 + α1 I + α2 A + α3 E + α4 G + dummyα4 T 
 

Where:  
Y = WTP 
I = Income 
A = Age 
E = Education 
G = Gender 
T = Tourist origin (local and foreign) 
 
WTP’s value is obtained from the average or median, or 

modus in the condition where the data has a high range 
offer. From all the above calculations, the value of 
Cenderawasih marine park areas, obtained from the total 
economic value as follows:  

 
TEV = (DUV + IUV + XV) 
 
Where:  
TEV  =Total Economic Value 
 DUV = Direct use Value 
 IUV  = Indirect Use Value 
 XV  = Existence Value  
 
In this study, direct use value and indirect use value is 

represented by the value of the utilization of the tourism 
activities (from tourist expenditure) and direct utilization of 
fishery activities. For non-use value is represented by 
existence value of WTP of tourists to the conservation of 
whale sharks.   

RESULTS AND DISCUSSION 

Results 
Kampung Akudiomi or commonly known as Kwatisore, 

in Cenderawasih Bay National Park Region (CBNP), where 
whale sharks habitat is located has a wonderful natural 
potential, but infrastructure conditions in Kwatisore and 
surrounding areas are still limited. There are two 
accommodations infrastructure provided around Kwatisore, 
namely: Kali Lemon Resort, which can accommodate 
about ten people and home stay of DKPOP Nabire, which 
can hold about four people. To achieve Kwatisore of 
Nabire, visitors can use two alternative paths, sea and land. 
Regular sea route, using engine speedboat 2x40 PK, it 
takes 1 hour. Meanwhile, a landline can be reached by car 
for 2.5 hours trip. Unfortunately, public transportations 
from Nabire to Kwatisore and vice versa are not yet 
available, so tourists have to rent a speed boat or a car to 
get to the location. The line for mobile phones and the 
internet connection are also not available on site. Similarly, 
for the electricity, so it must use an electric generator. In 
terms of tourism development in the region, some of the 
institutions involved are the Office of Cenderawasih Bay 
National Park (BBCBNP); Local Office of Culture, Youth, 
Sports, and Tourism (DKPOP) Nabire district; tour 
operators; fishermen, and local communities.  

The lack of infrastructure in the region did not deter the 
tourists to come and see the attractions of whale sharks. 
Data from BBNTC (2016), the number of visitors in CBNP 
increased significantly in 2011 (19 times more than in 
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2010) and continued to increase until the year 2015. The 
increase in the number of tourist arrivals, continue, as there 
is growing recognition of whale sharks in CBNP globally. 
The majority of tourists who visit CBNP are foreign 
tourists (except the years 2012 and 2015). Increasing the 
number of visitors also has an impact on improving the 
Non-Tax State Revenue (Table 1).  By taking a random 
sample through the field survey, and interviews with a 
structured questionnaire, descriptive statistics obtained 
from the local tourist respondents as Table 2. As for 
foreign tourists, the structure of the respondent descriptive 
statistics can be seen in Table 3.  

In order to achieve CBNP, and enjoy the whale sharks 
attractions, tourists can go directly to Nabire, using aircraft 
from several major cities in Indonesia. Tourists can take a 
tour package for IDR 5.000.000 per day, covering Nabire 
airport pickup, transportation from Nabire to Kwatisore 
(return), consumption (3 meals and 2 snacks), the use of 
diving equipment and snorkel, accommodations, and 
activities in the field. Tourists placed in an inn, near the 
village, which is named Kali Lemon Resort, which was 
built by the community with the assistance of organizations 
Papua Pro. Thus, if seen from the number of foreign 
tourists there (the average foreign tourist arrivals recorded 
using this package) assuming local tourists not to use a 
package tour, the tour operator has a turnover of IDR 
3,107,000,000 per year or IDR 6,410,000,000 in 2015.  

Some of the tourists come to CBNP using Phinisi (live 
aboard), which originated from Bali and Sorong. Live 
aboard usually go into CBNP region through Manokwari, 
Nabire, or Biak. As live board meaning, which is living on 
the boat, so, all the needs of tourists (accommodation, 
transportation, consumption, diving equipment, etc.), have 
been fulfilled in it, at a price of IDR 7 million per day. 
Because of all the activities and needs of tourists are on 
board, so that the interaction between tourists and local 
communities are usually very limited. However, there is no 

data on how the numbers of visitors who use the travel or 
tour package so no calculation of the package.  

The structure of expenditure of local tourist and foreign 
tourist respondents, including fees ranging from 
transportation costs incurred by the respondents to visit 
tourist sites, both going and returning home, admission fee, 
the cost of consumption, the cost of souvenirs and other 
expenses (rent a boat, diving equipment, etc.). From the 
interviews, it is revealed that the average total cost of local 
tourists is IDR 4,1 million per visit, while foreign tourists 
amounted to IDR 18.9 million per visit. Thus the total 
economic value of Whale sharks tourism in CBNP reached 
IDR 142.35 billion per year or US$ 10.54 Million (using 
the tourist data 2015). The contribution of foreign tourists 
reached 82.4%, while only 17.6% of local tourists.  
Analysis of Travel Cost Method (TCM) is hired for the 
entire respondent (local tourists and foreign tourists). The 
function derived from regression analysis between the 
number of visits to the total costs incurred, and other socio-
demographic variables, as follows:  

 
Linear Model:  
No of Visit = 0.26 + 0.00581Age + 1.18Gender - 0.059 

Education - 0.00000014 Cost+0.00000019 Income - 
0.000096 Distance - 0.30 Local tourist.  

 
Table 1. Number of tourists in Cenderawasih Bay National Park, 
Papua, Indonesia, and the value of non-tax state revenue 
(PNPB)  
 

Year Number of Tourists /Year Non-Tax National 
Revenue (PNPB) IDR Local Foreign Total 

2011 408 339 747 80.250.000 
2012 933 831 1764 221.605.000 
2013 756 1046 1802 249.793.000 
2014 872 1434 2306 369.999.000 
2015 3144 2564 5708 586.160.000 
Total 6113 6214 12327 1.507.807.000 
 

 
 
 

Table 2. Descriptive statistics for local tourist respondent in Cenderawasih Bay National Park, Papua, Indonesia   
 
Variable Minimum Maximum Mean Std. Deviation 
Total Cost/Visit (Rp) 1600000.00 8000000 4096666.67 1771117.48 
Age (Year) 20.00 55 32.2500 8.81030 
Distance (Km) 90.00 3181 292.639 510 
Income/month (Rp) 1000000 10000000 4438888.889 2038245 
Education 12 18 13.58 2.05 
No of Visit 1 15 2.0000 2.52982 

 
 
 

Table 3. Descriptive statistic foreign tourist respondents in Cenderawasih Bay National Park, Papua, Indonesia 
 

Variable Minimum Maximum Mean Std. Deviation 
Total Cost/visit (Rp) 5650000 25000000 18878571.43 5982272.35 
Age 25 78 45 16.69 
Distance 5.02 29.43 20.7756 11.61411 
Income/month (Rp) 5000000.00 22000000.00 17142857.1429 5347280.29 
Education 18 18 18 .00000 
No of Visit 1 3 1.2857 .72627 
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Semi Log Model:  
Ln No of Visit= 0.017 + 0.0126 Age + 0.3136 Gender - 

0.0034 Education - 0.00000005 Cost+ 0.00000003 Income 
- 0.000014 Distance - 0.1242 Local tourist.  

 
The performance of statistical regression analysis to 

model the linear and semi-log can be seen in Table 
4. From Table 4 can be seen that the linear and semi-log 
regression model, has an R2 45.7% and 48.6%, which 
means the number of visits can be explained by the 
explanatory variables as much as 45.7% and 48.6%, the 
rest by other variables. The condition of the low value of 
R2 is not an issue as the criteria of a good model in the 
regression as TCM (Maille and Mendelson 1993; Hanley 
and Spash 1995; Khan 2006; Khan et al. 2014, Fauzi 
2014). For the linear model, the variables age, gender, have 
significant value with 90% confidence level, while for 
costs and income, have a significant value of 95% 
confidence level. As for the model semi-log, the variables 
are significant at the level of 90% is a variable of gender 
and cost. 

Furthermore, to determine the effects of all variables on 
the dependent variable can be seen from the value of F at 
the table has a probability of less than 0.05 or 5% for both 
models, meaning that all the variables jointly affect the 
dependent variable number of visits. Value Durbin-Watson 
statistic (DW) at 1.57 and 1.41 (-2 <DW <2), indicating 
that there is no interference autocorrelation on both models. 
And VIF value below 10 indicates no multicollinearity.  

From the above models, can be calculated consumer 
surplus value, which is basically is a proxy of Willingness 
to Pay (WTP) society, from the cost side. Assuming chock 
price of IDR10 million rupiah, the maximum monthly 
income of the respondents, the results show the value of the 
consumer surplus of IDR 134,926.81 per visit for linear 
models, and IDR 123,385.96, for semi-log models. Thus 

the total WTP of whale shark conservation value is IDR 
770.16 million per year (data in total tourist arrivals in 
2015). While using a semi-log model, the total value of 
Whale shark environmental services is IDR 704.29 million 
per year. This value is of course still very small compared 
to the existing potential. This value can be increased for 
example by managing price uncertainty and tourist fees due 
to transaction costs, which has been the issue that is 
relevant in this area, which make tourists reluctant to come 
to this region.  

The analysis conducted further is the WTP calculations 
to determine the respondents (tourists) willingness to pay, 
for the management of CBNP per ha per year. The features 
of local respondents WTP values, shown in Table 5. Based 
on data in the table, the value of the average WTP local 
respondents IDR 2,513.89. As for foreign tourist’s WTP 
distribution is as Table 6. Based on data in the table, the 
value of the average WTP of foreign respondents is IDR 
6,428.57. The average value of the respondent’s WTP, can 
be used as a reference in determining the value of the price 
per hectare which can then be used as funds to implement 
the conservation and utilization of the National Park. 

Furthermore, to obtain a total value WTP (TWTP) 
respondents, calculated based on the distribution of 
respondents WTP local / foreign. WTP value in each class 
multiplied by the relative frequency (ni/N) is then 
multiplied by the population of each class WTP. The 
multiplication result is then summed, to obtain the value of 
total respondents WTP. Calculation results can be seen in 
Table 7.  

Based on the results of these calculations, the value of 
total respondent's WTP for local tourists of CBNP, 
amounting to IDR 7,903,666.67, per ha per year, where the 
population is the number of visitors to National Parks. 
While for Foreign Respondents, the total value of WTP per 
ha per year can be seen in Table 8.  

 
 
 
 
 
Table 4. Statistical regression analysis performance number of visit with sociodemography variables for linear and semi-log model  
 

Predictor Model linear  Model semi-log 
Coefficient P Value VIF Coefficient P Value VIF 

Constant 0.256 0.951  0.017 0.988  
Age 0.05815** 0.097 2.278 0.0126 0.177 2.278 
Gender 1.1816** 0.075 1.262 0.3136** 0.076 1.262 
Education -0.0593 0.735 2.576 -0.00342 0.942 2.576 
Cost -0.00000014* 0.013 5.820 -0.00000005** 0.063 5.820 
Income 0.00000019* 0.011 7.314 0.00000003 0.344 7.314 
Distance -0.00009637 0.169 6.851 -0.00001398 0.450 6.851 
Tourist Local -0.298 0.880 9.419 -0.1242 0.814 9.419 
R2 45.7% 48.6% 
Adj R2 34.4% 38% 
F Statistic 2.12 2.26 
Prob F stat 0.043 0.048 
Durbin-Watson  1.57 1.41 
Notes: * significant at the interval confidence 95 %, ** significant at the interval confidence 90% 
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Table 5. Value distribution of local tourists respondent 
Willingness to Pay of Cenderawasih Bay National Park, Papua, 
Indonesia 

 
WTP (Rp) Number of 

respondents 
Percenta

ge (%)
1000 10 28% 
1500 2 6% 
2000 8 22% 
2500 4 11% 
3000 3 8% 
3500 1 3% 
4000 1 3% 
5000 7 19% 

 
 
 
 

Table 6. Value distribution of foreign tourist’s Willingness to Pay 
in Cenderawasih Bay National Park, Papua, Indonesia 

 
WTP (Rp) Number of 

respondents  
Percenta

ge
5000 6 43% 
6000 3 21% 
7000 2 14% 
8000 1 7% 
10000 2 14% 

  
 
 
 

Table 7. Willingness to Pay total of local respondents in 
Cenderawasih Bay National Park, Papua, Indonesia 
 

WTP (IDR) 
Frequency 
 (Total 
respondents) 

Population Total Value 
(IDR) 

A B c= (b/d) x e a x c
1000 10 1702 873,333.33 
1500 2 340 262,000.00 
2000 8 1362 1,397,333.33 
2500 4 681 873,333.33 
3000 3 511 786,000.00 
3500 1 170 305,666.67 
4000 1 170 349,333.33 
5000 7 1191 3,056,666.67 
Total 36d) 3144e) 7,903,666.67 
 
 
 
 
Table 8. Willingness to Pay total of foreign Tourists in 
Cenderawasih Bay National Park, Papua, Indonesia 
 
WTP 
(IDR) 

Frequency (No. of 
respondents) Population Total Value 

(IDR)
A B c= (b/d) x e a x c
5000 6 2663 5,494,286 
6000 3 1332 3,296,571 
7000 2 888 2,564,000 
8000 1 444 1,465,143 
10000 2 888 3,662,857 
Total 14d) 2564e)

 16,482,857 
  

Based on the results of these calculations, the value of 
total WTP of foreign respondents in CBNP is amounting to 
IDR 16,482,857, where the population is the number of 
foreign visitors to the National Park. Thus, if calculated for 
the whole CBNP region with the total area of 1,453,500 
Ha, the value of the region is IDR. 35,445,812,154,345.00 
(US$ 2.6 billion). As a comparison study with the 
Continent Valuation Methods from Carr and Mendelsohn 
(2003) found that the best estimates of the annual 
recreational benefits of the Great Barrier Reef is in the 
range between US$ 700 million to 1.6 billion, and the 
domestic value to Australia is about US$ 400 million.  

Regression analysis was conducted to see the 
relationship between WTP of respondents with socio-
economic variables such as age, gender, education, income 
and also the origin of tourists, the result, as Table 9.  

The function derived from regression analysis between 
WTP with socioeconomic variables such as income, age, 
education, gender and origin of tourists showed the 
following equation:   

 
Linear Model:   
WTP = 5430 - 0.000048 Income - 4.8 Age + 98 

Education + 621 Male - 4250 Local. 
 
Semi-log Model:  
Ln WTP = 7.98 - 0.000000 Income - 0.00022 Age + 

0.0467 Education + 0.139 Male- 0.991 Local 
 
From the statistical performance, it can be seen that the 

linear regression model and semi-log, has an R2 60.9% and 
50.1%, which means the number of visits can be explained 
by the explanatory variable as the value, and the rest by 
other variables. For both linear and semi-log models, only 
constant variable and origin of tourists, that have 
significant value, with 90% confidence level. Furthermore, 
to determine the effects of all variables on the dependent 
variable can be seen from the value of F in the table, which 
has a probability of less than 0.05 or 5% for both models, 
meaning that all variables jointly affect the dependent 
variable number of visits. Value Durbin-Watson statistic 
(DW) of 1.97 and 2: 12 (-2.2 <DW <2.2), indicating that 
there is no interference autocorrelation on both models. 
And VIF value below 10 indicates no multicollinearity.  

Values CBNP region in artisanal fisheries activities, 
calculated based on data from interviews with fishermen 
respondents as many as 20 people from a total population 
of 94 fishermen in Cenderawasih Bay. With the number of 
fishing per year on average of 300 days (fishermen conduct 
one day trip fishing), the average production per trip is 5 
kg, the average price per kg is IDR 77.828, and the cost per 
trip on average is IDR 297.725, the value of economic rent 
per fisherman per year is IDR 27.4 million, and the total 
value of fisheries in CBNP region, is IDR 2.6 billion per 
year (US$ 192,592.59). 

From the result of the overall economic valuation, can 
be determined the estimated value of Cenderawasih Bay 
National Park, by some of the benefits that are calculated in 
this study, amounted to IDR 35.5 trillion or US$ 2.6 
Billion, with the details as Table 10.  
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Table 9. Performance statistics regression analysis of Willingness to Payof tourists with sociodemographic variables linear models and 
semi-log models  
 

Predictor Linear Model Semi-log Model  
Coefficient P Value VIF Coefficient P Value VIF 

Constant 5430* 0.056  7.98* 0.000  
Age -4.8 0.836 1.759 -0.000223 0.978 1.759 
Gender 621 0.194 1.146 0.139 0.391 1.146 
Education 98 0.456 2.436 0.0467 0.300 2.436 
Income -0.000048 0.541 5.442 -0.00000001 0.769 5.442 
Local -4250* 0.001 6.328 -0.991* 0.022 6.328 
R2 60.9% 50.1% 
Adj R2 56.5% 44.4% 
F Statistic 13.2 8.82 
Prob F-stat  0.000 0.000 
Durbin-Watson  1.97 1.98 

 
 

 
 
Table 11. Total value of Cenderawasih Bay National Park, Papua, Indonesia 
 
Utilization Methods Values (IDR) 
Proxy WTP tourism environmental services (Tourists 
perception) 

Travel Cost Methods 770,162,239.63 

CBNP Value (Tourist’s WTP to the CBNP) Contingent Valuation Methods (CVM) 35,445,812,154,345.00 
Artisanal Fisheries in CBNP Productivity Approach/Market Value 2,578,036,578.95 
Resources rent (PNPB) Secondary Data 586,160,000.00 
Tour operator Interview/Market price 400,000,000.00 
Total Value of CBNP  35,450,146,513,163.60 
 
 
 

 
Table 10. The value of artisanal fisheries in Cenderawasih Bay 
National Park, Papua, Indonesia 
 
Economic 
Value 

Per Fishermen 
per year 
 (IDR) 

Total CBNP Fisheries 
Value per year (IDR) 

Total Revenue 116,743,421.50 10,973,881,578.95 
Total Cost 89,317,500.00 8,395,845,00.00 
Rent 27,425,921.05 2,578,036,578.95 

 

Discussion 
This study provides a good overview of some of the 

benefits of environmental services whale sharks, as well as 
its habitat, including other economic activities such as 
fishing, as mentions by Balmford et al. (2011) and Laurans 
(2013), this knowledge can be used as a tool that has the 
potential to improve our collective choice of ecosystem 
services. The value of each such utilization is very 
significant for the economy of local communities and 
governments.  

From the study revealed that economic value of Whale 
sharks tourism in CBNP reached IDR 142.35 billion per 
year or US$ 10.54 Million (using the tourist data 2015). 
The value is higher compared to other direct value on 
Whale sharks tourism, such as in South Ari Marine 
Protected Area, Maldives (Cagua et al. 2014), with direct 

spend as the primary proxy of whale shark tourism, in 2012 
and 2013, estimated accounted for US$7.6 and $9.4 million 
respectively. These expenditures are based on an estimate 
of 72,000-78,000 tourists who have involved in whale 
shark excursions annually. While in Donsol Philippines, 
Norman and Catlin (2007) reported that at the early records 
show 800 visitors in 1998 with a total income of 
US$10500, generated from registration fees and boat 
rentals, and the number of visitors increased to 
approximately 7200 in 2005, generating an estimated 
income of US$208,000. Study by Anna (2008), revealed 
that the gross value generated from tourisms in Seribu 
Island Marine Park is more than US$ 9 million per year. 
This is an average value of ten years gross revenue 
generating from average spending by tourists visiting 
Seribu Island resorts. 

Estimated total value of Cenderawasih Bay National 
Park, Whale Sharks environmental services, and the 
economic value of fisheries was IDR 35.5 trillion or US$ 
2.6 billion. The estimated value does not include the total 
value of both natural resources and other environmental 
services that have not been counted. Estimated value of the 
CBNP, somehow increases our awareness of the high value 
of whale sharks environmental services, and also CBNP as 
a whole, when compared with the value of its extractive. 
The value also implies the cost of restoration to be 
projected if the resources are damaged.  
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The value of the whale shark which is the value of 
biodiversity is, of course, related to the intrinsic value of 
these species, which may be higher than the value when it 
is consumed (anthropogenic value). Sandler (2012) states 
that the benefits we can get from the intrinsic value of 
biodiversity, including ecosystem services, such as the 
purification of air and water, climatic settings, producing 
oxygenated and maintain moisture. Studies on the 
economic valuation of the whale shark, whale shark 
tourism activities, as well as marine park conservation area 
for whale shark habitat, yet many do. Some of these studies 
were performed to calculate the value of whale shark 
tourism and whale sharks (Cesar 2004; Soliman 2004; 
Norman 2005; Padilla 2005; Norman and Caitlin 2007; 
WWF 2007; Catlin 2010; DMTO 2011; Cisneros 2013; 
Cagua 2014). Most of the results showed that the value of 
whale sharks alive in nature, and value of environmental 
services of tourism, is much greater than the value if 
captured and consumed. Other studies related to the value 
of such protected areas, conducted by Sanchirioet al. 
(2002), Thurs (2010), Reuchlin and McKenzie (2015),  
revealed that the construction of a marine conservation area 
is an investment that is priceless, and contribute to the 
Community directly and indirectly. 

Economic valuation of ecosystem services is often used 
as a tool that has the potential to improve our collective 
choice of ecosystem services, as a factor in the costs and 
benefits, associated with degradation (Balmford et al. 2011; 
Laurans 2013). For the case of Cenderawasih Bay, for 
example, the utilization of the fisheries and tourism 
activities is a choice to be made, although it does not 
always have a binary choice, however, because local 
people still need to take advantage of fisheries activities, 
both for economic activity as well as for food security. 
Understanding of the economic value can also provide 
policy direction to overcome the degradation, accelerate 
ecosystem services and biodiversity, to change individual 
and collective choices in terms of management decisions 
utilization of natural resources, and a better and sustainable 
environment (NRC 2005; Randall 1988; Daily et al. 2009). 
It is also strongly associated with the assumption that we 
do not protect what we do not value (Myers and Reichert 
1997). Thus we usually do not value if we do not know the 
benefits, so an economic valuation is a process of 
understanding the benefits and measure of value, for the 
purpose of protecting and managing the resources and 
environmental services.  

The value of this area can also be a proxy for the cost of 
management and mitigation of the damage or the cost of 
damage compensation that has been or will be occurred. 
The value also implies the cost of restoration to be 
projected if the resources are damaged. This value, also 
become a factor for the application of payment for 
environmental services instruments, through entrance fees, 
for example. Value services of the region and also the 
value of whale sharks environmental services can also be 
used as a base direction of trade off, extractive or 
conservative policies. From the results of the assessment 
can be seen that conservative policies are an option for 
utilization of whale sharks, while for CBNP region can be 

directed to the economic utilization of traditional fisheries 
and tourism as well since both provide significant value 
benefits.  

Policy development in tourism is an option because 
right now, tourism is becoming one of the principal exports 
for developing countries and least developed countries 
(LDCs): it is growing rapidly and is the most significant 
source of foreign exchange, after petroleum (The World 
Tourism Organization 2002). Besides marine tourism can 
be a major source of growth and jobs. However, these 
activities require planning and development of integrated, 
inter-sectoral, inter-regional, inter-various disciplines.  

For the purpose of integrated management of the whale 
shark and the conservation area, some suggestions may be 
implemented relating to continued research and 
management to the future of the region, such as conducting 
an assessment of the economic valuation of other tourism 
activities, which are not recorded, such as tourism live 
aboard, which also contributes significantly to the national 
economy. In addition, the economic valuation needs to be 
done on natural resources and other environmental services 
in the area of CBNP, to provide a more comprehensive 
view of value. 

Furthermore, to get a more competitive tourism, the 
development of CBNP, require tourism product 
diversification and distribution of tourist destination, as 
well as the need of investment breakthroughs to develop 
remote areas outside the CBNP, that have tourism 
potential, in addition to whales sharks regional 
destinations, including cultural tourism. To do so, It is 
necessary to have public awareness and education for 
social engineering, behavioral changes of local 
communities, so that the existing transaction costs can be 
eliminated or minimized, so that the certainty becomes 
higher and more and more tourists are interested, come to 
the area CBNP. It needs the involvement of local 
communities in tourism governance and tourism 
development as well as networking. Development of a 
responsible marine tourism, one of which is the need of 
quantifies the tourism carrying capacity in CBNP region. 
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Abstract. Fitmawati, Fauziah R, Hayati I, Sofiyanti N, Inoue E, Matra DD. 2017. Phylogenetic analysis of Mangifera from central 
region of Sumatra using trnL-F intergenic spacer. Biodiversitas 18: 1035-1040. Mangifera from Central Sumatra has an unique ability 
to adapt to the high rainfall regions. This genus is therefore as a potential germplasm source in Sumatra. The aim of this study was to 
analyze and compare the nucleotide sequences of Mangifera in the central region of Sumatra based on gene loci of trnL-F intergenic 
spacer. The initial step of research was conducted by isolating DNA from leaves sample of Mangifera based on CTAB method. 
Sequences of gene loci of trnL-F were analyzed with Maximum Parsimony and Neighbour Joining methods through PAUP* Program 
version 4.0b10. From the results of sequences analysis with Maximum Parsimony method, it was obtained a monophyletic group of 
Mangifera consisted of two main clades which separated M. kemanga from five other species of Mangifera, i.e. M. foetida, M. odorata, 
M. laurina and Mangifera sp. Parsimony analysis also revealed that the common ancestor of M. kemanga is the first species appeared in 
the central region of Sumatra. The result of Neighbour Joining analysis showed M. laurina had the longest genetic distance among 
examined species and might be assumed as the most primitive species of Mangifera. Mangifera laurina and M. odorata were closely 
related as well as M. foetida and M. odorata. The results of research also revealed and supported the genus Mangifera as a monophyletic 
group.  

Keywords: Central region of Sumatra, cpDNA, Mangifera, phylogenetic analysis, trnL-F intergenic spacer sequences 

INTRODUCTION 

The uniqueness of mango species (Mangifera spp.) 
from Sumatra is derived from its ability to grow and adapt 
to environment of high rainfall. Variations of habitat types 
and their interactions with genetic factors will result the 
diversity of mango species that is different with the other 
regions in Indonesia. Mangoes that grow and spread in 
Sumatra has superiority on their flowers that are either 
resistant against high rainfall or adapt to wet climate. The 
advantages of these properties can be used to assemble an 
appropriate quality of seeds cultivated in Sumatra, 
especially in the central region of Sumatra. In the area of 
existing plantations, mango does not show encouraging 
results since the flowers fall down when rain came, as a 
result of the seedling generally comes from areas with low 
rainfall. In fact, it is completely different from wild 
mangoes that tend to be not affected or still bear on high 
rainfall. In other words, wild mango has a resistance to 
high rainfall than mango crop being grown (Fitmawati et 
al. 2013). However, along with the high rate of 
deforestation continued, especially the last two decades, the 
forest fires in natural forest and forest transition areas also 
keeps continuing to increase every year and will be 
impacted by the genetic erosion of mango species in 
natural stands (BPS 2010).  

In the central region of Sumatra, since 2011 to 2013 it 
had been conducted a discovering of the wild and 
cultivated mango species, and estimated that there were 10 
species of mango collected. From these ten species, six 
species of mango were identified as cultivated and semi-
cultivated, namely Mangifera indica Lour., M. laurina Bl., 
M. foetida Lour., M. odorata Griff., M. sumatrana Miq. 
and M. zeylanica (Bl.) Hooker f. Meanwhile, four other 
species which were consisted of M. kemanga Bl., M. 
torquenda Kosterm., M. quadrifida Jack. and Mangifera sp. 
were expected as new species or new records that are rarely 
found in Sumatra, but they had still an unclear taxonomic 
status. The diversity of mango (Mangifera) in Indonesia is 
an important and interesting aspect to be studied as the 
mango’s improvement program relies heavily on the 
available genetic diversity (Fitmawati et al. 2013).  

The morphological characters have long been used in 
many studies of phylogenetic but complicated the 
continuity of morphological characters in defining the 
evolutionary relationships. The utilization of the molecular 
approaches based on DNA sequences is more informative 
to support and strengthen the morphological character data. 
The development of molecular biology techniques in this 
century is to facilitate the assessment of genetically 
relationship taxa (h). 
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Identification is conducted based on the morphological 
characters to make the species barriers encountered some 
obstacles (Kostermans and Bompard 1993). The vegetative 
characters of mango in nature are continually available, 
while the generative characters are hard to be found at the 
time of exploration since it does not coincide with the 
season of flowering and fruiting in different regions. By 
providing the potential of wild mango as a source of 
crossing over aspects in repairing the characters of 
cultivated mango crops which are more adapted to high 
rainfall in the future, and the importance of securing the 
rarely (endangered) mango status from an extinction, it is, 
therefore, necessary to discover information and 
comprehend the investigation of the species of mangoes in 
Sumatra based on the molecular techniques that are today's 
rapidly developed, namely DNA Barcoding system, to 
obtain specific characteristics of each species.  

The large morphological plasticity of M. laurina and its 
related species make them hard to be defined, which are 
resulted in frequent status changes due to their 
polyembryonic characters, open pollination system, and the 
number of allotetraploid chromosomes (2n=40) (Litz 2004) 
with a high compatibility between cultivars and in its 
genera. Markers of chloroplast DNA (cpDNA), that are 
widely used is trnL-F intergenic spacer, are a part of the 
cpDNA non-coding region, the region which more varied 
than the coding region, so this makes it more suitable to be 
used in uncovering the evolutionary relationships among 
the lower level of taxa (Bayer et al. 2000). Some studies in 
non-coding regions of chloroplast showed a higher 
variation and it was frequently mutated (Baldwin et al. 
1995) in the forms of transversion, transition, insertion, and 
deletion. The use of molecular marker of cpDNA is to 
reveal diversity, to discover the genetic relationship with 
the basis of evolution, also, to clarify the status of 
Mangifera in the central region of Sumatra which has never 
been conducted before. 

Some phylogeny studies of plants based on cpDNA 
markers were reported, such as in Morus (Weiguo et al. 
2005) and Cucumis (Chung et al. 2006; Chung et al. 2007). 
The cpDNA markers provided data for reconstructing 
phylogeny among families of flowering plants (Kajita 
1998). The sequences of trnL-F region of cpDNA are also 
frequently used in the phylogenetic studies at generic and 
specific levels (Alejanro et al. 2005; Barfuss et al. 2005; 
Shaw et al. 2005). Therefore, this platform is commonly 
used in the phylogenetic studies because they are easily 
isolated, purified, characterized and cloned. The trnL-F 
region of cpDNA is naturally conservative with a low rate 
evolution (Bayer et al. 2000). This region is more varied 
than the sequences of the coding region (Bayer et al. 2000). 
This analysis is expected to show higher nucleotide 
variation in closely related species or the extent 
intraspecies, which will discover the distinguishing 
characteristics among species in the genus of Mangifera. 
Overall, this study was aimed to analyze phylogenetic 
relationship from 10 species of Mangifera using cpDNA 
marker of trnL-F region. 

MATERIALS AND METHOD 

Plant material  
Leaf samples of six mangoes species of Mangifera 

indica, M. laurina, M. foetida, M. odorata, M. sumatrana 
and M. zeylanica, as well as one out group: Bouea 
macrophylla, were collected from the central region of 
Sumatra. The list of plant material used could be seen in 
Table 1. 

DNA extraction  
Whole genome DNA were isolated from the leaf of 

each plant after being soaked in aquadest by using the 
CTAB method of Doyle and Doyle (1987), with a slight 
modification by soaking a leaf in demineralization water 
for 24 hours before isolation.   

A total of 0.15 g of leaf samples was crushed using a 
sterile mortar with the addition of 0.6-0.8 ml of buffer 
extraction [10% CTAB, 0.5 M EDTA (pH 8.0), 1 M Tris-
HCl (pH 8.0), 5 M NaCl, 1% β-mercaptoethanol]. The 
solution was homogenized and then incubated at a 
temperature of 65ᵒC for 1 hour and then added by 0.7 ml of 
chloroform, followed by centrifugation at 11,000 rpm for 
10 minutes. The supernatant was transferred into sterile 
Eppendorf tube for 2 ml and added to 500 mL of cold 
alcohol and then incubated overnight in the freezer. The 
solution was centrifuged for 10 minutes at 11,000 rpm. The 
liquid phase was discarded and the solid phase (pellet) was 
air-dried and stored in 100 µL of TE solution (1 M Tris-
HCl pH 8.0, 0.5 M EDTA pH 8.0, distilled water).  

 
 

Table 1. Plant species of Mangifera and their origin 
 

Species Origin Coordinate  
   
Mangifera foetida Lour West Sumatra  N 00017’59.5”  

E 100027’00.0” 
 

Mangifera indica Lour Riau N 00027’04.9” 
E 101025’14.7” 
 

Mangifera laurina Bl Jambi N 01035’16.8” 
E 103025’24.8” 
 

Mangifera odorata Griff 
 

Riau 
 

N 00020’27.0”  
E 101008’10.6” 

 
Mangifera zeylanica (Bl.) 
Hooker f. 
 

Riau 
 
 

N 00˚30’28,5” 
E 101˚24’56,0” 

Mangifera sumatrana Miq. 
 

Riau 
 

N 00027’28.0” 
E 101022’51.4” 

 
Mangifera sp. Riau N 00020’27.0” 

E 101008’10.6” 
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Amplification and sequencing 
The genomic DNA was amplified by using universal 

primer E and primer F (Small et al. 2005) for the entire 
trnL-F intergenic spacer region. The reaction mixture (50 
µL) was contained DreamTaq Buffer 10x, 2 mM of each 
dNTP Mix, 25 pmol of each primer, 20-50 ng genomic 
DNA, 1 unit of DreamTaq DNA Polymerase and nuclease-
free-water. Thirty-five cycles of PCR were conducted by 
using Thermal Cycle under following profiles: pre-
denaturation at temperature of 95oC for 4 m, followed by 
35 cycles with reaction condition of denaturation at 
temperature of 95oC for 30 s, annealing at temperature of 
48.6oC for 30 s, and extension at 72oC for 1 m 30 s, then 
the PCR process was ended with the process of post-
extension at temperature of 72oC for 10 m.  

The PCR products were visualized in agarose gel 1% 
using electrophoresis machine with TAE buffer (Tris Base, 
acetate glacial acid, EDTA) at a voltage of 100 volts for 45 
minutes. The amplified products were then purified by 
PCR Clean-Up or Gel Extraction depend on Visualization 
results for Single Pass DNA Sequencing. The PCR 
products were sequenced at Laboratorium Biotechnology 
of Tokyo University of Agriculture and Technology. 

The purification of PCR products was performed by 
PCR Clean-Up and gel extraction. Sequencing was 
conducted by DNA Sequencing Single Pass. A forward 
primer which is sequencing the reaction was conducted 
with BigDye® Terminator v3.1 of cycle sequencing kit 
following the standard protocol (Applied Biosystems 
2010). Analysis of DNA sequences was conducted by an 
automatic sequencer after extra-fluorescence ddNTPs was 
eliminated with Centri-Sep Spin Column (Applied 
Biosystems 2010).  

Phylogenetic analysis 
DNA sequences of Mangifera were aligned with 

ClustalW Multiple Allignment in Bioedit software 
(Thompson et al. 1997). Analysis of phylogenetic tree 
reconstruction based on the method of MP and NJ was 
carried out with the program of PAUP* version 4.0 
(Swofford 2002). NJ analysis was performed by using a 
model of evolution HKY85 (Hasegawa et al. 1985) with 
1000 bootstrap replications to test the strength of each 
branch of tree cladogram obtained with a frequency of 
>50%. 

RESULTS AND DISCUSSION 

trnL-F intergenic spacer sequences analysis  
The aligned length of trnL-F DNA spacer of six 

Mangifera species and outgroup species were 313 
nucleotides. The sequences consisted of a total of 91 bp 
constant characters; 163 variable characters were 
uninformative; and 59 bp were informative characters. 
From 313 nucleotides, there were 82 conserved sites, 222 
variable sites, and 161 singleton sites. The alignment 
results showed that a gap in the sequence was caused by 
insertion and deletion (Table 1). There were 11 indels sites 
in M. foetida, M. indica and the outgroup of B. 

macrophylla, 12 indels in M. kemanga, 13 indels in M. 
laurina, 30 indels in Mangifera sp. and 41 indels in M. 
odorata. This phenomenon affected the regulation of gene 
expression. Although a number of changes in these 
sequences was very small while compared to the changes 
in the core genome (SABioscience 2008), it was able to 
provide important information in describing the process of 
evolution since cpDNA was inherited maternally or 
uniparentally where the changes in nucleotide (s) took 
place for a very long time (Hancock 2003), in contrast to 
the changes on nucleotides base occurred in the core of 
DNA were inherited biparentally.  

The average frequency of nucleotides on trnL-F 
sequences was 31.4% (T), 18.0% (C), 30.6% (A) and 
20.1% (G). These sequences were rich in AT which was 
equal to 64.22%, while in GC was 35.78% (Table 2). These 
results are according to Li (1997), which stated that the 
most composition of nucleotides in a non-coding area of 
chloroplast DNA is adenine and thymine. The variation 
occurs between different species within the same or 
different genera. Sequences variation found in cpDNA 
sequences was generally caused by a mutation in a single 
nucleotide which represents mutation that has happened for 
a very long period of time (Fitmawati and Hartana 2010).  

TrnL-F intergenic spacer region as non-coding 
sequences (intron) has more variation and higher mutation 
rate than the coding region. It is also clear that non-coding 
region (intron) plays a role in the regulation of gene 
expression that can be affected by the environment or 
habitat niches, which expressed in phenotype characters. 

Phylogenetic analysis of Mangifera  
From the result of Parsimony analysis based on the 

sequences data of trn-LF intergenic spacer region, it was 
obtained a cladogram (Figure 1) with CI valued 0.9928 and 
RI valued 0.97, while homoplasy index (HI) was 0.0072. 
This value showed that homoplasy index was occurred at 
only 0.72%. Based on the Parsimony analysis, M. kemanga 
became the ancestor to the species of Mangifera examined. 
This finding was supported by nucleotide base changes in 
specific sites which are separating M. kemanga with the 
other five Mangifera species (Table 1). In this study, 
Mangifera kemanga has a very high nucleotide variation, 
this is due to mutation events. 

 
Table 3.  Variation in AT and GC contents on 313 bp trnL-F 
alligned sequences on Mangifera  
 

Species T (U) C A G GC 
(%) 

AT 
(%) 

       
B. macrophylla 30.1 19.5 31.8 18.5 36.74 63.26 
M. foetida 30.5 19.2 31.8 18.5 36.42 63.58 
M. indica 30.5 19.2 31.5 18.9 36.74 63.26 
M. kemanga 29.9 20.3 31.6 18.3 37.06 62.94 
M. laurina 26.3 16.7 27.7 29.3 44.09 55.91 
Mangifera sp. 33.9 18.4 31.1 16.6 31.63 68.37 
M. odorata 39.5 11.8 28.4 20.3 27.79 72.21 
Average 
 

31.4 18.0 30.6 20.1 35.78 64.22 
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Table 2. Alignment of trnL-F DNA spacer sequences of six Mangifera spp. and outgroup 
  
B.mac  AGCAGAATTT--TTTCTCTTATCATACACAAGTCGTGTGGTATATAGGA-TACACGTAGAAATGAACA 
M.foe  AGCAGAATTT--TTTCTCTTATCATATACAAGTCGTGTGGTATATAGGA-TACACGTAGAAATGAACA 
M.ind  AGCAGAATTT--TTTCTCTTATCATATACAAGTCGTGTGGTATATAGGA-TACACGTAGAAATGAACA 
M.kem  AGCAGAATTT--TTTCTCTTATCATACACAAGTCGTGTGGTATATAGGA-TACACGTAGAAATGAACA 
M.lau  AGCATTCCTTGAATATTTAAAAAGAGTAGTTGGTAAGTTCCGAAATGAGCTATGAGATGGATTGTGAA 
M.sp  AGCAGAATTT--TTTCTCTTATCATATACAAGTCGTGTGGTATATAGGA-TACACGTAGAAATGAACA 
M.odo  AGCAATATTAA-TTTCTTGCACAGGGTCGGTATTGCTCCGT-TATTTAG-TAGTTTTTTATTTACATA 
 
B.mac  CTTTGGAGCAAGGAATCTCCATGTGAATGATTCACAATCCATCTCATTGCTCATACTGAAACTTACAA 
M.foe  CTTTGGAGCAAGGAATCTCCATGTGAATGATTCACAATCCATCTCATTGCTCATACTGAAACTTACAA 
M.ind  CTTTGGAGCAGGGAATCTCCATGTGAATGATTCACAATCCATCTCATTGCTCATACTGAAACTTACAA 
M.kem  CTTTGGAGCAAGGAATCTCCATGTGAATGATTCACAATCCATCTCATTGCTCATACTGAAACTTACAA 
M.lau  CTATCACACTCTGCATTCCCTGTCCTCAAAGGTTCATTTCTCCGCGTATCCTCTTTTCCAC------- 
M.sp  CTTTGGAGCAAGGAATCTCCATGTGAATGATTCACAATCCATCTCATTGCTCATACTGAAACTTACAA 
M.odo  CGTTTCGTTTGGTTGTTTGTTTTTCAACAAAACAAAATT--TTCTGCTTCTTGTTNTGTA-------- 
 
B.mac  AGTCTTCTTTTTGAATATTCA-AGAAATGCAATTTCCCGTCCAAGACTTTTAATACTGAATTGCGTC- 
M.foe  AGTCTTCTTTTTGAATATTCA-AGAAATGCAATTTCCCGTCCAAGACTTTTAATACTGAATTGCGTC- 
M.ind  AGTCTTCTTTTTGAATATTCA-AGAAATGCAATTTCCCGTCCAAGACTTTTAATACTGAATTGCGTC- 
M.kem  AGTCTTCTTTTTTAATATTCA-CGAAATGCAATTTCCCGTCCAAGACTTTTAATACTGAATTGCGTC- 
M.lau  --ACCCCATTGGATATGGTAAGAGCAAAAAAATTTTTCGGAAACTACTGTGGATGGGGAAAAATAGGA 
M.sp  AGTCTTCTTTTTGAATATTCA-AGAAATGCAATTTCCCGTCCAAGACTTTTAATACTGAATTGCGTC- 
M.odo  --TCTTCATTTCGAG-ATT----GATAAGTAAGGTACCATAAAAAAAGGAGAATGATCAAAAATATG- 
 
B.mac  -TTTTTT--AATTGACATCGACCCAACCCATCTAGTAAAATGAAAATGATGCGTCGGTAATGGTCGG- 
M.foe  -TTTTTT--AATTGACATCGACCCAACCCATCTAGTAAAATGAAAATGATGCGTCGGTAATGGTCGG- 
M.ind  -TTTTTT--AATTGACATCGACCCAACCCATCTAGTAAAATGAAAATGATGCGTCGGTAATGGTCGG- 
M.kem  -TTTTTT--AATTGACATCGACCCAACCCATCTAGTAAAATGAAAATGA-GCGTCGGCAATGGTCGG- 
M.lau  GGCAGACGCAAACACTACCGAAAAAGGAATTTTTTTTTTTTGGAAAGGG----CGGGGGGGGGTTAAA 
M.sp  -TTTTTT—AATTGACATCGACCCAACCCATCTAGTAAAATGAAAATGATGCGTCGGTTATTTTTTTT 
M.odo  -GTAGA---AATTGTAATCCTTGTATTTTTTGTAATTTTTTAAGAGGGG-----CGGATGTAGCCAA- 
 
B.mac  GATAGCTCAGCTGGT--AGAGCAGAGGACTGAAAATCCTCG 
M.foe  GATAGCTCAGCTGGT--AGAGCAGAGGACTGAAAATCCTCG 
M.ind  GATAGCTCAGCTGGT--AGAGCAGAGGACTGAAAATCCTCG 
M.kem  GATAGCTCAGCTGGT--AGAGCAGAGGACTGAAAATCCTCG 
M.lau  GGGGGGCCCTTTGGGGGGGGGGAATGGGGTGGAGGGGGTCC 
M.sp  GATAGCTCAGCTGGT--AGAG-------------------- 
M.odo  -GTGGATC---------AAGGCAGTGGATTGTGAATCCTTT
 
 
 
 

Consistency index (CI) was used to measure the relative 
amount of homoplasy on the phylogenetic tree. Homoplasy 
happens when the characters are similar but not derived 
from a common ancestor. CI = 1 means the consistent 
character with the high parsimonious rate. Meanwhile, 
retention index (RI) was used to measure the proportion of 
synapomorphy on phylogenetic tree that is intended to 
reflect the proportion of similarity in the phylogenetic tree. 
RI value = 1 means the code is consistent with the 
complete DNA phylogeny. 

Evolution tree from six Mangifera species formed two 
clades. Clade I consisted of M. kemanga, while Clade II 
consisted of two subclades as following: subclades IIA 
consisted of M. foetida and Mangifera sp.; while subclade 
IIB consisted of M. indica, M. odorata and M. laurina. 
Bootstrap value for clade II showed more than 50%. 
Mangifera kemanga was connected to the branch with 3 
changes in base nucleotides: the change of A-C in the 
character number of 159, G-T in the character number of 
149, and T-C in the character number of 262. The branch 

connected to clade II was different from M. kemanga with 
one character where the change C-T was in character 
number of 27. 

The close relationship between M. odorata and M. 
laurina was supported by 100% bootstrap value (Figure 1). 
This finding was similiar to Hou (1978) which stated that 
M. laurina was the synonym of M. indica. However, 
Fitmawati and Hartana (2010), also used trnL-F intergenic 
spacer for Mangifera from Sulawesi, did not agree with 
that statement and stated that M. laurina was different 
species from M. Indica, also, M. laurina was the ancestor 
for M. indica which is the cultivated form of M. laurina. 
This result also contrasts with the previous study using ITS 
sequence (Fitmawati et al. 2016) which stated that M. 
odorata has a close relationship with M. foetida.  

According to Kostermans and Bompard (1993), M. 
odorata was placed in a section of Limus, while M. laurina 
was of Mangifera. There was a contradiction between the 
morphology and molecular characters in this study. The 
delimitation of species on the separation of the section is 
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based on a floral intrastaminal disk (Kostermans and 
Bompard 1993), but in this study, it used molecular marker 
from cpDNA which is more reliable than morphological 
characters. It is because the morphological characters are 
inherited biparentally, while cpDNA inherited maternally. 
Therefore, for looking up the evolutionary traces, 
molecular markers are consistent to be used.  

The evolutionary model does not explicitly describe the 
mechanism of mutation and natural selection, but this 
model describes the relative rate of changes in the different 
nucleotides. For example, biased mutation that supports the 
conservative changes may be associated with the transition, 
substitution, and mutation rate which are relatively higher 
than transversion during DNA sequences which have been 
evolved, but HKY85 Model is just trying to capture the 
effects of four parameters which are consisted of transition, 
substitution, mutation rate, and transversion that reflect the 
relative speed of transition and transversion. The 
evolutionary model was used in the calculation of the p-
distance index to the nucleotide sequence of trnL-F 
intergenic. Evolution tree from HKY85 model evolution 
that allows the base frequency is relatively varied and 
differentiated between the pace of transition and 
transversion substitution by using four free parameters 
(Hasegawa et al. 1985). 

Neighbor Joining (NJ) analysis was different from 
Parsimony analysis. From the results of NJ analysis, it was 
obtained a phylogram (Figure 2) with a total of branch 
length of 1.77604 with a minimum evolution score of 
1.80615. There were no significant differences in NJ tree 
for the separation of clade, except for the clade which is 
consisted of M. odorata and M. laurina. The species of M. 
laurina had the longest horizontal branch (0.74762) and it 
also showed the longest genetic distance with other species 
of Mangifera (Table 3). This supported the statement of 
Fitmawati and Hartana (2010) that M. laurina was the 
common ancestor of Mangifera in Indonesia. Mangifera 
kemanga, M. foetida and Mangifera sp. did not form a 
clade because there were not many strong characters found 
in order to separate them from the basis of the clade. 
Mangifera indica, however, formed a clade with M. 
odorata and M. laurina.  

The variation of nucleotide bases obtained by the gene 
sequences of trnL-F intergenic spacer of cpDNA was quite 
high. This means that the gene sequences of cpDNA trnL-F 
is very proper to be used in distinguishing the phylogenetic 
relationship at the level of species and infraspecies. The 
pattern that emerges from cpDNA markers was not always 
associated with the pattern created by morphological 
markers and vice versa. Chloroplast was inherited 
uniparentally, or passed down from the female parent. 
While the morphology characters were inherited from two 
parents through the recombination process and influenced 
by the environment. Therefore, this was a reason there 
were differences in morphology and cpDNA grouping.  

Differences in nucleotide sequence variations indicate 
the evolutionary processes caused by mutations (changes in 
the nucleotide sequence). Mutations cause differences in 
phenotypic characters encoded by genes as a form of 
adaptation to different environments.  

 
 
Figure 1. Cladogram of six species of mangoes based on trnL-F 
markers with Maximum Parsimony method with a bootstrap value 
above the branch. Branches with no number have bootstrap values 
under 50 
 

 

 
 
 
Figure 2. Cladogram of six species of mangoes based on trnL-F 
marker with the Neighbor Joining method with bootstrap values 
1000x 

 
 
The line on the phylogenetic tree by the Neighbor-

Joining method showed the much nearby evolutionary 
process that occurs between ingroup species studied. The 
longer the line of branching, the greater the distance its 
evolution and the shorter the line as well as the closer the 
distance evolution.   

Diversity indicated by cpDNA markers diversity was 
relatively different from indicated by morphological 
markers (Fitmawati et al. 2013). The pattern that emerges 
from cpDNA markers was not always associated with the 
resulting pattern of morphological markers and vice versa. 
This was possible because the expression at the level of 
morphology was a result of the recombination of two 
parents and the environmental factors. Additionally, the gene 
sequences located on the DNA chloroplast experienced a 
lower rate of evolution than on DNA core (Taberlet et al. 
1991). A non-coding area had a high mutation rate, so it 
had more variations and more informative than the coding 
area (Taberlet et al. 1991; Hamilton 1999). 

The differences in genetic distance describe the rate of 
evolution of each type of Mangifera, so the greater the 
genetic distance, the higher the genetic adaptation 
strategies developed by a species, in order to survive in its 
environment. The genetic distance also showed the greater 
the variation within a species that lead to species with a 
variety of properties that can survive be going to leave 
nature to the next generation. The rate of evolution can take 
place faster/slower depending on the mechanism of 
adaptation and the environmental circumstance habitat. 
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Table 4. Genetic distance matrix by using HKY85 evolution model 
 
  1 2 3 4 5 6 7 
1 B. macrophylla -       
2 M. kemanga 0.01004 -      
3 M. foetida 0.00332 0.01344 -     
4 M. odorata 1.00191 1.01861 0.98474 -    
5 Mangifera sp. 0.02597 0.03738 0.02222 1.09495 -   
6 M. indica 0.00667 0.01684 0.00332 0.96450 0.02593 -  
7 M. laurina 1.36745 1.37963 1.34405 1.14397 1.38653 1.34344 - 
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Abstract. Rismaya, Azamris, Budiarti S, Desriani. 2017. Housekeeping gene as a source of calibrator candidate for HER-2 scoring in 
frozen tissue breast cancer study based on qPCR. Biodiversitas 18: 1041-1046. HER-2 amplification in breast cancer gives an 
implication in therapy and prognosis. FDA have been approved Fluorescence In situ hybridization (FISH) for HER-2 amplification and 
immunohistochemistry (IHC) for protein expression measurement. In this recently times, quantitative PCR techniques have been 
reported as an alternative method for HER-2 amplification determination. Here in this report, we investigated new reference gene 
coming from housekeeping gene as an alternative calibrator for HER-2 amplification scoring based on qPCR methods. We compared 
two recommended housekeeping gene, 18S rRNA and β-Actin, as a candidate for a HER-2 calibrator. For methods development, 
optimization and comparison study between 18S rRNA and β-Actin, we used non-invasive samples (DNA buccal cells). Selected 
candidate reference further was tested to eighteen breast cancer sample, validated with qPCR methods refer to Mendoza et al. 2013. β-
Actin is shown as the best candidate for HER-2 scoring status determination. qPCR concordance result with other qPCR methods refers 
to Mendoza et al. 2013 shown 94.4%. The qPCR efficiency and % CV value shown as a requirement as a theory. qPCR efficiency was 
103.8-105.3% for β-Actin and HER-2 respectively while CV value was around 1.2%. Our result showed a significant correlation with 
reported methods, which could potentially complement with FDA approved methods.   

Keywords: Breast cancer, HER-2, ERBB2, qPCR, FISH, IHC, housekeeping gene 

INTRODUCTION 

Human epidermal growth factor receptor-2 (HER-2, 
official symbol ERBB2) is a proto-oncogene. Amplification of 
HER-2 has been identified in 20-30% of breast cancer and 
endometrial cancer, which associated with malignancies, 
poor clinical outcome, and low survival rate. Status of 
HER-2 could predict sensitivity to anthracycline-based 
chemotherapy regimens, cyclophosphamide-based 
regimens, tamoxifen therapies, and the most important is to 
targeted therapy such as trastuzumab and lapatinib in HER-
2 subtype carcinomas (Alaoui-Jamali MA et al. 2015). 
HER-2 status could be detected in DNA, mRNA or the 
protein area. American Society for Clinical Oncology 
(ASCO) and National Comprehensive Cancer Network 
(NCCN) guidelines suggest HER-2 testing for all of the 
breast cancer patients (Wolf et al. 2014). In this recently 
times, IHC was reported as the most used methods for 
HER-2 scoring status, which FISH as the gold standard 
detection of HER-2 amplification. FISH and IHC have 
been approved by the US Food and Drug Administration 
(FDA). IHC showed an easy, low-cost methods but shown 
high subjectivity. Inter-observer variation contributed to 
the high subjectivity problems in IHC. While FISH 
reported as sensitive, specific and accurate methods but 
with high cost and need sophisticated equipment. 

According to Gjerdrum et al. (2003), in carcinomas, there 
was a correlation between HER-2 DNA amplification with 
HER-2 protein expression detected respectively by FISH 
and IHC. Treating patients with breast cancer is expensive 
and have cardiotoxic risk which observed around 1% to 4% 
of patients. Accurate identification to determine HER-2 
status in breast cancer is needed, to avoid misinterpretation 
and mistreatment with trastuzumab. Recently times, 
quantitative PCR techniques have been reported as an 
alternative method for HER-2 determination. In real-time 
PCR, selection of the reference genes should consider 
carefully to avoid from incorrect conclusions. Avoiding 
reference gene located at the chromosome with high 
frequently altered, specifically because of amplified or 
deleted problem should consider. According to Kytola et al. 
(2000), chromosomes 1, 8, 16, 17 and 20 were the most 
frequently involved in chromosomal alterations. Further, 
polysomy occurred in chromosome 17 where HER-2 was 
located. In contrast with HER-2 gene amplification, 
polysomy 17 were no related with high tumor grade or low 
survival rate. According to Bemt et al. (2008), polysomy 17 
were more similar to HER-2 negative tumors. Polysomy 
occurred at 13% to 46% in breast cancer. Since there was a 
polysomic problem in chromosome 17 that potentially 
contributed to misinterpretation of HER-2 scoring status, 
He et al. (2016) recommended reference gene for HER-2 
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scoring calibrator located from another chromosome. In 
contrast with the statement above, Roche applied science 
used calibrator for HER-2 quantification from the same 
chromosome as HER-2, localized on chromosome 17. They 
have commercialized LightCycler-HER2/neu DNA 
Quantification Kit since 2001.The concordance result 
between Roche product and FISH for HER-2 quantification 
were in between 92%-100% (Beyser et al. 2001, Benohr et 
al. 2005; Murad et al. 2013). Further Mendoza et al. 
(2013), standardized qPCR analysis by using whn that 
localized also on chromosome 17. They reported that qPCR 
technique shown complementary with IHC analysis and 
similar to FISH, with concordance value were 60% with 
IHC methods, and 80-90% with FISH. The HER-2/whn 
ratio will show the value of 1,0 in a polysomic condition.   

Liu et al. (2014), have been selected 13 housekeeping 
genes. Among those 13 housekeeping genes they conclude 
two genes potentially as best reference genes for 
normalization of RT-qPCR expression studies in human 
breast cancer, 18S rRNA and β-Actin. β-Actin were located 
7p22.1, while 18S rRNA located 22p12 chromosome. 
Principally, scoring of HER-2 based on real-time PCR was 
imitated FISH methods. HER-2 scoring in FISH was 
determined based on the ratio of HER-2 signals divided 
with a number of signals second probe to the centromeric 
portion of chromosome 17 (CEP17). According to ASCO-
CAP HER-2 test guidelines, the ratio of dual probe HER-
2/CEP17 for HER-2 positive tumors is ≥2.0. Roche 
Molecular Biochemicals (Germany), applied the same cut-
off value for HER-2 scoring based on real-time methods. 
As already mention above, they choose gastrin localized on 
chromosome 17 as the calibrator (Hillig et al. 2012; Murad 
et al. 2013). Further, beta actin as a calibrator for HER-2 
copy number has been reported by Andolfo et al (2011), as 
DNA source were isolated from esophageal carcinoma 
patient plasma. Here in this activity, we tested and 
compared housekeeping gene,18S rRNA and β-Actin gene, 
potentially as calibrator candidates for HER-2 scoring in 
breast cancer frozen tissue. Different from Andolfo et al 
(2011), we targeted to breast cancer frozen tissue and we 
considering the amplicon size, maintain the GC content 50-
60% refer to Dorak (2006). For reliability data, we refer 
from MIQE (the Minimum Information for Publication of 
Quantitative real time PCR) guidelines for methods 
validations. The cut off for HER-2 scoring was used the 
same value as FISH and Roche HER-2 scoring based qPCR 
methods. We used DNA buccal cells for method 
development. Buccal cells reported as a non-invasive 
sample and acceptable as DNA source to be used in 
research and clinical applications (Heath et al. 2001).  

MATERIALS AND METHODS 

Samples 
DNA samples were obtained from frozen tissue of West 

Sumatera breast cancer patient. While Buccal cells are 
isolated from normal women. This research had been 
approved for the ethical clearance from Health Ministry of 
Indonesia  

DNA extraction 
Total tumor DNA and buccal cell DNA were extracted 

using the Purelink DNA Genome Kit from Invitrogen. The 
DNA concentration further was measured at 260/280nm 
ratio. Purity was confirmed above of 1.7-2.0 value. The 
DNA samples were separated on 1% agarose for 
confirming the result.   

Real-time PCR for candidate calibrator of HER-2 
scoring  

We used Biorad CFX96 real-time PCR. The master mix 
of real-time PCR was done following protocol as 
manufactured determined from TOYOBO SYBR Green 
real-time PCR master mix #QPK-201. For methods 
validation, we refer to reported qPCR developed by 
Mendoza et al. (2013). For optimal and selection of 
reference candidate, we optimized the annealing 
temperature as below: denaturation steps 95oC for three 
mins, followed by 35 cycles of initial temperature at 95oC 
for 30 secs, annealing at 57-62oC for 30 secs, and melt 
curve analysis from 65oC-95oC. The best annealing 
temperature then is chosen for further annealing 
temperature. Primer of 18S sRNA (RNA18S5) Fw are 5’-
CTCTAGATAACCTCGGGCCG-3’, 18S sRNA rev is 5’-
TTT CTC AGG CTC CCT CTC CGG A-3’while for beta-
actin and HER-2 primers could contact the corresponding 
author for further information.  

Data analysis 
The calculation of HER-2 scoring was done followed 

below equation: Ratio R= 2∆Ct (Hillig et al. 2012). The ∆ is 
the difference between Ct calibrator gene and HER-2 gene. 
The cut-off value was referred to ASCO-CAP guidelines. 
The reproducibility was tested by calculating the 
coefficient of variance (CV %).  

RESULTS AND DISCUSSION 

Quality and integrity of DNA sample 
At the beginning of research activity, we prepared DNA 

genome from breast cancer frozen tissue samples and DNA 
buccal cells (Figure 1). The purity of the DNA samples 
with absorbance ratios 260/280nm was in between 1,7-2,0, 
both for DNA genome sample and DNA from buccal cells 
mean no protein contamination nor RNA. Further, 1% 
agarose strengthened above result for both DNA extraction 
result. The 1% agarose showed clearly no RNA in the 
bottom of agarose area. These indicated that the samples 
had high quality and suitable for clinically diagnostic 
development. Instead of FFPE tissue, frozen tissue will 
produce more high quality of DNA genome and more time-
saving preparation compare using FFPE tissue.  

For method development, we used non-invasive target 
buccal cell instead of blood. Utilization of buccal cells as 
non-invasive sample gives more benefit against blood. The 
problematic for blood sampling could is probably painful 
compared with buccal cells sampling. Buccal cells could be 
obtained as DNA source using mouthwashes, swabs, of 
whole saliva collection. (Kuchler et al. 2010).  
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Figure 1. DNA extraction running at 1% agarose, (Marker: 1Kb 
DNA Ladders). A. DNA genome breast cancer sample, B. DNA 
Buccal cells.  

 

 
Amplification specificity and comparison study of two 
candidate reference genes 

Based on MIQE guideline, specificity of qPCR must be 
checked to ensure the reliable of developed methods for 
HER-2 scoring based on qPCR (Bustin et al. 2009). 
Melting curve analysis of the PCR products following 
running to the gel of that product will allow confirming the 
specificity of the methods. In this activity, we optimize the 
annealing temperature for the calibrator candidate and also 
for the HER-2 gene, in order to get the specific target for 
each (Figure 2). As already mentioned above, DNA buccal 
cell was prepared to generate optimal methods. Here in this 
activity, we can see very nice and sharp melt curve as 
expected for both β-Actin gene and 18S rRNA in melt 

curve analysis, HER-2 indicated with blue lines, β-Actin 
gene with red lines, 18S rRNA with black line and NTC 
with green lines. All of the qPCR product shown as one 
single band running in 1% agarose (Figure 3). Primer 
specificity is one of important thing avoiding from qPCR 
misinterpretation result. There was no primer dimer exist in 
the qPCR result. The appearance of primer dimer will show 
in melt curve analysis around 70oC melting temperature. 
This indicated the developed method already have high 
specificity. Based on annealing temperature optimization 
we chosen 60,2oC with have most specific melt curve 
compared with other annealing temperature. In Figure 2, β-
Actin gene (ACTB) with located on chromosome number 7 
(p22.1 region) shown overlapping Ct valued with the HER-
2 gene as predicted since we used normal DNA sample, 
while 18SrRNA was shown distance Ct value. Principally, 
HER-2 scoring in this developed method is determined 
based on Ct ratio between HER-2 and calibrator gene. We 
targeted, no distant Ct value between HER-2 and candidate 
calibrator for normal sample determination, and Ct distant 
exist in breast cancer positive HER-2. With this strategy 
will facilitate HER-2 scoring be easier and simply. Since 
there is existence of distant between HER-2 gene Ct value 
with 18S rRNA in a normal sample, this showing us that 
18S rRNA was not suitable as a reference gene for HER-2 
scoring. Further, we used β-Actin as a calibrator for HER-2 
scoring with 60,2oC annealing temperature 

 
 
 

 
 

Figure 2. Optimization of annealing temperature for β-Actin and 18S rRNA as a candidate for calibrator gene of HER-2 scoring 
analyzed based on Ct value and melt curve analysis. (HER-2 indicated with blue lines, β-Actin gene with red lines, 18S rRNA with black 
line and NTC with green lines)  

62 oC 

β‐Actin 

62 .2oC 
 

57oC 
 

18S rRNA 
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Figure 3. qPCR optimization of annealing temperature 
confirming in 1% agarose. 1. 62oC; 2. 60,2oC; 3. 57oC 
 

For the efficiency test for both HER-2 and Beta-actin 
primers, pairs fulfilled the requirement amplification 
efficiencies (within the range of 90-110%). qPCR 
efficiency was 103.8-105.3% for β-Actin and HER-2 
respectively (Figure 4). The CV value were around 1.2%, 
which below 10% as the requirement mean no pipetting 
error and contaminations. This demonstrated that the 
developed methods here shown high efficiencies and 
specificities. (Dorak 2006; Bustin et al. 2009).  

Beta-actin as candidate of reference gene for HER-2 
scoring  

Based on above optimization result, we test β-Actin as 
the reference gene for HER-2 scoring. In this activity, for 
methods validation, we refer to Mendoza et al. (2013), who 
developed qPCR for HER-2 scoring based on HER-2/whn 

ratio. According to Mendoza et al. (2013), FISH and qPCR 
techniques shown an equivalence of 80-90%, while IHC 
and qPCR showed concordance around 60%. Further, 
discrepancies between IHC with FISH and qPCR were 
reported around 20-40% (Konigshoff et al. 2003; Millson 
et al. 2003; Ntoulia et al. 2006). Interestingly, Pu et al. 
2015 reported that qPCR perform superior to FISH.  

In our previous activity, we used whn gene as a 
calibrator for HER-2 scoring refer to Mendoza et al. 2013. 
We got a similar trend of concordance value with IHC as 
Mendoza et al. (2013 did, 60%. We also have the similar 
cut-off value as Mendoza for negative, borderline and 
positive HER-2. This confirmed and shown us the high 
reproducibility of developed method by Mendoza at 
al..2013. Here In this activity, due to high cost of FISH and 
high subjectivity of IHC analysis, we validated our novel 
calibrator candidate with qPCR whn/HER-2 refer to 
Mendoza et al. 2013. From eighteen sample, three sample 
shown as HER-2 positive 

In Figure 5 we can see Ct value for amplified and no 
amplified HER-2 gene both using β-actin and whn as 
calibrator gene. Based on melt curve analysis, shown as 
one single peak. Confirming with 1% agarose also shown 
as a single band, whereas the band for NTC was not existed 
(Figure 6).  

 
 
 

 

 
A B 

 
Figure 4. Standard curve for Beta-actin (A) and HER-2 (B) 
 
 
 

 

 
A B 

 
Figure 5. Amplification plots of HER-2. A. Non-amplification of HER-2, B. Amplification of HER-2. (HER-2 indicated with blue lines, 
β-Actin gene with red lines, 18S rRNA with black line and NTC with green lines)  
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For the cut-off determination were referred to ASCO-

CAP, ratio ≥2 determined as positive HER-2, while <2 as 
negative HER-2 (Wolf et al. 2014). The ratio of HER-2/ 
beta-actin in this activity was ranged between 0,47-9,25 
(Figure 7), the ratio of HER-2/whn was ranged between 
0,53-14,22. With this qPCR approach, 17-22% showed as 
HER-2 positive breast cancer. This percentage is similar as 
reported HER-2 subtype breast cancer incidence in between 
10-30%. (Kim et al. 2002).  

Among eighteen samples, four sample detected as 
positive HER-2 with qPCR HER-2/ β-Actin approach 
(Sample A, B, D, I), and three samples as positive HER-2 
with qPCR HER-2/ whn approach (sample A, D, I). It 
means the agreement qPCR HER-2/ β-Actin and qPCR 
HER2/whn is 94%. We repeat sample B measurement one 
more time to confirm the result. As a result, the sample 
shown consistency as positive with β-Actin as a calibrator, 
negative with whn as calibrator (Figure 8). 

For next work activity, the dubious sample needs to be 
confirmed with FISH. Furthermore, for more accurate and 
reliable analysis, more samples are needed to be tested and 
compared with IHC and FISH. Not only applied in 
esophageal carcinoma patient plasma (Andolfo et al. 
(2011), in this activity β-Actin also confirmed potentially 
applied to breast cancer frozen tissue for HER-2 scoring 
methods. The assessment of HER-2 status is critical for 
disease management, therefore, accurate and reliable 
methods are needed. As conclusions, due of high 
concordance among the two qPCR methods, its mean β-
Actin potentially used as candidate calibrator for HER-2 
scoring. The qPCR technique, shown faster than IHC, 

massive, less expensive and promising as an alternative for 
HER-2 scoring methods.  

 
 

 
 
Figure 6. Confirmation of qPCR result from non-amplification (-) 
and amplification HER-2 )+) on 1% agarose. (1. Beta actin: 
156bp, 2. HER-2: 142bp, 3 whn : 93bp) 
 
 
 

 
 
Figure 8. Repeating B sample to confirm its HER-2 scoring status 
 

 
 
 
 

 
 
Figure 7. Scoring HER-2 with recently developed methods often breast sample that already checked for their IHC status 
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Abstract. Abd Rabou AN, Radwan ES. 2017. The current status of the date palm (Phoenix dactylifera) and its uses in the Gaza Strip, 
Palestine. Biodiversitas 18: 1047-1061. The date palm (Phoenix dactylifera L.) is considered one of the most important fruit crops in 
Palestine. It has a major socio-economic importance due to its commercial, nutritional, environmental, social, health and religious 
values. Because of its importance as a resistant and strategic crop facing serious local threats like pest infestation, underdeveloped 
marketing and mismanagement, the current study comes to investigate the status of the date palm tree and its uses in the Gaza Strip. 
Field surveys and institutional visits were applied to fulfill the purpose of the study. The current study revealed a total number of 
250,000 trees of date palm existing in the Gaza Strip, with 40% of the dates is concentrated in the Middle Governorate. At least, 19 
cultivars have been recorded locally with the ‘Hayani’, ‘Barhee’ and ’Bentaisha’ being the most common. The average date production 
in the last few years was 12,000 - 15,000 ton per year. More than 40 industries and uses associated with the date palm tree have been 
observed in the Gaza Strip, with the handicraft production and food industries are the main creative uses by the Palestinian community. 
Finally, the study recommends the improvement of the processes of date palm cultivation, production, protection, and marketing. The 
cooperation of different parties is very essential to ensure good sustainable development and uses of the date palm in the Gaza Strip, 
Palestine.   

Keywords: Date palm, cultivars, Hayani, public uses, Gaza Strip, Palestine  

INTRODUCTION 

Date palm has long been one of the most important fruit 
crops in the arid regions of the Middle East and North 
Africa (Chao and Krueger 2007). It is one of the oldest 
trees from which man has derived benefits, and it has been 
cultivated since ancient times (El-Juhany 2010). Today, the 
date palm is found in both the old world and the new world 
where dates are grown commercially in large quantities 
(Zabar and Borowy 2012). The total world number of date 
palms is about 120 million trees, distributed in 30 countries 
and producing nearly 7.5 million tons of fruit per year 
(FAO 2013). Arab countries account for 70% of the world's 
date palms number and are responsible for 67% of the 
global production of date palm (El-Juhany 2010). Date 
palm has a major socio-economic importance not only for 
its fruit but also as an ornamental plant (Morton 1987). 
Dates are the main income source and staple food for local 
populations in many countries in which they are cultivated, 
and have played significant roles in the economy, social, 
and environment of those countries (Saafi et al. 2008; Chao 
and Krueger 2007). The date palm tree has a minimum 
water demand and tolerates harsh weather and high levels 
of salinity; in fact, it is more salt tolerant than any other 
fruit crop (FAO 1982; Alhammadi and Kurup 2012).   

Date palm cultivation in the Palestinian Territories 
exists in the regions of Jericho and the Jordan Valley in the 
West Bank. In the Gaza Strip, date palm cultivation is 
mainly concentrated in the Middle and Southern 
Governorates (Figure 1). Deir Al-Balah is well known for 

growing date palms; with the ‘Hayani’ as the most 
common cultivar. The Red Palm Weevil, RPW 
(Rhynchophorus ferrugineus Olivier) has recently become 
one of the major date palm pests and causes severe losses 
to farmers (Vidyasagar and Aldosari 2011). 

Multi-purpose surveys regarding the date palm were 
carried out in different countries worldwide. Special focus 
was paid to the importance of date palm uses, cultivation, 
pests, diseases, genotyping in addition to its cultivars 
identification. Chao and Krueger (2007) highlighted the 
biology, uses and cultivation of date palm in the U.S.A. 
Studies on date palms in developing countries seemed to be 
extensive and intensive. Many researchers evaluated the 
date palm byproducts, while others focused on the effect of 
certain physical conditions on the growth and yield of the 
date palm (Alrasbi et al. 2010; Alhammadi and Kurup 
2012; El-Hadrami and Al-Khayri 2012; Mahmoud and El-
Bana 2013). In addition, many studies concentrated on the 
genetic variation and molecular characterization of some 
date palm cultivars using various markers (Hamza et al. 
2012; El Kichoui et al. 2013; Khierallah et al. 2014).   

In Palestine, many surveys have been carried out to 
highlight the status and perspective of the date palm. Abu-
Qaoud (1993, 2015) pointed out that the cultivation of the 
date palm in Palestine is still below expectations, and the 
high investment costs and the underdeveloped marketing 
structures are the main constraints impeding date 
production in Palestine. Ali-Shtayeh et al. (2000), Said et 
al. (2002), Abu-Rabia (2005) and Ali-Shtayeh and Jamous 
(2002 and 2006) conducted ethnobotanical and floristic 
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surveys in the Palestinian Territories and they focused on 
the medicinal importance of many plant species including 
the date palm. The Applied Research Institute - Jerusalem 
(ARIJ) (2002) described different trees and shrubs 
occurring in Palestine including the date palm, with focus 
on their nutritional, economic, medicinal and fodder values. 
To conserve the Palestinian floristic and agricultural plants, 
Azaizeh et al. (2003) suggested a multilevel program 
involving the training of local practitioners, an 
establishment of a medicinal plant botanical garden and a 
field gene bank.  

In the Gaza Strip, work on floristic species including 
the date palm is restricted to a few studies. Bolous (1959) 
described as many as 251 floristic species including the 
date palm and highlighted some aspects of their uses. Abd 
Rabou (2005) and Abd Rabou et al. (2008) described 70 
floristic species occurring in Wadi Gaza. They revealed 
that the date palm has been used as a food source for 
humans and many wildlife species. The date palm was 
mentioned to be used in herbal medicine and in timber and 
fuel production. Abou Auda (2010, 2011 and 2012) studied 
plant ecology in the Gaza Strip and denoted the local 
potential uses of date palm. Madi (2001 and 2005) and 
Madi et al. (2002) described the various wild plants species 
prevailing in the coastal sand dunes of the Gaza Strip with 
the date palm included. Furthermore, Albanna and Eid 
(2007), MOA (2010) and Qofa (2014) focused on the 
industries, public uses and the ecological importance of the 
date palm in the Gaza Strip. More recently, Al-Agha 
(2016) and Radwan (2017) carried out comprehensive 
works regarding the date palm sector in the Gaza Strip. 
They revealed many threats facing the local cultivation of 
date palms, which is more concentrated in the Middle 
Governorate of the Gaza Strip. El Kichaoui et al. (2013) 
described the genetic variation and molecular 
characterization of six date palm cultivars in the Gaza 
Strip. More recently, El-Hindi (2017) and El Kichaoui et al. 
(2017) investigated the evaluation, isolation and molecular 
identification of the entomopathogenic fungi Metarhizium 
anisopliae and Beauveria bassiana against the RPW in the 
Gaza Strip. They revealed that the use of these fungi can be 
useful as a preventive and curative tool for the protection of 
date palm tree. Due to its importance as a national and 
strategic crop in Palestine, the current study investigates 
the current status of the date palm tree and its uses in the 
Gaza Strip. 

MATERIALS AND METHODS  

Study Area 
The Gaza Strip is very populated (about 2.0 million) 

with an area of about 365 km². It constitutes 1.35% of the 
total area of Palestine (27,009 km2). It is located on the 
eastern coast of the Mediterranean Sea bordering Egypt on 
the southwest for 11 km and the occupied Palestinian 
Territories on the east and north for a 51 km (PCBS 2016). 
The Gaza Strip area has a typical semi-arid Mediterranean 
climate; hot in summer and cold in winter. The average 
daily mean temperature ranges from 25ºC in summer to 

13ºC in winter, with the average daily maximum 
temperature range from 29ºC to 17ºC and the minimum 
temperature range from 21ºC to 9ºC, in summer and winter 
respectively. The daily relative humidity fluctuates 
between 65% in daytime and 85% at night in summer and 
between 60% and 80% respectively in winter (UNEP 
2003).  

Site and Institutional Visits  
During the course of the current study, frequent visits 

were carried out to different date palm fields in order to 
investigate the current status of the date palm in the Gaza 
Strip. Meetings and discussions with farmers and owners of 
date palm orchards were of an utmost priority to fill the 
gaps needed in data collection regarding the current status, 
cultivars and uses of the date palm in the Gaza Strip. 
Moreover, vital visits were carried out to the Ministry of 
Agriculture (MOA), Earth and Human Center for Research 
and Studies (EHCRS), Al-Ahlyah Association for the 
Development of Date Palm (ASDPD) and Palestinian Al-
Nakheel Association for Progress and Development 
(PNAPD). A set of close and open-ended questions were 
developed and used during the structured and semi-
structured interviews conducted.  

 
 
 
 
 

 
 
Figure 2. The geographic distribution of date palm cultivation in 
the Gaza Strip, Palestine 
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Photography and data analysis 
A professional digital camera was used to take photos 

regarding the aspects related and needed to the date palm 
sector in the Gaza Strip. The data collected throughout the 
course of the study was statistically analyzed using SPSS 
computer program version 18.0 for Windows (Statistical 
Package for Social Sciences Inc, Chicago, Illinois). Graphs 
were plotted using Microsoft Excel program 2010.  

RESULTS AND DISCUSSION 

Distribution of the date palm in the Gaza Strip 
Date palm cultivation is historic in Palestine including 

the Gaza Strip. According to current estimates of MOA, a 
total number of 250,000 date palm trees are found in the 
Gaza Strip (Table 1), of which about two-thirds (67%) are 
fruit trees. In spite of its cultivation in the whole Gaza 
Strip, date palm cultivation is more concentrated in the 
Middle Governorate (100,000 = 40.0%) as well as in Khan 
Younis (85,000 = 34.0%). With regard to the age of the 
date palm trees, the survey pointed out that 20,000 trees are 
less than ten years old, and the rest 230,000 had ages 
exceeding 10 years old. Of this figure, thousands of the 
trees were stated to exceed 100 years old.  

Date palm cultivars grown in the Gaza Strip  
At least nineteen date palm cultivars were recorded in 

the Gaza Strip. These cultivars can be identified by their 
fruit appearance and texture. They fall into three types: 
soft, semi-dry, and dry. The recorded cultivars are 
‘Hayani’, ‘Barhee’, ‘Bentaisha’, ‘Ameri’, ‘Dairy’, 
‘Degani’, ‘Hilali’, ‘Halawy’, ‘Hatmi’, ‘Jabri’, ‘Khanaizi’, 
‘Khalas’, ‘Khasab’, ‘Lulu’, ‘Muktomi’, ‘Medjool’, 
‘Sukkari’, ‘Zahidi’ and ‘Zaghlool’ (Figures 2 and 3). The 
numbers and percentages of these cultivars are illustrated in 
Table 2. 

Production of the date palm in the Gaza Strip  
The total harvested area of the date palm in the Gaza 

Strip is about 8500 acres (Acre = 10,000 m2). The average 
date or Balah production in the last few years was 
estimated to be 12,000 -15,000 tons per year (Table 3). The 
average production per tree is 100 -150 kg, but according 
to personal communications with the MOA, ASDPD, 
PNAPD and EHCRS, the average production per tree may 
reach 400 kg depending on certain physical conditions such 
as irrigation, lighting amounts, temperature, humidity, 
wind, etc. 

Industries associated with date palm 
The current study documented 44 industries based on 

date palm products in the Gaza Strip; of which 16 were 
food industries, and the remainder represented other 
industries. Handicrafts were the most industries applied 
locally using the different parts of the date palm tree. These 
industries are categorized as follows: 

 
 
 

Table 1. The number of the date palm trees in Governorates of 
the Gaza Strip (MOA 2016) 
 

Governorate No. of the date 
palm trees Percentage (%) 

Rafah 28,000 11.2 
Khan Younis 85,000 34.0 
Middle  100,000 40.0 
Gaza 17,000 6.8 
North Gaza 20,000 8.0 
Total 250,000 100 
  
 

 
Table 2. The number of tree for each cultivar (MOA 2016) 
 
Cultivars Number of trees  Percentage (%) 
Hayani 210,000 84 
Bentaisha 25,000 10 
Barhee 10,000 4 
Other Cultivars 5,000 2 
Total 250,000 100 
  
 

 
Table 3. Quantity of date palm or Balah production in the Gaza 
Strip in 2016 (MOA 2016) 
 

Governorate Quantity of 
Production (ton) Percentage (%) 

Rafah 1,680 11.2 
Khan Younis 5,100 34.0 
Middle Governorate 6,000 40.0 
Gaza 1,020 6.80 
North Gaza 1,200 8.00 
Total 15,000 100 
  

Food industries 
 Biscuits, pies and pastries production: Some 

Palestinian women are fond in preparing some types of 
biscuits and pastries filled with dates or Ajwa (a soft paste 
made of dates) instead of using chocolate. These home or 
sometimes factory products are very delicious and they are 
commonly eaten with hot or cold drinks such as tea, coffee, 
cola and juice. The Palestinians often offer these foods for 
special occasions such as holidays, birthday parties, feasts, 
engagements and weddings (Figure 4A).  

Dates pone: In spite of its rarity, this type of pone is 
commonly eaten by people who want to reduce their 
weight. The pone helps in slimming health because of its 
high nutritional value. Some people consider it a substitute 
for ordinary bread. It can be offered to guests with tea or 
coffee (Figure 4B).  

Date chocolate and Tamreya industry: Many women 
prefer eating date chocolates or Tamreya (a special snack 
made of dates) with hot drinks such as coffee. Recently, it 
becomes one of the most hospitality sweet that are offered 
to visitors and guests (Figure 4C). 

Date salad: It is sometimes prepared during the fasting 
month of Ramadan. It very delicious especially when some 
vegetables and fruits such as lettuce, watercress, 
mushroom, and apples are added (Figure 4D).  
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Balah jam: The production of the balah jam depends 
on using fresh dates rather than rutab. It is a tasty food 
commonly consumed by the Palestinians year round; 
especially in the fasting month of Ramadan (Figure 4E). 

Date powder: This powder is used for both medicinal 
and nutritional purposes. Some women mix date powder 
with oil in order to paint their hair (Figure 4F). 

Molasses production: It is a thick sugar liquid 
produced from certain varieties of dates. It consists of 
sugary material which constitutes 85% of the dry weight. 
Molasses is produced by using old, primitive and manual 
modes (Figure 4G). 

Qatayif production: The Qatayif, which is a special 
dessert commonly served during the fasting month of 
Ramadan, is a very common traditional industry in the 

Palestinian society. Sometimes, instead of nuts and other 
filling material, Qatayif is filled with dates or Ajwa (Figure 
4H). 

Ajwa industry: Ajwa, which is a soft paste made of 
dates, is a very common industry in the Gaza Strip; 
particularly Deir Al-Balah. It is made from the rutab phase 
of fruits. Sometimes, the Ajwa may contain seeds or is 
blended with sesame, anise, hazelnuts and walnuts. One ton 
of Ajwa requires at least 3 tons of rutab dates (Figure 5A).  

Fresh date or balah consumption: Dates are 
considered one of the most important fruits in the 
Palestinian society; especially in the fasting month of 
Ramadan. They are very delicious and it is commonly 
eaten with hot or cold drinks such as tea, coffee, cola and 
juice (Figure 5B). 

 
 
 

 
 
Figure 2: Main cultivars of the date palm in the Gaza Strip: (A) and (B) ‘Barhee’, (C) and (D) ‘Hayani’ 
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Figure 3. Minor cultivars of the date palm grown in the Gaza Strip: (A) and (C) ‘Ameri’, (B) and (D) ‘Halawy’, (E) ‘Medjool’ 

 
Coffee industry: This type of coffee is commonly 

prepared by grinding the date seeds after being washed and 
dried. It contains no caffeine, does not cause acidity and 
helps to get rid of excess weight (Figure 5C).  

Beverages industry: These drinks are easy to prepare. 
Doctors often advise women to prepare it for children due 
to its importance in strengthening the body, treating anemia 
and preventing nerve disorders (Figure 5D). 
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Figure 4. Food industries associated with date palm: (A) Pies and pastries production, (B) Dates pone, (C) Date chocolate 
and tamreya industry, (D) Date salad, (E) Balah jam, (F) Date powder, (G) Molasses production, (H) Qatayif production 
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Figure 5: Food industries associated with date palm: (A) Ajwa industry, (B) Fresh date or balah consumption, (C) Coffee industry, (D) 
Beverages industry, (E) Date packing and processing, (F) Date cake, (G) Balah pickle, (H) Eid cake 
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Date packing and processing: Here, dates are usually 

washed off, dried and then packaged in bags made of 
nylon, cartoon bottles or transparent plastic containers. 
Finally, these bags are compressed and stored in suitable 
places (Figure 5E).  

Date cake: This is very delicious and rich in calories. 
The cake consists of flour, sugar, dates, walnuts, almonds 
and chocolate pieces commonly offered to guests with 
several sauces such as toffee sauce on many occasions 
(Figure 5F). 

Balah pickle: This product is similar to olive, egg-
white and cucumber pickles. It has a pungent acid taste. 
The aim of the balah or date pickle production is to search 
an alternative use of dates (Figure 5G). 

Eid cake: During the two Eids (feasts) of Muslims, the 
Palestinians used to make the Eid cake, which mostly 
depends on the use of Ajwa as a filling material (Figure 
5H).  

Handicrafts 
Picture frames: These frames are commonly made of 

various parts of the date palm tree especially the fronds. In 
some cases, these fronds are pigmented with different 
colors to give an aesthetically pleasing look (Figure 6A). 

Use of fronds as a signal of grave or consolation 
place: It is an inherited practice in the Palestinian 
community to place the fronds of the date palm tree on the 
top of graves, or in streets as a sign indicating that a 
consolation is present in a near place (Figure 6B).  

Vases industry: Vases are decorative pieces designed 
to make everyday life more happy and creative. These 
vases are usually filled with roses and flowers and then 
placed on the dining tables or at the shelves to give a 
beautiful look (Figure 6C). 

Mat industry: Mats have a great history in Palestine. 
They are manufactured in large quantities due to their high 
demand especially in winter. Gazans use mats to cover the 
floor in order to give a beautiful look to furnished rooms 
(Figure 6D). 

Baskets and bowls industry: It is one of the most 
famous traditional industries. It is easy to prepare, where 
women braid fronds to make baskets, dishes and large 
vessels in order to keep clothes, bread, vegetables, fruits 
…etc (Figure 6E).  

Furniture industry: The manufacture of beds, 
cabinets, chairs, tables and shelves is common in the Gaza 
Strip. These tools are characterized by their cheapness, 
resistance to weather conditions, beauty, relation to the 
Palestinian heritage and attractiveness to Arab and foreign 
tourists (Figure 6F).  

Mattress and pillow industry: This industry depends 
on filling of cloth bags with fibers of a date palm tree. They 
are sometimes found in heritage parks and restaurants 
(Figure 6G).  

Chandelier industry: The fronds can be used in 
chandelier preparation. Sometimes, Gazans package the 
chandelier with a piece of braided frond to give it a 
beautiful look (Figure 6H). 

 Salver industry: Such a salver (seving tray) is used to 
offer foods and drinks. It is characterized by resistance to 
damage, durability, cheapness and attractiveness. It reflects 
some sort of the Palestinian heritage (Figure 7A). 

Bibelots industry: It is a trinket or an art piece that has 
historic, aesthetic and artistic values. It is one of the rare 
and precious things for the community which is used to 
decorate rooms (Figure 7B).  

Bags industry: The bags are made with different 
shapes, sizes, colors and decorations. Many women are 
attracted to buy these bags because of their lower prices 
and durability (Figure 7C).  

Tissues can industry: These cans have different 
shapes, sizes, and colors. They are characterized by their 
durability and long life (Figure 7D).   

Luffa industry: The fibers of palm trunks are rarely 
used to produce luffa. Doctors sometimes recommend 
patients and people to use these fibers because they are 
good cleaner of the human body as they protect it from skin 
diseases (Figure 7E).  

Cans industry: These cans are commonly used by the 
Palestinians to keep special papers, needles, threads, 
accessories, cosmetics or decorations. They are sometimes 
used to harbor sweets and chocolates in special occasions 
such as holidays and feasts (Figure 7F).  

Hats industry: It is a common industry in the 
Palestinian society. They are available year round with low 
prices and different sizes, shapes and colors. Some women 
wear them in events such as weddings (Figure 7G). 

Broom industry: Brooms are made of fronds or fibers 
of palm and are used by women to clean walls, houses, 
rooms and gardens especially in rural areas. Small brushes, 
produced from fibers, are used in cleaning small things like 
stairs and shoes (Figure 7H). 

Bird and fruit cages industry: This industry is often 
located near commercial fruit, vegetable and bird markets 
in order to be used in packaging and export. It is an eco-
friendly industry trying to preserve the environment from 
the accumulation of palm wastes. This industry contributes 
to the improvement of the standard of living of individuals 
(Figure 7I). 

Border of parks and fields: Some agricultural fields 
and orchards of the Gaza Strip are fenced with palm fronds. 
The fronds are commonly arranged in orderly lines around 
the fields. They are favored because of their low price and 
attractiveness (Figure 7J).  

Decorations made of palm trunks in resorts and 
restaurants: Some people use the trunks of the palm tree 
to decorate their homes, resorts and restaurants. They are 
usually placed as ornamental columns rather than structural 
columns (Figure 8A).   

Pergola industry: Seashore pergolas are common in 
the Gaza Strip. They are often made of leaves and trunks of 
palm trees. The internal environment inside these pergolas 
is cooler than the outside (Figure 8B). 

Tables made from palm trunks: Pieces of trunks of 
palm have been used by locals as tables in some shore 
parks and chalets (Figure 8C). 

  
 
 



ABD RABOU & RADWAN – Current status of the date palm in the Gaza Strip, Palestine 

 

1055

 
 

  

 

 

 
 
Figure 6. Handicrafts associated with date palm: (A) Picture frames, (B) Use of fronds as a signal of grave or consolation place, (C) 
Vases industry, (D) Mat industry, (E) Baskets and bowls industry, (F) Furniture industry, (G) Mattress and pillow industry, (H) 
Chandelier industry 
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Figure 7. Handicrafts associated with date palm: (A) Salver industry, (B) Bibelots industry, (C) Bags industry , (D) Tissues can 
industry, (E) Luffa industry, (F) Cans industry, (G) Hats industry, (H) Broom industry, (I) Bird and fruit cages industry, (J) Border of 
parks and fields 
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Figure 8: Public uses associated with date palm: (A) Decors made of palm trunks in resorts and restaurants, (B) Pergola industry, (C) 
Tables made from palm trunks, (D) Ceilings industry. 
 
 

 
 
Figure 9: Cultivation of date palm tree in public parks and green spaces 
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Figure 10: Other industries associated with date palm: (A) Coal industry, (B) Ropes and strings industry, (C) Animal fodder production, 
(D) Use pollen in folk medicine, (E) Organic fertilizer production, (F) Eyeliner production 
 
 
 
 

Ceilings industry: Since ancient times, palm trunks 
have been used as beams to bear ceilings made of palm 
fronds (Figure 8D). 

Cultivation of date palm tree in public parks and 
green spaces: Date Palm trees have a geometric and 
beautiful landscape appearance. They are commonly 

planted in public parks and green spaces. From an 
ecological point of view, palms are known to act as 
windbreaks, moderate temperature, raise relative humidity, 
stabilize soils and dunes and combat desertification (Figure 
9). 
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Other industries based on the residues of date palm 
Eyeliner and coal industry from seeds: The seeds of 

dates are collected and exposed to the sun, washed well, 
crushed and finally used as eyeliner. The seeds are 
sometimes used in the production of coal (Figure 10A and 
F).  

Ropes and strings industry: The fibers of date palm 
tree may be used in the production of strings and ropes 
(Figure 10B).  

Animal fodder production: Many palm residues, e.g. 
fibers, seeds and fronds are sometimes involved in the 
production of the animal fodder or feed. A machine has 
been designed especially to chop, grind and turn palm 
residues into animal fodder (Figure 10C).  

The use of pollen in folk medicine: The pollen of the 
palm tree is used by some Palestinians for therapeutic 
purposes. It is medicinally used in order to strengthen the 
bones, protect against fragility and aid digestion. Moreover, 
it helps in treating inflammatory bowel and stomach ulcers 
and in stopping bleeding (Figure 10D).  

Organic fertilizer production: Some palm residues 
have been used locally in the fertilizer industry as humus to 
supply agricultural plants with beneficial nutrients. It is 
considered a safe and a good alternative to chemical 
fertilizers that have pose harmful impacts on plants and the 
environment (Figure 10E). 

Discussion 
The strategic position of Palestine at the terrestrial 

meeting point between Asia, Europe, and Africa facilitates 
the interaction and spread of various plant species 
including the date palm. The Gaza Strip, which is located 
in the southern portion of the Palestine coast along the 
Mediterranean Sea is an arid to semi-arid land, harboring 
vast areas cultivated with different cultivars of date palm 
trees that attract a variety of wildlife species, especially 
birds (Abd Rabou 2005 and Abd Rabou et al. 2008). The 
present survey revealed that a total number of 250,000 date 
palm trees existing in the Gaza Strip, particularly in the 
Middle Governorate. This finding coincides with that of 
Abu-Qaoud (2015) who confirmed an intensive and 
extensive cultivation of date palms in the cities of Deir Al-
Balah and Khan Younis. Date palm cultivation has been 
practiced in the Gaza Strip since ancient times. The least 
occurrence of the date palm trees in the Gaza Governorate 
could be attributed to its political, residential, commercial 
and economic status. It is actually the capital of the Gaza 
Strip that is separated geographically from the West Bank. 
  

 
Water shortage and high salinity levels of water in most 

Gaza Governorates encouraged farmers to grow date palm 
trees as halophytic plants that tolerate high levels of 
salinity (Al Hammadi 2006; Yaish and Kumar 2015). 
According to FAO (1982), the date palm is more salt 
tolerant than any other fruit crop.  

The 19 cultivars of date palm grown in the Gaza Strip 
are very difficult to be distinguished by morphology as was 
indicated by El Kichaoui et al. (2013). They are mostly 
distinguished by the characters of the fruits, produced only 

after 4-5 years as indicated by Sedra et al. (1998). It is 
obvious that the different climatic factors are considered as 
limiting factors for the growth and development of certain 
cultivars in the Gaza Strip. For example, Abu-Qaoud 
(2015) reported that the climate in the Ghor Region of 
Palestine, where temperatures range from 12°C in March 
up to 50°C between July and October, is considered ideal 
for Medjool date production, which requires hot and dry 
weather. The climatic conditions of the Gaza Strip are not 
ideal for growth and development of this cultivar. The local 
climatic conditions are more suitable for producing of soft 
cultivars of the date palm such as Barhee and Hayani. 
Similar results were reported by both El-Kichaoui1 et al. 
(2013) and Qofa (2014), who mentioned that the Hayani, 
Bentaisha, Barhee and Ameri cultivars are the most famous 
in the Gaza Strip. 

The production of date palm in the Gaza Strip is 
relatively not stable since decades. El-Juhany (2010), Qofa 
(2014) and Abu-Qaoud (2015) mentioned more or less 
similar fluctuations because of reduction in local demands, 
weakness of post-harvest infrastructure, marketing 
difficulties and the shift adopted by farmers to plant other 
cash crops.  

The use of the different parts of the date palm tree in 
producing a variety of foods and handicrafts are common 
industries in the Gaza Strip and the other Palestinian 
territories. Palestinian women are skillful in such industries 
which reflect a heritage inherited over centuries. Such uses 
were confirmed by other local researchers who pointed out 
that an increase in demand for date palm products will lead 
to an increase in employment and income of poorer 
families (Albanna and Eid 2007; MOA 2010; Qofa 2014; 
Abu-Qaoud 2015). In spite of that, local date palm products 
do not receive the interest, attention, and support of the 
responsible authorities and NGOs. Such ignorance may 
lead to the reluctance of many people to continue in such 
production. Other non-Palestinian studies pointed out that 
the date palm over centuries has provided a large number 
of products and traditional uses which have been 
extensively used by the people in all aspects of daily life 
such as the production of baskets, bowls, broom, ceilings, 
etc. (Barreveld: 1993; Hasan et al. 2006; Al-Khalifah and 
Shanavaskhan 2012; Johnson 2012 and Boufennara et al. 
2016). Food industries depending on date palms are of 
great importance to the Palestinians in the Gaza Strip who 
are living under blockades imposed by the Israeli Army 
since 2006. Of course, such food industries need support 
and respect from the governmental and non-governmental 
organizations and agencies in order to continue locally 
where a great percentage of the Gazans suffers from 
poverty and unemployment. In their studies, Al-Shahib and 
Marshall (2003), Hasan et al. (2006), and Al-Orf et al. 
(2012) pointed out that the date fruits are of high nutritional 
value because they are considered as a good source of 
sugars, minerals, and vitamins. The syrup, jams, ice cream, 
baby foods and soft drinks produced from date palms are of 
great demand in the Arab markets. They improve the level 
of standard living, increase the percentage of employment 
and require modest equipment and tools.   
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Finally, the study recommends the improvement of the 
processes of date palm cultivation, production, protection, 
and marketing. Moreover, the cooperation of different 
parties locally, regionally and internationally is essential to 
ensure a sustainable development of this vital sector in the 
economy of the Gaza Strip.   
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Abstract. Mustaqim WA. 2017. Short Communication: Agalmyla inaequidentata Hilliard & B.L. Burtt (Gesneriaceae, Trichosporeae, 
Didymocarpinae): A new genus record in Buru Island, Maluku, Indonesia. Biodiversitas 18: 1062-1065. Agalmyla inaequidentata 
Hilliard & B.L. Burtt (Gesneriaceae, Didymocarpoideae) has been discovered for the first time on Buru Island, the first record of the 
genus on the island. The result expands the distribution of the genus in the Maluku, so that it is now present on the Halmahera, Buru and 
Seram, the three largest islands in the archipelago. This species differs from other members of Agalmyla by the presence of both 
globular glands and acute hairs on the ovary and style. The number of lateral veins of this species is now also extended from 4−6 to 4−9 
on each side of the midrib. 

Keywords: Agalmyla inaequidentata, Buru Island, Gesneriaceae, new genus record 

INTRODUCTION 

Agalmyla Bl. is a member of the Gesneriaceae family, 
belong to subfamily Didymocarpoideae (Weber et al. 
2013). The genus consists of perhaps as many as 100 
species. The geographical distribution of the genus is 
confined to the Malesian region (Hilliard and Burtt 2002a). 
In the last two decades, a number of new species of this 
genus have been discovered (Hilliard and Burtt 2002b, 
Middleton and Scott 2008). 

Maluku, also known as the Moluccas, belongs to the 
Wallacea biogeographical region. Six species of Agalmyla 
have been reported to occur on these islands. All of them 
are endemic here, either on a single or several islands. 
Among those, the only one that is known to be present on 
more than one island is Agalmyla elongata (Bl.) B.L. Burtt. 
No genus record has been available from Buru, Aru Islands 
or Tanimbar (Hilliard and Burtt 2002a). 

A specimen belonging to Agalmyla has been recently 
collected in the central part of the Buru Island. A 
comparison has been conducted based on the most 
comprehensive checklist of the genus in Hilliard and Burtt 
(2002). The characters of the specimen were found to 
match Agalmyla inaequidentata Hilliard & B.L. Burtt, 
formerly an endemic of Seram Island, east of Buru Island 
(Hilliard and Burtt 2002). This discovery becomes the first 
record of the genus for this island. The description of the 
species is prepared based on recently collected material and 
presented in this account. 

MATERIALS AND METHODS 

One collection of Agalmyla inaequidentata was made 
from the area of Lake Rana, in the central part of Buru 
Island, Waereman Village, Fena Leisela District, Buru 
Regency, Maluku Province, Indonesia (see Figure 1). The 
specimen has been preserved in the form of dried 
herbarium specimens and supplemented with spirit material 
for flowers. The specimens were later deposited in the 
herbarium of Bogor Botanical Garden, Bogor, West Java 
(KRB). The literature used in the identification were 
Hilliard and Burtt (2002a, 2002b) and Middleton and Scott 
(2008), and examination of digital images of specimens, 
mainly E (Edinburgh) and Leiden (L). A morphological 
description has been prepared based on material from the 
single collection on Buru Island. 

RESULTS AND DISCUSSION 

Agalmyla inaequidentata Hilliard & B.L. Burtt, 
Edinburgh J. Bot. 59(1): 82 (2002). − TYPE: Seram, 
Manusela National Park, north side of Gunung Binaia (now 
Binaiya), 2000 m, 30 viii 1987, Argent C.87106 (holo E 
photo seen, iso E photo seen). 

Climbers to 5 m. Stem rooting on internodes, ca. 3.25 
mm diam. in the leafy part, densely appressed pubescent 
when young, rather tardily glabrescent. Leaves opposite, 
strongly anisophyllous, reduced leaves caducous, ovate-
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oblong, petiole-like part ca. 2.5 mm long, hairs as in 
developed leaves, blades of largest leaves, 7.75−14.45 × 
3.65−5 cm, base cuneate or obtuse, decurrent to petiole, 
margin distantly serrate or biserrate, dentate, apex acute or 
slightly acuminate, (6-)7−8(-9) lateral veins on each side of 
the midrib, including the most basal pair, arcuate near the 
margin or entirely curved, lateral venation obscure above, 
distinct beneath, upper surfaces with scattered appressed 
hairs, more on the midribs, hairs more closely arranged in 
lower side, denser on the midrib and lateral nerves, petiole 
2−5.2 cm long, densely appressed pubescent. Inflorescence 
axillary, 5-flowered, probably also more, peduncle 
10.6−20.8 cm long, green, strongly flushed with red, 
especially toward apex, with subdense spreading hairs, 
bracts green, elliptic-oblong, ca. 8 × 2.2 mm. Pedicels dark 
red, 7−9.5 mm long, covered with upward pointing hairs, 
of unequal length. Calyx dark red, greenish toward apex, 
tube 2.8 mm long, lobes subequal, narrowly triangular, 
7−7.5 × 2−3 mm, outside covered with densely appressed 
acute hairs, both sides with minute globular glands, inside 
at apical part also with short hairs, variable in length, apex 
of lobes with distinct gland, up to 0.6 mm across, with 
additional smaller glands on one or both sides, up to 2 each 
side. Corolla 35 mm long, red, arcuate, tube funnel-shaped, 
posticous lobes obovate, ca. 6−8 × 3.75 mm, measured on 
the longest side, sinus between upper lobes 3.5 mm, 
anticous lobes oblong, slightly sub obovate, 8 × 4 mm, 

rounded at apex, outside of corolla densely pubescent to 
near the base, gland-tipped hairs mostly minute, larger ones 
only at apex of the dorsal side, otherwise found to be 
shorter than much abundant acute hairs, apex of lobes 
fringed with gland-tipped hairs, inside of lobes with minute 
acute hairs, at base of anticous filaments with patch of 
globose papillae.Stamens 4, shorter than posticous corolla 
lobes, filament glabrous, anticous anthers inserted at ca. 
1.75 cm from corolla base, filaments 1.4 cm long, anthers 2 
× 1.5 mm, posticous filaments inserted at 1.875 cm from 
the corolla base, filaments 1.3 cm long, anthers 1.75 × 1.75 
mm. Staminode ca. 0.6 mm long. Disc cupular, 1 mm long, 
glabrous. Gynoecium 28.5 mm long, stipe glabrous, ca. 3 
mm long, ovary ca. 16 mm long, style ca. 7 mm long, both 
with globular glands and acute hairs, hairs spreading, 
slightly ascending, stigmatic lobes ca. 1.6 × 1.5 mm, 
outside covered with acute hairs, minute globular glands, 
and with some gland-tipped hairs above, inside papillose. 
Fruit not seen. − Figure 2. 

Distribution. Endemic to Maluku Islands: Buru and 
Seram. 

Habitat and ecology. In Buru, only collected once 
growing on a small treelet, near a stream in the foothills, in 
a rather semi-shaded to open site, at an elevation of about 
806 m. Fl. March. Based on Hilliard and Burtt (2002a), this 
species can be found at an elevation of 600 to 2400 m. 
 

 
 
 
 
 

 
 
Figure 1. A. Map showing Buru (Br) and Seram (Sr) Island within the Maluku Islands, the native range of Agalmyla inaequidentata. B. 
Collecting locality of Agalmyla inaequidentata on Buru Island. 

B A 
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Figure 2. Inflorescence from a living plant of Agalmyla inaequidentata (Photo: W.A. Mustaqim) 
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Notes. This species can be recognized by a combination 
of the absence of a ring or tuft of hairs at the base of the 
corolla tube inside, stamens not surpassing the corolla, 
glabrous filaments, peduncle longer than 8 cm, and a calyx 
tube that is distinct and shorter than the lobes. A unique 
character of the species is the presence of both globular 
glands and acute hairs on the ovary and style (Hilliard and 
Burtt 2002a). The current specimen from Buru slightly 
differs in the number of the lateral veins on each side of the 
midrib, that is 7−8 and rarely 6 or up to 9, compared to 4−6 
and also the longer calyx tube that is up to 2.8 mm long, 
compared to 2.3 mm long as the longest record. The gland-
tipped hairs on the corolla are also less abundant than in the 
type materials. Ovary were found to be 1.6 cm long, much 
shorter than the previously known (2.2−2.7cm) and is 
probably caused by the fact that flower the the genus are 
protandrous (Hilliard & Burtt 2002a). 

Since the number of lateral veins in this species is now 
up to 9, the key are no longer worked, therefore the 
identification key of Hilliard and Burtt (2002a, page 71, 
couplet 12) has been modified. The modification is as 
follows: 

 
12a. Ovary glabrous. Lateral veins 7−8 each side of the 

midrib (Maluku Islands (Obi)) .............. 26. A. obiana 
12b. Ovary either clad in minute globular glands, 

sometimes with glandular hairs as well. Lateral veins 
usually 3−6 or rarely to 9 each side of the midrib 
.. .... .... ..... ..... .... ..... .... ..... .... ..... .... ..... .... ... 13 

 
Besides the current record, another species with 

larger, pinker flowers has been seen by the author on Buru 
Island, but no collection has been made due to collecting 
conditions. It was seen to grow epiphytically on a tree 
along the road, probably 7 km north from the present 
collection. In the future, more field exploration almost 
certainly will reveal more records or even a new species. 

 
Specimen examined: Buru. Buru Regency, Fena Leisela 

District, Waereman, northwest side of Lake Rana, 806 m, 
(S 3° 22’ 56.5” E 126° 32’ 52.2”) WA Mustaqim 176 
(KRB). 

 

Additional specimens seen: Seram. Manusela National 
Park, north side of Gunung Binaia (Binaiya), 30 viii 1987, 
Argent C.87106 (holo E (image E00062887! 
(http://data.rbge.org.uk/herb/E00062887))); iso E (image 
E00062888! (http://data.rbge.org.uk/herb/E00062888)), L 
(image L.3794889! (http://data.biodiversitydata.nl/ 
naturalis/specimen/ L.3794889))); Mittel-Seran, G. Piraia 
(Binaija), Baumfarmregion, S 3° 23’ E 129° 26’, 
Stresemman 338 (L (image with barcode L.2825401! 
(http://data.biodiversitydata.nl/naturalis/specimen/L.28254
01))); Kaniki, 600 m, 24 xi 1917, Kornassi 536 (L (image 
L.2825399! (http://data.biodiversitydata.nl/naturalis/ 
specimen/L.2825399))); U (image U.1336391! 
(http://data.biodiversitydata.nl/naturalis/specimen/U.13363
91))). 
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Abstract. Lestari DA, Azrianingsih R, Hendrian H. 2017. Taxonomical position of Annonaceae species from East Java, Indonesia: 
collections of Purwodadi Botanic Garden based on morphological character. Biodiversitas 18: 1067-1076. Morphological characters 
are one of the most consistent of taxonomical markers are used in Annonaceae today. One of the plants collections from Annonaceae 
species which came from East Java and conserved in Purwodadi Botanic Garden-Indonesian Institute of Sciences, Purwodadi, and East 
Java has some problems in morphological characters. It has some problems that causing the taxonomical position of these species are 
not clear, i.e. presence of unidentified plant until level species. The aim of this study is to classify and identify of species that have not 
been identified in order to taxonomical position be clearly. Material samples are used Annonaceae collection from East Java and 
Magnoliaceae as out-group. Samples of these plants were observed qualitatively and quantitatively through morphological characters 
were analyzed using cluster analysis and then synapomorphy, autapomorphy and apomorphy character analysis to identify and to 
determine the taxonomical position. The results showed that there are 4 tribes and two sub-families in the dendrogram. Tribe includes 
Miliuseae, Xylopiae, Annoneae and Uvariae, as well as sub-family of Malmeoideae and Annonoideae. Sub-family distinguished by 
inner petal and habit, sub-family of Malmeoideae has connate inner petals and trees habit, sub-family of Annonoideae has free inner 
petal and woody climber habit, some of the trees. Species are unidentified suspected as a different species based on the proximity of 
group formed. There are five plant species that have not been identified to the species level. These species can be recommended the 
taxonomical position and proposed of species name through dendrogram with the name of the specimen. Specimen 1 is predicted to 
have close relations with Annona muricata, specimen 2 is predicted to have close relations with Miliusa macropoda, specimen 3 is 
predicted to have close relations with Artabotrys uncinatus and identified as Uvaria micrantha, specimen 4 is predicted to have close 
relations with Fissistigma latifolium and specimen 5 is predicted to have close relations with Saccopetalum horsfieldii, because these 
species are in one group.  

Keywords: Annonaceae, morphology, taxonomical position, Purwodadi Botanic Garden  

INTRODUCTION  

 Morphological character is one of the markers used for 
the grouping of plant taxonomy besides of the other 
characters such as anatomy, micromorphology, histology, 
cytology, palynology, embryology, chemistry, and 
biogeography. This is caused by morphological characters 
have a consistent character, can be derived, non-susceptible 
to environmental changes, showing clear delineation of 
other similar character and character states, and have 
valuable evolution (Bhattacharyya, 2009). Generally, these 
characters are specifically derived in certain groups and 
one of them is Annonaceae family. According to the Engler 
and Prantl classification system, the family of Annonaceae 
belongs to the sub-class of Dialypetalae is belonging to 
primitive plants and characterized by unclear boundaries 
between sepals, petals, and parts of fruit (Tjitrosoepomo, 
2013).  

Hutchinson (1973) states that Annonaceae is an 
ancestor of Magnoliaceae, but it has more advanced 
characters. Some similarities between morphological 

characters between Annonaceae and Magnoliaceae 
includes numerous of hollow, type of stomata is parasitic, 
bisexual flowers and trimerous, adhere microspores, type 
of pollen is monosulcate, free and spiral carpels, type of 
endosperms is cellular and follicle fruits. This similarity of 
character indicates the close relationship between 
Annonaceae and Magnoliaceae. Morphological characters 
are belonging only to Annonaceae family includes 
distichous leaves arrangement, cross-section of stem is 
striate, stems or twigs when exfoliated will produce a 
unique aroma (aromatic), leaves have no stipules, 
aestivation of petal is valvate, endosperm ruminate, arillus 
seeds, berries or drupe fruits, and vessels with simple 
perforated fields (Kessler, 1993; Maas et al. 2007; 
Bhattacharyya, 2009; Wu et al. 2011). According to 
Chatrou et al. (2012), Annonaceae family is divided into 
four sub-families i.e. Anaxagoreoideae, Ambavioideae, 
Annonoideae and Malmeoideae based on the molecular 
marker. The four subfamilies are distinguished by the 
morphological characteristics of habit, leaf arrangement, 
carpels of flowers and fruit, the form of apical connective 
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prolongation, connective extension of anthers, internal 
staminodia, orbicules, ovules, endosperm ruminations, tip 
shape of stamen, monocarp abscission, monocarp dehiscent 
or indehiscent, shape of seed, integument of middle seed 
and the number of basic chromosomes. This distinguishing 
character of subfamilies refers to many observations and 
research from Maas and Westra (1984), Westra (1985), 
Morawetz and Le Thomas (1988), van Heusden (1992), 
van Setten and Koek-Noorman (1992), Johnson and 
Murray (1995), Doyle and Le Thomas (1996), Svoma 
(1998), Johnson (2003), Maas, Westra and Chatrou (2003), 
Tsou and Johnson (2003), Scharaschkin and Doyle (2005, 
2006), Su and Saunders (2006), Maas, Westra and Vermeer 
(2007), Couvreur (2009), Huysmans et. al. (2010), 
Surveswaran et. al. (2010) and Weerasooriya and Saunders 
(2010). This morphological character becomes a distinctive 
character in sub-family of Annonaceae. Sub-families of 
Annonoideae and Malmeoideae are divided into several 
tribes and distinguished by characteristics from structure of 
gynoecium, aestivations of petals, sum of petals, relatively 
size of outer and inner petals, sympetalous flowers or 
inflorescence, tip of connective, placenta and number of 
ovules, position of flowers or inflorescence, phyllotaxis 
type, pollen form and absence or present of indumentum 
(Koek-Norman et al. 1990; Chatrou et al. 2012; Doyle and 
Thomas, 2012). 

The taxonomical position of Annonaceae species is still 
debatable, especially in Annonaceae species are grouping 
based on morphological characters. Chatrou et al. (2012) 
classify Annonaceae species based on characters of 
generative organ, while Couvreur et al. (2012) grouped by 
characters of vegetative organ and fertile characters during 
their generative phase. Several categories in his infra-
family have problems. The classification at these levels is 
very far when compared to another family, although the 
grouping of Annonaceae family tends to be stable (Kessler, 
1995). Therefore, determination of taxonomical position 
for unidentified species in Annonaceae family could be 
identified by a dendrogram. The importance of taxonomical 
position is crucial to the classification of species in plant 
taxonomy for it’s clear identity. 

Some species of Annonaceae are ex-situ conserved and 
collected by Purwodadi Botanic Garden (PBG) - 
Indonesian Institute of Sciences as one of the plant 
conservation institutions. Annonaceae family are collected 
from various regions in Indonesia, such as Java (especially 
East Java), Borneo, Sumatra (Riau), Sulawesi, Maluku 
(Buru and Seram Island), Papua and East Nusa Tenggara 
(Lestarini et al. 2011). One of the Annonaceae collections 
has problems and especially are originates from East Java, 
where the generative character does not fully appear, have 
variations in certain species such as Orophea (Lestari, 
2011) and unidentified species. Unidentified species from 
Annonaceae collections that originate from East Java in 
PBG are five specimens. Through morphological character 
analysis, the taxonomical position of Annonaceae species 
from East Java can be identified and determined further. 

The aim of this research is to classify and identify the 
unidentified species as name verification so that the 
taxonomical position of it can be clearly known. If species 

identity of it has been known, it is useful in conservation 
effort of Annonaceae especially are originates from East 
Java in PBG. 

MATERIALS AND METHODS  

Study site  
Research was conducted in Purwodadi Botanic Garden 

(PBG), Indonesian Institute of Sciences, Pasuruan, East 
Java, Indonesia, for morphological observation) and 
Laboratory of Plant Taxonomy, Department of Biology, 
Faculty of Mathematics and Natural Sciences, University 
of Brawijaya, Malang, East Java, Indonesia (for data 
analysis of morphological characters), since 2011 until 
March 2017. This research takes a long time because 
flowering time of material samples are not simultaneously 
and most of the Annonaceae in PBG are flowering at the 
end until beginning of the year. 

Materials 
Plant material used for the studied were a collection of 

Annonaceae species explored from East Java (Figure 1) 
and conserved in PBG. As many as 28 species of 
Annonaceae from East Java (as in-group) and two species 
of Magnoliaceae (as out-group) are shown in Table 1. 

Procedures 
Morphological characters were observed by phenetic 

character includes qualitative and quantitative characters. 
Qualitative characters are observed fifty-five characters and 
quantitative characters are observed fifteen characters (van 
Heusden, 1992; Kessler, 1993; Priyanti, 2001; Bioversity 
International, 2008; Folorunso and Olorode, 2008). Each 
plant sample is repeated based on a number of plant 
specimens in PBG. 

Data analysis 
Data are obtained included in determination table and 

further scored with a reference number "0" for characters 
that are not found in samples of plants were observed and 
the number "1" for the characters that encountered in plant 
samples was observed (Table 2). Data that has been scored 
then analyzed using statistical program PAST 
(Paleontological Statistics) ver. 1.34 by cluster analysis 
method (Jukes-Cantor similarity index) to produce a 
dendrogram. The result of dendrogram then analyzed with 
synapomorphy, autapomorphy and apomorphy characters 
to know the distinguishing character of each taxon of 
Annonaceae species collections from East Java.  

RESULTS AND DISCUSSION 

Dendrogram of Annonaceae species based on 
morphological character  

Based on data analysis results, it can be seen that 
outline is formed from dendrogram showing the division of 
four tribes and two sub-family. Tribes include Miliuseae, 
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Xylopiae, Annoneae and Uvariae, as well as sub-family of 
Malmeoideae and Annonoideae (Figure 2).  
Differences of morphological character from 
Malmeoideae and Annonoideae sub-family 

Differences of morphological character from 
Malmeoideae and Annonoideae sub-family are indicated by 
character of inner petal (Figure 3) and habit (Figure 4). 
Sub-family of Malmeoideae has connate inner petal and 
mitriform shape, but sub-family of Annonoideae has free 
inner petal and valvate shape. Besides that, Habit of 
Malmeoideae sub-family is tree but Annonoideae sub-
family is woody climber. 

Suggestion of species identity from unidentified plant 
samples of Annonaceae 

Unidentified species of Annonaceae from East Java are 
5 species and namely is specimen 1, specimen 2, specimen 
3, specimen 4 and specimen 5. Morphological flowers of 
unidentified species are shown in Figure 5. The first and 
second row show the unidentified species of Annonaceae 
from East Java, then the third and fourth row show the 
species predicted from unidentified species based on 
analysis of dendrogram (Figure 2). 

Discussion 
Tribes of Miliuseae divided into 4 groups: group of 

Pseuduvaria reticulata-Mitrephora reticulata-Orophea 
hexandra, group of Orophea enneandra-Mitrephora 
javanica-Meiogyne cylindrocarpa, group of Popowia sp.-
Miliusa macropoda-Saccopetalum horsfieldii-Polyathia 
sp., and Mitrephora polypyrena is separately but still 
incorporated in tribes of Miliuseae. Morphological 
characters in Miliuseae tribes based on similarity 
(synapomorphy) of habit of trees, development of the main 
stem is monopodial, location of branches on the main stem 
is rhythmic, direction of stem growth is perpendicular 
(erectus), direction of branch growth is plagiotropic, smell 
of bark is fragrant, composition of leaves is compound 
leaves, leaf arrangement is alternate, texture sepals is not 
fleshy, sepals thickness is thin, number of whorls is two, no 
hooked, number of petals, stem diameter and width of 
leaves. The similarity of these characters is grouped in sub-
family Malmeoideae. Genus of Saccopetalum is a synonym 
from genus Miliusa thus included in one group (Bennett 
1840). According to of Chatrou et al. (2012), sub-family of 
Malmeoideae is characterized by a distinctive character in 
their sub-family that have habit of trees, flower   

 
 
 
 

 

 
 
Figure 1. Study sites of material sampling of Annonaceae species from East Java, Indonesia and conserved in PBG (symbol: red circle) 
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Table 1. Plant material samples of Annonaceae collection from East Java, Indonesia and outgroup are observed (Lestarini et al. 2011) 
 

Species name Voucher 
number Location Origin Sum of 

specimen 
Specimen 1 P19770246 IV.A.I.5 East Java  3 
Stelechocarpus burahol (Blume) Hook.f. & Thomson P197704130 XVIII.C.10 Cowek, Purwodadi 1 
Annona muricata L. P1977091 XVIII.C.28 Lawang, Malang 3 
Saccopetalum horsfieldii Benn. P1978074 XVIII.C.2 Prigi, Trenggalek  2 
Specimen 2 P19790732 XVIII.C.24 Pulau Sempu 4 
Artabotrys blumei Hook.f. & Thomson P19790775 XVIII.C.8 Sendangbiru, Malang 1 
Mitrephora reticulata (Blume) Hook.f. & Thomson P19810125 XVIII.C.20 Pulau Sempu 2 
Orophea enneandra Blume P198105274 XVIII.C.25 Meru Betiri, Banyuwangi 1 
Mitrephora polypyrena (Blume) Miq P19811116 XVIII.C.7 Gn. Kukusan, Lumajang 1 
Fissistigma latifolium (Dun.) Merr. P19820362 XVIII.C.30 Tuban 1 
Anomianthus dulcis (Dun.) J. Sinel P19820611 XVIII.C.6 Bawean Island 2 
Orophea enneandra Blume P19821169 XVIII.C.26 Lebakharjo, Malang 2 
Magnolia candolli (Blume) H.Keng P19821171 XVIII.D.II.2 Lebakharjo  1 
Monoon lateriflora (Blume) Miq. P198302228 XVIII.C.19 Situbondo 1 
Specimen 3 P19840317 XVIII.C.35 Banyuwangi 1 
Uvaria schizocalyx Back. P19840321 XVIII.C.23 Banyuwangi 1 
Uvaria concava Teijsm. & Binn. P19840389 XVIII.C.39 Blitar 1 
Uvaria purpurea Blume P198501315 XVIII.C.56 Ht. Jolo Sutro, Blitar 1 
Specimen 4 P19850160 XVIII.C.40 Ht. Tumpak, Malang  1 
Mitrephora javanica Back P19850167 XVIII.C.38 Ht. Tumpak, Malang 1 
Artabotrys uncinatus (Lam.) Merr. P19850227 XVIII.C.34 Ngliyep, Malang 1 
Orophea hexandra Blume P198502409 XVIII.E.8 Banyuwangi 2 
Orophea enneandra Blume P19860266 XVIII.E.3 Tempursari, Lumajang 2 
Uvaria rufa Blume P198803196 XVIII.C.47 TN. Baluran, Situbondo 1 
Specimen 5 P1989043 XVIII.C.62 Sumenep, Madura 1 
Pseuduvaria reticulata (Bl.) Merr. P19910930 XVIII.C.55 Tempursari, Lumajang 4 
Michelia champaca (L.) Baill. Ex Pierre var. alba P1997110091 XIV.G.I.10 Malang  1 
Miliusa macropoda Miq. P199712239 XVIII.E.36 TN. Alas Purwo, Banyuwangi 2 
Meiogyne cylindrocarpa (Burck) Back. P19991125 XVIII.E.43 TN. Baluran, Situbondo 2 
Meiogyne cylindrocarpa (Burck) Heusden P2005118 XIX.B.I.62 TN. Alas Purwo, Banyuwangi 3 
 
 
 
 
 
Table 2. Character and character state in Annonaceae species  
 

Character and character state 
Habit; 1. tree, 2. shrub, 3. woody climber 
Crown shape; 1. irregular, 2. cone, 3. cylindrical, 4. umbrella, 5. graded 
Presence or absent of hooked ; 1. absent, 2. present 
Age of the plant (year); 1. 1-15 years, 2. 16-30 years, 3. 31-45 tahun 
Crown diameter (cm); 1. 1-250 cm, 2. 251-500 cm, 3. 501-750 cm, 4. 751-1000 cm, 5. 1001-1250 cm 
Plant height (cm); 1. 1-500 cm, 2. 501-1000 cm, 3. 1001-1500 cm, 4. 1501-2000 cm, 5. 2001-2500 cm 
 
Stem 
Stem diameter (cm); 1. 1-25 cm, 2. 26-50 cm, 3. 51-100 cm, 4. 101-150 cm, 5. 151-200 cm 
Development of main stem; 1. monopodial, 2. sympodial 
Location of branches on main stem; 1. rhythmic, 2. constantly 
Direction of stem growth; 1. perpendicular (erectus), 2. climbing (scandens) 
Direction of branch growth; 1. ortotrophic, 2. plagiotrophic 
Stem color; 1. light green, 2. grey, 3. dark grey, 4. brown, 5. other 
Color of young branches; 1. light green, 2. green, 3. dark green, 4. other 
Color of bark; 1. light grey, 2. grey, 3. dark grey, 4. brown, 5. other 
Smell of bark; 1. fragrant, 2. not fragrant 
Outer bark; 1. light brown, 2. brown, 3. dark brown, 4. grey, 5. light green, 6. green, 7. dark green 
Inside bark; 1. light green, 2. green, 3. dark green, 4. green yellowish, 5. light brown, 6. yellow, 7. yellow brownish 
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Leaf 
Leaf composition; 1. single, 2. compound 
Leaf arrangement; 1. alternate, 2. opposite, 3. spiral 
Length of leaf stalk (petiole), (cm); 1. 0,1-0,5 cm, 2. 0,6-1 cm, 3. 1,1-1,5 cm, 4. 1,6-2 cm, 5. 2,1-2,5 cm 
Diameter of leaf stalk (petiole), (mm); 1. 0,1-1 mm, 2. 1,1-2 mm, 3. 2,1-3 mm, 4. 3,1-4 mm 
Indumentum of leaf stalk; 1. glabrous, 2. simple hairs, 3. stellate hairs 
Leaf texture; 1. membranaceus, 2. herbaceous, 3. perkamentous, 4. coriceus 
Leaf indumentum; 1. glabrous, 2. simple hairs, 3. stellate hairs 
Shape of leaf blade; 1. ovate, 2. elliptic, 3. obovate, 4. lanceolate, 5. other 
Shape of leaf base; 1. acute, 2. rounded, 3. obtuse, 4. cordate 
Shape of leaf tip; 1. acute, 2. rounded, 3. acuminate 
Leaf length (cm); 1. 1-10 cm, 2. 11-20 cm, 3. 21-30 cm 
Leaf width (cm); 1. 1-5 cm, 2. 6-10 cm, 3. 11-15 cm 
Leaf thickness (mm); 1. 0,1-0,2 mm, 2. 0,21-0,3 mm, 3. 0,31-0,4 mm, 4. 0,41-0,5 mm, 5. 0,51-0,6 mm 
Pubescence on surface of adaxial leaves; 1. absent, 2. present 
Pubescence on surface of abaxial leaves; 1. absent, 2. present 
Color of mature leaves; 1. light green, 2. green, 3. grayish green, 4. dark green, 5. other  
Color of young leaves; 1. yellow, 2. light Green, 3. green, 4. dark green, 5. red, 6. purple, 7. red purplish, 8. other 
Edge of leaf; 1. entire, 2. undulate 
Number of lateral nerves; 1. 1-5 pairs, 2. 6-10 pairs, 3. 11-15 pairs, 4. 16-20 pairs 
Leaf-blade venation; 1. submerged, 2. intermediate, 3. Raised 
 
Flower 
Length of flower stalk (peduncle), (cm); 1. 0,01-1,5 cm, 2. 1,51-3 cm, 3. 3,01-4,5 cm, 4. 4,51-6 cm 
Floral glands; 1. absent, 2. present 
 
Sepal 
Sepal pubescence; 1. absent, 2. present 
Type of sepal; 1. valvate, 2. reduplicate-valvate, 3. imbricate, 4. Apert 
Fusion of sepal; 1. free, 2. connate at the base only, 3. connate 
Shape of sepal; 1. depressed to narrowly ovate, 2. triangular, 3. connate cup, 4. circular 
Texture of sepal; 1. not fleshy, 2. fleshy 
Thickness of sepal; 1. thin, 2. thick 
Size of sepal; 1. short (0-25 mm), 2. long (˃25 mm) 
Indumentum of sepal; 1. glabrous, 2. simple hairs, 3. stellate hairs 
 
Petal 
Expansion of petal; 1. reflexed, 2. spreading, 3. erect, 4. connivent 
Aestivation of petal; 1. valvate, 2. reduplicate-valvate, 3. imbricate, 4. transversely folded, 5. apert 
Number of petal; 1. 1-5 pcs, 2. 6-10 pcs, 3. 11-15 pcs 
Number of whorls; 1. one, 2. two, 3. three 
Fusion of petal; 1. free, 2. connate 
Color of outer petal; 1. white, 2. yellow, 3. yellowish, 4. green, 5. greenish, 6. red, 7. reddish to pinkish, 8. pink, 9. brown, 10. purple, 
11. purplish, 12. orange, 13. grey, 14. black, 15. dot with colored spot, 16. other  
Color of inner petal; 1. white, 2. yellow, 3. yellowish, 4. green, 5. greenish, 6. red, 7. reddish to pinkish, 8. pink, 9. brown, 10. purple, 
11. purplish, 12. orange, 13. grey, 14. black, 15. dot with colored spot, 16. other  
Petal pubescence; 1. absent, 2. present 
Petal length (cm); 1. 0,1-1 cm, 2. 1,1-2 cm, 3. 2,1-3 cm, 4. 3,1-4 cm, 5. 4,1-5 cm, 6. 5,1-6 cm 
Petal width (cm); 1. 0,1-1 cm, 2. 1,1-2 cm, 3. 2,1-3 cm, 4. 3,1-4 cm 
Size of petal; 1. small (˂0,5 cm), 2. intermediate (0,5-14,5 cm), 3. big (˃14,5 cm) 
Texture of petal; 1. not fleshy, 2. fleshy 
Thickness of petal; 1. thin, 2. thick 
Shape of petal; 1. ovate, 2. elliptic, 3. spoon-shaped, 4. mitre-shaped 
Shape of inner petal; 1. valvate, 2. mitriform 
Indumentum of petal; 1. glabrous, 2. simple hairs, 3. stellate hairs 
Torus of petal; 1. flat, 2. shallowly conical torus with a flat apex, 3. deeply concave, 4. concave apex and ovoid apicule, 5. cushion 
shape torus 
 
Stamen 
Number of stamen; 1. little (1-5), 2. intermediate (6-12), 3. many (˃12) 
Shape of stamen; 1. long and narrow, 2. short and broad, 3. distinct, 4. a shield-like apical prolongation of the connective, 5. broad 
connective shielding the anthers 
Type of stamen; 1. uvarioid, 2. miliusoid  
Stamen length; 1. short (0,1-7 mm), 2. long (˃7 mm) 
Color of stamen; 1. white, 2. cream, 3. (orange-)yellow, 4. orange, 5. red, 6. (red-)brown, 7. brown, 8. purple 
Texture of stamen; 1. not fleshy, 2. fleshy 
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Figure 2. Dendrogram of Annonaceae species from East Java; Mgc=Magnolia candollii and Mic=Michelia champaca var.alba 
(outgroup), Mp=Mitrephora polypyrena, Mr=Mitrephora reticulata, Pr=Pseuduvaria reticulata, Oh=Orophea hexandra, Oe=Orophea 
enneandra, Mj=Mitrephora javanica, Mc=Meiogyne cylindrocarpa, Mm=Miliusa macropoda, Sh=Saccopetalum horsfieldii, 
Ab=Artabotrys blumei, Pl=Monoon lateriflora, Sb=Stelechocarpus burahol, Am=Annona muricata, Ad=Anomianthus dulcis, 
Fl=Fissistigma latifolium, Us=Uvaria schizocalyx, Uc=Uvaria concava, Ur=Uvaria rufa, Au=Artabotrys uncinatus, and Up=Uvaria 
purpurea (in-group) 
 
 
 
 
 

 
 
Figure 3. The character of inner petal as differences sub-family of Malmeoideae and Annonideae; a. Mitrephora polypyrena, b. 
Pseuduvaria reticulata, c. Orophea enneandra and d. Meiogyne cylindrocarpa - connate inner petal, e. Uvaria schizocalyx, f. 
Anomianthus dulcis, g. Mitrephora sp. and h. Fissistigma latifolium - free inner petal 
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Figure 4. The character of habit as differences sub-family of Malmeoideae and Annonideae; A. Saccopetalum horsfieldii, B. Mitrephora 
polypyrena - habit of the tree, C. Uvaria schizocalyx, D. Mitrephora sp. - habit of woody climber 

 
 
 
 

 

 
 
Figure 5. Species predicted from unidentified species in material samples of Annonaceae from East Java, Indonesia. A. Specimen 1, B. 
Specimen 2, C. Specimen 3, D. Specimen 4, E. Specimen 5, F. Annona muricata, B. Miliusa macropoda, C. Artabotrys uncinatus, D. 
Fissistigma latifolia, E. Sarcopetalum horsfieldii 
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arrangement is spiral phyllotaxis, genital flowers is 
hermaphroditic (sometimes (andro) dioecious, rarely 
(andro) monoecious, shape of the apical connective 
prolongation is peltate-truncate, peltate-apiculate, tongue-
shaped or not, connective extension of anthers nonseptate, 
staminodes inside part in a rare, indumentum simple hairs 
and rarely T-shaped hairs, no bracts and location of 
flowers in parts of plant is terminal or axillary. Chaowasku 
et al. (2014) classify each genus in tribes of Miliuseae 
based on forms of pollen, which is genus of Mitrephora 
and Pseuduvaria has the form of pollen disulculate; tetrad, 
genus of Orophea, Meiogyne, Popowia, Miliusa and 
Polyalthia has the form of pollen is disulculate; monads, 
and genus of Stelechocarpus has form of pollen is 
cryptoaperturate/disulculate; monads. Based on both of 
these groupings, it is dominant distinguished by habit and 
generative character especially on flowers (especially in 
staminodes, connective apical prolongation and pollen 
characters). Results of this study is adding the other 
characters to grouping by each genus, there are 
development of the main stem is monopodial, location of 
branches on the main stem is rhythmic, direction of stem 
growth is perpendicular (erectus), direction of branch 
growth is plagiotropic, smell of bark is fragrant, 
composition of leaves is compound, leaf arrangement is 
alternate, texture sepals is not fleshy, sepals thickness is 
thin, number of whorls is two, no hooked, number of 
petals, stem diameter and width of leaves. 

Tribes of Annoneae are divided into two groups: a 
group of Polyalthia lateriflora-Artabotrys blumei-
Stelechocarpus burahol and group of Annona muricata-
Annona sp. Both of groups are grouping based on similarity 
of smell bark is fragrant, composition of leaves is 
compound, leaf arrangement is alternate, indumentum of 
leaf and petiole is glabrous, shape of leaf tip is acuminate, 
pubescence on abaxial and adaxial leaf surface do not exist, 
color of mature leaves is dark green, leaf margin is entire, 
sepals and petals pubescence does not exist, size of sepals 
is short, number of whorls is two, fusion of petal is free, 
size of petal is intermediate, forms of inner petal is valvate, 
floral glands do not exist, indumentum on petals is 
glabrous, number of stamens is many, indumentum of 
peduncle flowers is glabrous, number petal, age of the 
plant and stem diameter. According to Chatrou et al. 
(2012), Artabotrys blumei included in tribes of Xylopiae 
(sub-family Annonoideae), Polyalthia lateriflora and 
Stelechocarpus burahol included in tribes of Miliuseae 
(sub-family Malmeoideae). But in this study, a grouping of 
both species showed differences. Additionally, a tribe of 
Annoneae in dendrogram was one group with tribes of 
Miliuseae. Chatrou et al. (2012) partially breaks into tribes 
of Annoneae, and joined by tribes of Uvariae who are 
grouping in sub-family of Annonoideae. This is because in 
this study using a combination of vegetative and generative 
character (i.e. flowers), so that possibility of this groups 
can be different. 

Tribes of Uvariae are divided into three groups: a group 
of Anomianthus dulcis-Fissistigma latifolium-Oxymitra sp., 
a group of Uvaria schizocalyx-Uvaria concava-Uvaria rufa 
and a group of Mitrephora sp.-Artabotrys uncinatus-

Uvaria purpurea. The third groups are grouping based on 
similarity of habit of lianas (woody climbers), development 
of the main stem is sympodial, location of branches on the 
main stem is constantly, direction of stem growth is 
climbing (scandens), direction of branch growth is 
ortotrophic, smell of bark is fragrant, composition of leaves 
is compound, leaf arrangement is alternate, leaf margin is 
entire, fusion of sepals and petals is free, texture sepals are 
not fleshy, thickness of sepals is thin, size of sepals is 
short, number of whorls is two, no floral glands, no glands, 
number of petals, High Plant Non Branch (or TTBC), stem 
diameter and amount of secondary vein leaves. According 
to van Heusden (1992) and Zhou et al. (2010), most of the 
genus of Uvaria have morphological characters stellate 
hairs, valvate aestivation of petal and basally connate. 
Genus of Uvaria has close relations with several other 
genera such as Anomianthus, Cyathostemma, Ellipeia, 
Ellipeiopsis and Rauwenhoffia in morphologically and 
genetically. This is consistent with results of Annonaceae 
species grouping are tested and predicted have a proximity 
kinship. 

Tribes of Annoneae and Uvariae are included in sub-
family of Annonoideae because it grouped by similarity 
character of habit (tree or liana), leaf arrangement is spiral 
or distichous phyllotaxis, genital of flowers sometimes 
(andro) dioecious and rarely (andro) monoecious, shape of 
apical connective prolongation is peltate-truncate, peltate-
apiculate, rarely tongue-shaped or not, staminodes of inside 
part is rarely, indumentum is simple hairs (rarely stellate 
hairs) for Annoneae and stellate hairs for Uvariae, location 
of flowers is terminal or axillary, pollen is inaperture and 
sometimes sulculate (Chatrou et al. 2012). 

Group has the closest distance (0,02) is Orophea 
enneandra 1 and 2, so that both of species have a high 
similarity and different (autapomorphy) in character of 
crown shape, leaf shape and amount of secondary vein 
leaves. The distance between sub-family Malmeoideae and 
Annonoideae is 0,37; so that similarity between this sub-
family is small and has the same character on smell bark is 
fragrant, the composition of leaves are compound, leaf 
arrangement is an alternate, a number of whorls are two, 
stem diameter and a number of petals. 

Apomorph character is a key character or distinctive 
characters which only have in in-group and can be 
inherited by his out-group. In this study, the character of 
outgroup are derived inside pepagan which was light 
brown, floral glands, the color of young leaves is red and 
color of the outer petal is yellowish. Their characters are 
derived fro outgroup has evolved especially on Orophea 
enneandra species, because has the closest distance. 

Based on flowers morphological characters, a grouping 
of sub-family from Malmeoideae and Annonoideae are 
distinguished by the fusion of the petal character. Sub-
family of Malmeoideae has connate inner petal (merged), 
while sub-family of Annonoideae has free inner petal 
(separately), as shown in Figure 3. The other characters 
that distinguish for both of sub-family are a habit, sub-
family of Malmeoideae has tree habit and sub-family of 
Annonoideae mostly has a habit of woody climbers (lianas) 
and some of the trees (Figure 4). It can be used as an early 
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identifier to distinguish of both subfamilies, beside of the 
other vegetative and generative character. 

Several species of material plant samples are used in 
this study have not been identified to species level; there 
are specimen 1, specimen 2, specimen 3, specimen 4 and 
specimen 5. However, species is same predicted with 
specimen 3 because it has the same physically in 
morphology and is in one group, namely Artabotrys 
uncinatus. Artabotrys uncinatus has a different character 
than the actual morphology description. Tan and Wiart 
(2014) said that description of Artabotrys morphology is a 
woody climber, leaves are single, alternate, coriaceous, 
orthotropic shoots, hooked is presence, white or yellow 
flowers, fragrant, sepals valvate and free, petals valvate 
and free that composed on two whorls, monocarps fruit, 
cylindrical and elliptical. This description is different with 
the real morphology character. This species is predicted to 
the species of Uvaria micrantha, based on morphological 
characters of globose flower buds, with petal size was 
small and free. This species distantly related to the genus of 
Uvaria because it has almost same morphological 
characters are stellate hairs, valvate sepals, all of petals 
part is imbricate on two whorls and pollen is inaperture 
monads (Utteridge, 2000; Zhou et al. 2009). Specimen 2 is 
predicted to have close relations with Miliusa macropoda, 
specimen 5 is predicted to have close relations with 
Saccopetalum horsfieldii, specimen 1 is predicted to have 
close relations with Annona muricata and specimen 4 is 
predicted to have close relations with Fissistigma latifolium 
because these species are in one group (Figure 5). 
Determination of material plant samples that have not been 
identified still requires further research, in order to more 
clearly identify so that the taxonomical position can be 
known. Besides of confirmation with morphological 
character, the taxonomical position of this species can be 
known based on confirmation from molecular marker to 
accurately species identity.  
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Abstract. Krisanti AA, Choirunnafi’ A, Septiana NO, Pratama FW, Amelia F, Manjaswari A, Septiningtyas PA, Wati AS, Satria JY, Ani 

IL, Wibowo T, Sugiyarto. 2017. The diversity of diurnal bird species on western slope of Mount Lawu, Java, Indonesia. Biodiversitas 

18: 1077-1083. Mount Lawu is one of the highest inactive volcanoes in Java Island, Indonesia. Mount Lawu attracts people to cultivate 

its area for agriculture, but without proper management, the biodiversity in Mount Lawu is in threat. This research aimed to get 

information about diurnal bird diversity on the western slope of Mount Lawu which includes a forest area (FA), an agroforestry area 

(AA), and a residential area (RA). Data collection was performed through point count method in 5 to 6 point per sites within certain time 

intervals after dawn and before sunset. There were 61 bird species from 26 families with a total number of 1416 birds being observed. 

The diversity index of the western slope was 2.480, and the highest Hmax among observed areas was the forest area (3.714). Collocalia 

linchi (Di 37.92) and Pycnonotus aurigaster (Di 19.42) were very common almost in all observation areas. The most similar ecosystem 

was FA and AA (J 0.176), followed by AA and RA (J 0.24), and FA and RA (J 0.393). A better management of Mount Lawu is 

necessary to improve human and biodiversity wellness. The result of this study could be used as additional data to consider a stronger 

protection for the biodiversity in Mount Lawu.  
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INTRODUCTION 

Birds are bioindicator for the environment because of 

their strong sensitivity to ecosystem changes. As 

bioindicator, birds presence could explain to what extent 

human activities have changed the habitat quality and how 

it affects biodiversity. In addition, birds have social, 

economic, and cultural functions such as for food, pet, and, 

source of folk songs and tales (Teixeira et al. 2014; 

Dandeniya et al. 2015; Iskandar and Iskandar 2015; 

Partasasmita et al. 2016), as shown in countries that hold 

dear their traditions such as Indonesia. 

Indonesia as the top four countries with mega bird 

diversity has at least 1598 bird species constituting 17% of 

the total bird species in the world, and among that number, 

over 372 species are endemic to Indonesia (Sukmantoro et 

al. 2007). For centuries, birds have been the source of 

inspiration and happiness to Indonesian people because of 

its chirps and unique features. Bird is an environmental 

health indicator and holds many other diversity values 

(MacKinnon et al. 2010). Bird plays interrelationship role 

that depends on the environment, such as balancing the 

ecosystem through their feeding habits (Sekercioglu 2006), 

helping plant pollination (Sodhi et al. 2011)and seeds 

dispersion (Wenny et al. 2011). Moreover, a bird which 

could be found in almost all types of habitat has 

contributed to the richness of animal diversity in Indonesia. 

The presence of a certain species in a certain habitat is 

determined by how much the species prefers and depends 

on that particular habitat (Wisnu et al. 2014). 

Mount Lawu (± 3265 meters above the sea level) is the 

third highest volcanic mount in Java Island and has been 

inactive since its last eruption in 1885 (Setyawan 2001). 

Mount Lawn which is located in Central Java province 

props up a unique ecosystem with fertile landscape. Mount 

Lawu's beautiful scenery, cool air, water abundance, and 

productive soil are attracting human population to settle 

down and develop infrastructures. However human 

activities around Mount Lawu unintentionally lead to the 

destruction of the natural ecosystem (Whitten and 

Soeriatmadja 1996). One solution to deal with the 

ecosystem destruction and diversity crisis is to expand the 

conservation area. However, wide terrestrial area for 

conservation purpose in Central Java province is obstructed 

by the limitation to create an arbitrary area in the 

conservation area network (Nijman and Sozer 1995). 

The topography of Mount Lawu is exceptional in such a 

way that it can condense the wet South-East wind into 

rainfall. This condition made the southern side of Mount 

Lawu relatively fertile and grown with dense vegetation, 

even in the dry season. Mount Lawu is also a transition 

area of the dry area of East Java and the humid area of 
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West Java. Mount Lawn area has many flora and fauna 

species which could be found in East Java but not in West 

Java (Setyawan 2001). The western slope of Mount Lawu 

has typically three different habitats, which are the forest, 

the agroforestry area, and the residential area. This side of 

the mountain belongs to Karanganyar Regency that has at 

least 7.635 ha of forest area which consists of production 

forest (126 ha), protected forest (7.509 ha), and 

conservation forest (293 ha). 

The agroforestry areas on the western side of Mount 

Lawu were planted by monoculture vegetations such as 

pines (Pinus sp.), rubber (Hevea sp.), tea (Camellia sp.), 

and vegetables. The total area of tea agroforestry on the 

western slope of Mount Lawu is approximately 1.051 ha. 

Varied vegetation type composing Mount Lawu biome 

causes a diversity in bird species. Vegetation in Mount 

Lawu is relatively stable because of the absence of volcanic 

activity for a long period, and there are still many sites in 

the area that have natural ecosystems. (Setyawan 2001). It 

will come as no surprise to document new records of f ora 

and fauna species in the future exploration. Mount Lawu 

still has an opportunity to become a whole conservation 

area. Periodical recordings are needed to renew our 

knowledge about the individual ecosystem. This research 

was done with the main objective to get information about 

diurnal bird diversity on the western slope of Mount Lawu 

which includes forest, residential, and agroforestry areas.  

MATERIALS AND METHODS 

The observation area was the western slope of Mount 

Lawu, Ngargoyoso sub-district, and its surrounding, 

Karanganyar Regency of Central Java, Indonesia. The 

western slope was composed of several types of habitat. 

We used three habitats as three representative terminals, 

i.e, the forest area (FA), the agroforest area (AA), and the 

residential area (RA). For the forest area, we observed two 

different forests namely Segorogunung Forest and 

Parangijo Forest. For the agroforest area, we observed three 

agroforestry systems, namely Kemuning tea agroforest, 

Kemuning rubber trees agroforest, and Ngargoyoso pine 

trees agroforest. For the residential area, we observed three 

villages, i.e., Segorogunung Village, Berjo Village, and 

Anggrasmanis Village (Figure 1). These sites lie on the 

western slope of Mount Lawu and have different elevations 

above the sea level (Table 1). We tried to uncover the 

richness of bird species on the western slope of Mount 

Lawu by observing each dominant above mentioned.  

Bird surveys were conducted in June to August 20015 

during the dry season. We used point count technique to 

carry out field surveys based on the sightings of birds 

during the first four hours after dawn (6.00-10.00 a.m.), 

and two hours before sunset (3.00-5.00 p.m.). We used 

three terminals with approximately 200m long tracks on 

each site. Two observers were walking along the tracks 

then stopped for about 5 to 10 minutes to count and 

identify or describe the sighted birds. We repeated our 

observation in another day to ensure the presence of certain 

bird species in certain sites.  

We used binoculars (8x24 magnitude), tally sheets, 

camera, GPS instrument, smartphone, and other supporting 

tools for field survey. We collected data of bird which 

included species, the number of birds seen, bird’s activities, 

time, and supporting description for unidentified species. 

MacKinnon (2010) identification book was used as the 

guide in identifying the bird species. 

The collected data were analyzed using diversity index 

(H’=-ΣPi ln (Pi)), maximum diversity value (Hmax=
𝑙𝑜𝑔(𝑆)), and evenness (J=H’/Hmax) (Odum 1971). Pi is the 

proportion of species in a sample (habitat) of S species. S is 

the number of species present in the sample area (habitat) 

(Whittaker 1975). Also, the abundance index of species 

was calculated using formulaDi = (ni / N)100, in which ni 

represents the total number of species i and N indicate the 

total number of species found. 

RESULTS AND DISCUSSION 

Of a total of 1.416 individual observed, there were 61 

bird species found and classified into 26 families. The total 

number of species on each terminal (FA, AA, and RA) 

was46, 35 and 22 species, respectively. Species found at all 

terminals werePycnonotus aurigaster (Sooty-headed 

Bulbul),Gallus varius (Green Junglefowl), Collocalia 

linchi (Cave-Swiftlet), Todirhamphus chloris (Collared 

Kingfisher), Streptopelia chinensis (Spotted-Dove), 

Cacomantis merulinus (Plaintive Cuckoo), Spilornis cheela 

(Crested-serpent Eagle), Halcyon cyanoventris (Javan 

Kingfisher), Pericrocotus cinnamomeus (Small Minivet), 

Lanius schach (Long-tailed Shrike), Megalaima 

haemacephala (Coppersmith Barbet), Cacomantis 

sepulcralis (Rusty-breasted Cuckoo), and Lonchura 

leucogastroides (Javan Munia). Of all26 bird families, 

Sylviidae had more species than others, i.e., Cettia 

vulcania, Megalurus palustris, Prinia familiaris, Prinia 

inornata, Orthotomus ruficeps, Orthotomus sutorius, and 

Phylloscopus borealis (Figure 2).  

 
 

Table 1. Geographical coordinates of the observation areas 

(forest, residential, and agroforestry)  

 

Stations 
Geographical 

position 

Altitude 

(m asl) 

F
A

 Segorogunung 

Parangijo 

 

S 7°37’07.4” 

E 111°8’54.2” 

1520 

R
A

 

Segorogunung Village S 7°37’49.9” 

E 111°7’33.0” 

2472 

Berjo Village 

Anggrasmanis Village 

 

A
A

 KemuningTea S 7°35’43.0” 

E 111°8’2.00” 

2475 

Kemuning Rubber  

Ngargoyoso Pine 

 



KRISANTI et al. – Diurnal bird of Mount Lawu, Java, Indonesia 

 

1079 

 
 

Figure 1. Survey locations on the western slope of Mount Lawu and its surroundings, Central Java, Indonesia 

 

 

 

 

Shannon-Weiner diversity index of the western slope of 

Mount Lawu was 2.480. Diversity index of FA was 3.031 

which was the highest compared to those of AA (2.329) 

and RA (1.308) (Figure 3). The maximum diversity (Hmax) 

of the FA, AA, and RA was 3.714, 3.638, and 3,091, 

respectively (Figure 3). We assumed that the highest bird 

species diversity in the western slope of Mount Lawu was 

found in the forest area, although it is located 

approximately 1000m higher than the agroforestry area, 

and approximately 1500m higher than the lowest 

residential area. It is likely that the elevation factor had 

little influence on the species diversity. Thus, other factors 

that caused the richness of species in the forest area needs 

to be evaluated. These notions are supported by a bird 

distribution study in Java island by van Balen (1999) which 

showed that there was abnormal appearance pattern on bird 

dispersion at different elevations. The study showed that 

the number of bird species was decreasing at hills zone 

(300-1500 m asl) and this condition was due to the negative 

effect of human activities on wildlife especially birds (van 

Balen 1999). From our point of view, our result showed 

that the forest is a proper habitat which is preferable by and 

suitable for many bird species.  

We tried to compare the similarities among our 

observation area to reveal the primary potential disturbance 

for the bird’s life. Figure 3 shows the value of similarity 

index (J) of each terminal. FA and AA showed a similarity 

index of 0.176, while AA and RA showed a similarity 

index of 0.24. The similarity index of FA and RA showed 

that both ecosystems were the least similar (0.393) 

ecosystem of all the comparisons.While other biotic-abiotic 

factors were out of our study plans, we consider looking at 

the anthropogenic activities as the most influential factor 

that affect birds existence. Residential areas had the highest 

human population with their various daily activities 

occurring from early morning until before midnight. 

Agroforest areas were less crowded by human activities, 

with the activities peaks from after the sunrise until before 

the sunset. Of all the areas observed, the forest had the least 

human activities. In the forest area, the local people 

conduct a limited set of activities such as animals hunting, 

seeds and fruits harvesting, charcoals making, and woods 

or grasses gathering. 
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Table 2. Bird species observed in each habitat type; Forest (FA), 

Residential (RA), and Agroforestry (AA) 

 

Family Species 
Survey location 

FA AA RA 

Accipitridae     
 Pernis ptilorhynchus ✓ ✓ 

 
 Spilornis cheela ✓ ✓ ✓ 
 Ictinaetus malayensis ✓ ✓ 

 
Phasianidae      
 Gallus varius ✓ ✓ ✓ 
Columbidae     
 Ptilinopus porphyreus ✓ ✓ 

 
 Macropygia unchall ✓ ✓ 

 
 Streptopelia bitorquata ✓ ✓ 

 
 Streptopelia chinensis ✓ ✓ ✓ 
Cuculidae     
 Cacomantis sonneratii ✓ ✓ 

 
 Cacomantis merulinus ✓ ✓ ✓ 
 Cacomantis sepulcralis ✓ ✓ ✓ 
 Centropus sinensis ✓   
Apodidae     
 Collocalia linchi ✓ ✓ ✓ 
 Collocalia vulcanorum  ✓ 

 
Hemiprocnidae    
 Hemiprocne longipennis ✓ ✓ 

 
Alcedinidae     
 Halcyon cyanoventris ✓ ✓ ✓ 
 Todirhamphus chloris ✓ ✓ ✓ 
Capitonidae     
 Megalaima armillaris  ✓ ✓ 

 
 Megalaima 

haemacephala 
✓ ✓ ✓ 

Picidae     
 Celeus brachyurus  ✓ 

 
 Dendrocopos 

moluccensis  
✓ ✓ 

 
 Dendrocopos macei  

 
✓ 

Campephagidae    
 Coracina javensis ✓   
 Pericrocotus 

cinnamomeus 
✓ ✓ ✓ 

 Pericrocotus miniatus ✓   
 Pericrocotus flammeus  

 
✓ 

Aegithinidae     
 Aegithina tiphia  

 
✓ 

Pycnonotidae    
 Pycnonotus aurigaster ✓ ✓ ✓ 
 Pycnonotus goiavier  ✓ ✓ 
 Iole virescens/ Ixos  ✓ ✓ 

 
Laniidae     
 Lanius cristatus  ✓ 

 
 Lanius schach ✓ ✓ ✓ 
Turdidae     
 Brachypteryx leucophrys ✓ ✓ 

 
 Enicurus velatus  ✓ 

 
 Myophonus glaucinus ✓   
 Turdus poliocephalus ✓   
 Zoothera citrina ✓   
 Zoothera dauma ✓   
Timaliidae     
 Pnoepyga pusilla  ✓ 

 
Sylviidae     
 Cettia vulcania ✓   
 Megalurus palustris  ✓ ✓ 
 Prinia familiaris ✓   
 Prinia inornata  ✓ ✓ 
 Orthotomus ruficeps ✓   
 Orthotomus sutorius ✓   
 Phylloscopus borealis ✓   

Muscicapidae    
 Ficedula hyperythra ✓   
 Ficedula westermanni ✓ ✓ 

 
 Culicicapa ceylonensis ✓   
Rhipiduridae    
 Rhipidura phoenicura ✓   
Paridae     
 Parus major ✓   
Dicaeidae     
 Dicaeum 

sanguinolentum 
✓   

 Dicaeum trochileum  
 

✓ 
Nectariniidae    
 Cinnyris/ Nectarinia 

jugularis 
 

 
✓ 

Zosteropidae    
 Zosterops palpebrosus  

 
✓

 Zosterops montanus ✓  

Estrildidae     
 Lonchura 

leucogastroides 
✓ ✓ ✓ 

Dicruridae     
 Dicrurus macrocercus ✓   
 Dicrurus leucophaeus ✓ ✓ 

 
Artamidae     
 Artamus leucorynchus  ✓ ✓ 

 
Corvidae     
 Corvus macrorhynchos  ✓ 

 
     

 

 

 

To determine species that dominated a particular area of 

the three terminals (FA, AA, and RA), we evaluated the 

abundant index of each of the bird species. Species 

dominating the three terminals (FA, AA, and RA) are 

Collocalia linchi (Di 37.92) and Pycnonotus aurigaster (Di 

19.42). Those species are very common and easy to spot 

almost in every place we visited since their needs such as 

seeds for food and trees for building nest, are abundantly 

available.P. aurigasterandP. cinnamomeus were the 

dominant species in the forest areas. Species with low 

abundance (Di=0.3846) in the forest area were Streptopelia 

bitorquata, Iole virescens, Parus major, Orthotomus 

sutorius, Dicrurus macrocercus, Myophonus glaucinus, 

Prinia familiaris, and Zoothera dauma. C. linchi and P. 

aurigaster were the most abundant species in agroforest 

area, while Streptopelia bitorquata, Cacomantis merulinus, 

Celeus brachyurus, Halcyon cyanoventris, Pycnonotus 

goiavier, Corvus macrorhynchos, Pernis ptilorhynchus, 

Ptilinopus porphyreus, Prinia inornata, and Lanius 

cristatus were present with relatively low abundance 

(Di=0,1773). C. linchi and P. aurigaster also dominant in 

the residential area, whileGallus varius, Streptopelia 

chinensis, Cacomantis merulinus, Spilornis cheela, 

Halcyon cyanoventris, Megalaima haemacephala, 

Cacomantis sepulcralis, and Prinia inornata were present 

with a very low abundance (Di=0,2045). 

All the bird species we found were at least concern 

(LC) status according to IUCN’s Red List (IUCN 2015). A 

few species are decreasing in population number both in 

the wild and at the breeding sites. Therefore, those species 

are protected under Indonesia's law concerning fauna and 

wildlife protection (Table 3). 
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Figure 2. Bird species frequency percentage from each family 

   

 

 

  

 

 
 

Figure 3. The Diversity Index (H’), Maximum Diversity Index 

(Hmax), and Evenness (J) of each area observed. 

 
Table 3. Conservation and Indonesian law status of several bird 

species found in Mount Lawu, Java, Indonesia  

 

Species 
IUCN 

Status* 

Population 

Trend 

Indonesia’s 

Law** 

Ictinaetus malayensis LC Decreasing A,B 

Spilornis cheela LC Stable A,B 

Pernis ptilorhynchus LC Stable A,B 

Rhipidura phoenicura LC Stable A,B 

Nectarinia jugularis LC Stable A,B 

Todiramphus chloris LC Stable A,B 

Halcyon cyanoventris LC Stable A,B 

Note: *IUCN 2015; **Indonesia Laws: A. ActNo. 5 made in 

1990; B. Government RegulationNo. 7 made in 1999. 

 

 

 

From the observation carried out diurnally (at FA, AA, 

and RA)on the western slope of Mount Lawu, we found a 

very different result in the number of species from each 

terminal. There were 46 bird species found in FA, 35 

species in AA, and 22 species in RA. The total birds 

sighted individually were 1.416. Birds that could only be 

heard through its chirping but could not be seen nor be 

identified directly were excluded to avoid further 

misunderstanding.  

In the forest areas (Parangijo and Segorogunung 

forests), 46 bird species were found. These areas had the 

highest diversity index (H’ 3.031) among the other two 

areas (AA and RA). The Hmax (3.714) and J (0.816) values 

of the forest area were also the highest. The higher the 

diversity index of an ecosystem, the more stable that 

ecosystem; and vice versa, the lower the index, the less 

stable the ecosystem, i.e. the ecosystem is under a stressful 

condition (Kachare et al. 2011). This result suggests that 

the forest is a vital habitat that provides abundant food, 

water, and shelters for birds to sustain their life. The 

absence of forest might lead to the extinction of birds and 

other species. Moreover, the distribution rate of bird is an 

important indicator to assess biodiversity sustainability in a 

particular area (Trainor et al. 2000). June was the early 

period of the dry season, and in the mid-August, the forest 

condition undergoes a phase of drought, although it was not 

a complete drought. This condition affected the sighting 

frequency of some water-dependent species, such as 

Enicurus leschenaulti (White-crowned Forktail) which is 

easier to be sighted in waterfalls or streams during the wet 

season. 

The second-most proper habitat for birds is agroforest 

area (Ayat 2011). The villager’s capability in farming has 

given a chance for the forest organizer to allocate a portion 

of forest area for agroforestry land. The agroforestry land 

on the western slope of Mount Lawu are grown with pine 

trees, tea trees, rubber trees and vegetable fields. This study 

indicates that the value of Hmax and J are 3.638 and 0.64, 

respectively. It has been noted that agroforest areas like 

rubber or coffee plantations often have high bird diversity. 

Agroforest area has quite abundant resources second after 

the primary and secondary forests. Although an agroforest 

area has more open canopies than a forest, it is still a 

suitable habitat for birds (Ayat 2011). An important point 

0.049

0.016
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0.033

0.016

0.066

0.033
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0.016

0.066
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Corvidae

Cuculidae
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Dicruridae
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Hemiprocnidae

Laniidae
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Paridae

Picidae
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3.091

0.816
0.64

0.423
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to consider concerning its roles in maintaining the 

ecosystem balance is that whether the species composition 

found on each terrain is reasonable. 

Residential areas (Segorogunung, Berjo, and 

Anggrasmanis villages) had the lowest number of Hmax 

(3.091) and J (0.423). The most likely reason might be due 

to many anthropogenic activities in this habitats. The main 

subsistence of the villagers is from vegetable and fruit 

farming, the skill they mastered naturally from the 

childhood.The cultivated plants in the villager’s gardens 

and backyards attracted birds. However, often time those 

birds died because of pesticide poisoning, habitat loss, or 

being shot by slingshot or airgun (MacKinnon et al. 2010). 

In ancient time, villagers might be right by trying to save 

their plants through killing the “pest” birds. As the bird 

populations are decreasing day by day, people started to be 

aware of birds important roles, for example as bio-

pollinator for plants, and as natural pest predators such as 

Prinias, Munias, and some raptors. Anthropogenic 

activities like clothes washing, the use of motorized 

vehicles, livestock, bathing, and waste dumping have 

contributed to the increase in environmental pollution. 

Human encroachment is ever increasing and gives adverse 

effect to the bird population (Kachare et al. 2011).  

The considerable number of trees in the fallow land and 

the boundary of agricultural land accommodate a large 

number of bird population. Thus, planting trees in 

agricultural lands can increase bird population (Mariappan 

et al. 2013). Vegetation structure of a habitat is important 

and determines how many species could live in it. 

Vegetative cover an important component of a habitat, 

along with the surrounding landscape and management 

history might influence the composition of the breeding 

bird species (Wolf et al. 2012). Some shrubs, like tea 

plants, are necessary, but without a proper management 

control, there is potential for encroachment. Vegetation 

planted in this area give the birds places to gain foods, 

build nest, and shelter. The high diversity of birds is due to 

the more diverse plant species, providing more choices for 

the food preference, nesting and breeding place for birds. 

For example, tea agroforest arranged by shrubs, some 

clusters, and near the stream, is a highly comfortable area 

for birds, but only if there are not many human activities 

(Mariappan et al. 2013) 

The number of undetectable bird species is decreasing. 

The difference in detectability of each species itself is due 

to the habitat and topographic feature and population 

densities which are influenced by many factors. An area 

with high densities may abridge the detectability because 

individual birds could invest more time in territory defense, 

such as by singing more frequently (Newson et al. 2008). 

The most common species found in almost all the sites, 

with higher Di (19.42), was P. aurigaster. This species 

could associate closely to human and live in the group that 

surrounds buildings, and feed on small crops which are 

grown on many fields (MacKinnon et al. 2010).A species 

that exhibit the highest Di (37.92) was C. linchi. This 

species morphologically resemble C. fuciphaga with a 

smaller body length (9.5cm) and a white colored belly. 

This species builds their nest inside big trees with a large 

canopy, it lives close to human and is endemic to Sunda 

land. 

All species found are listed as least concern in 

theIUCN’s Red List (IUCN 2015), in which some of them 

are protected by the Indonesian law. One of the species 

which under the protection ofIndonesiaActNo. 5 made in 

1990 is Ictinaetus malayensis, a commonly found raptor in 

Mount Lawu. It has a large territorial and spreading area, 

but the population is decreasing because of habitat 

destruction and illegal trading. In addition, Government 

Regulation of The Republic of Indonesia No. 7, Year 1999 

also protects many species included in the family 

Accipitridae, such as Ictinaetus malayensis, Spilornis 

cheela, and Pernis ptilorhynchus and family Nectariniidae 

such as Nectarinia jugularis. 

Forest areas with no protection are significantly 

degraded, thus, the future conversion of such areas should 

be halted (Barve and Warrier 2013). Visiting the forest for 

the purpose of climbing and recreation should be carefully 

considered. Visitation of many protected areas for the 

express purpose of engaging with wildlife could be a 

potential disturbance for certain species (Steven et al. 

2011). If the number of visitors increases while the number 

of birds is decreasing, there will be an increase in the 

minimum distance between the birds and visitors (Collins-

Kreiner et al. 2013).It is imperative that the Indonesian 

government pays more attention to their mega biodiversity 

land and takes true actions against illegal logging, wildlife 

persecution, and habitat fragmentation, as well as upholds a 

stricter law that guarantee the well-being of the wildlife. 

In conclusion, the western slope of Mount Lawu still 

has a diverse species of diurnal birds. This study 

identified61 species from the total of 1.416 individual birds 

observed. These numbers exclude the unseen unidentified 

chirping birds. For a future study, a comprehensive 

identification of birds, including the nocturnal birds, will 

give a more accurate picture of the bird diversity. To 

prevent bird diversity crisis caused by careless 

anthropogenic activities in the future, we suggest that 

Mount Lawu conservation area should be extended and a 

better management and regulation control effort from the 

stakeholders should be implemented. More research and 

periodical recordings will help to stay alerted if ecosystem 

changing or succession are occurring in the future.  
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Abstract. Nurfadilah S. 2017. Population study of Peristylus goodyeroides (Orchidaceae) in five habitats and implication for its 
conservation. Biodiversitas 18: 1084-1091. Many orchids have experienced population decline because of natural and anthropogenic 
disturbances and the remaining populations occur in fragmented habitats. The present study aimed to investigate (i) population of a 
terrestrial orchid, Peristylus goodyeroides (D. Don) Lindl., in terms of its demography, population size, and plant size, and (ii) 
characteristics of vegetation surrounding P. goodyeroides and its effect on the population size of P. goodyeroides (iii) environmental 
factors (litter thickness and soil pH) and their effects on the plant size of P. goodyeroides in five habitats. Number of individuals, plant 
height and leaf area of P. goodyeroides, surrounding vegetation, litter thickness, and soil pH were recorded in each habitat. The results 
showed that there was variation in the demographic structure of the population of P. goodyeroides in five habitats. Furthermore, three 
habitats of P. goodyeroides had small population size and small plant size compared to the other two habitats that had relatively larger 
population size and plant size. Small population size was correlated with taller vegetation surrounding P. goodyeroides reducing light 
availability for P. goodyeroides, while small plant size was related to sparse and thin litter cover causing low soil moisture and lacking 
nutrient availability for P. goodyeroides. Soil pH between habitats was similar and did not affect P. Goodyeroides plant size. The 
present study has implication on the conservation of P. goodyeroides for the improvement of population performance for the increase in 
population size and plant size for the species survival.  

Keywords: Conservation, habitat, population, plant size, Peristylus goodyeroides 

INTRODUCTION 

Orchidaceae is one of the biggest plant families 
containing approximately 25,000 species occurring in a 
wide range of natural habitats, such as mountainous areas, 
grasslands, forests, and rocks (Dressler 1993; Arditti 1991). 
Orchids are known to be vulnerable to habitat alteration 
impacted by natural and anthropogenic disturbances 
leading to the disappearing of orchids in disturbed habitats 
(Swarts and Dixon 2009; Rewicz et al. 2015; Tamn 1972). 
Deforestation and conversion of orchid habitats into 
housings, buildings, main roads, industries, and agricultural 
landscapes causing deterioration and loss of orchid habitats 
have impacted on the orchid population (Carey 1999; 
Drayton and Primack 1996; IUCN 1996; Taylor and 
Roberts 2011). Many orchids have been reported to 
experience sharp decline of population and change of 
patterns of orchid distribution because of the land use 
change and habitat fragmentation, with the remaining 
population is isolated and occur in ecologically marginal 
habitats (Wotavova et al. 2004; Jacquemyn et al. 2005;Kull 
and Hutchings 2006; Silvertown et al. 1994; Romero-
Calcerrada and Perry 2004). Their future survival and 
persistence rely on the strategy of management of orchid 
conservation (Carey 1999; Sletvold et al. 2010; Wotavova 
et al. 2004; Janeckova et al. 2006).  

Understanding of orchid population in terms of the 
demographic structure and population performance is 
required in the management of orchid conservation. 

Demographic information showing the population 
dynamics, whether the populations are declining, 
increasing, or stable is important in the species recovery 
and conservation (Schemske et al. 1994). Demographic 
structure of a population can be classified into four life 
history stages based on age and life stage (seedlings, 
juveniles, vegetative adults, and flowering adults) 
(Jacquemyn et al. 2003). The life history stages that have 
the greatest effects on the population growth and species 
persistence need to be considered (Schemske et al. 1994). 
In the establishment and development of orchid population, 
flowering individuals with their ability to produce seeds is 
vital for seedling recruitments to increase population size 
for the future orchid persistence (Willems 1982). Willems 
(1982) reported the development of population of Orchis 
simia from only one individual of a flowering plant 
producing seeds important for seedling recruitments and 
the establishment of the population. 

Furthermore, assessment of the performance of orchid 
population based on the population size (extinct, small, 
medium, large, very large) is important in the management 
of orchid conservation (Light and MacConaill 2005; 
Mehrhoff 1989; Wotavova et al. 2004), with extinct and 
small population size correlated with minimum viable 
population are the priority and need high attention in the 
conservation for the future survival of orchids (IUCN 1996; 
Ackerman 1998). Moreover, the performance of orchid 
population can also be based on the plant size as plant size 
can influence survival and is one of determinant factors of 



NURFADILAH - Population study of Peristylus goodyeroides 

 

1085

the ability of plants to flower for reproduction, thus, 
affected population size (Calvo 1990; Gregg and Kery 
2006; Jacquemyn et al. 2010; Mehrhoff 1989; Tremblay 
2006; Wesselingh et al. 1997; Willems 1982).  

Peristylus goodyeroides, a terrestrial orchid was 
reported formerly a very common plant in grassland, teak 
forests, from near sea level to 1,750 m asl (Comber 1990). 
However, increased human population, rapid development 
of housings, buildings, roads, expansion of agricultural 
areas has impacts on orchid habitats causing loss and 
deterioration of many habitats of orchids and on the orchid 
population decline, including Peristylus goodyeroides.  

The present study investigated the occurrence of the 
population of Peristylus goodyeroides in fragmented 
habitats within agricultural landscapes in Purwodadi 
District, Pasuruan Regency, East Java, in five extant 
habitats (bamboo forest, cananga woodland, Capang woodland, 
Gajah Rejo woodland, and Pucang Sari woodland). The 
aim of the present study was to investigate (i) population of 
P. goodyeroides in terms of its demography, population 
size and plant size in five habitats (ii) characteristics of 
vegetation surrounding P. goodyeroides and its effect on 
the population size of P. goodyeroides (iii) environmental 
factors (litter thickness and soil pH) and their effects on the 
plant size of P. goodyeroides in five habitats. 

The present study supports for the conservation of 
orchids, many of which have suffered from habitat 
pressure, loss, and deterioration, as well as population 
decline. An understanding performance of the population 
of orchids in the extant habitats is important in the 
management of orchid conservation to formulate 
conservation for the improvement of population 
performance of orchids for their future and long-term 
survival. 

 

 
 
Figure 1. A. Flowering plant of Peristylus goodyeroides, B. 
Flowers of Peristylus goodyeroides 

MATERIALS AND METHODS 

Study area  
Peristylus goodyeroides, a terrestrial orchid in the 

present study occurred in five habitats within agricultural 
landscapes in Purwodadi District, Pasuruan Regency, East 
Java, Indonesia. The five habitats were bamboo forest, 
cananga woodland, Capang woodland, Gajah Rejo 
woodland, and Pucang Sari woodland. The size of the five 
habitats varied. The size of the bamboo forest, cananga 
woodland, Capang woodland; Gajah Rejo woodland, and 
Pucang Sari woodland were approximately 30 m x 40 m; 
40 m x 50 m; 100 m x 150 m; 75 m x 75 m; 80 m x 100 m, 
respectively. The distance between populations ranged 
from 70 m to 2 km (Figure 2). 

The dominant vegetation in the bamboo forest were 
Bambusa blumeana, Ceiba pentandra, and Swietenia 
macrophylla, while cananga woodland was dominated by 
Cananga odorata and Gigantochloa apus. The dominant 
vegetation in Capang woodland were Albizia procera, B. 
blumeana, C. pentandra, Syzygium javanicum, and S. 
picnanthum. Gajah Rejo woodland were dominated by 
Bambusa vulgaris, C. odorata, C. pentandra, 
Dendrocalamus asper, Gigantochloa atter, S. macrophylla, 
Syzygium pycnanthum, and Tamarindus indica, while the 
dominant vegetation in Pucang Sari woodland were Albizia 
lebbeck, C. pentandra, D. asper, G. apus, G. atter, and S. 
macrophylla.  

Procedures 
The present study investigated the population of P. 

goodyeroides in terms of its demography, population size, 
and plant size, surrounding vegetation and environmental 
factors in five habitats of P. goodyeroides. Plots of 2 m x 2 
m were established at each site. The number of individuals 
of P. goodyeroides was counted, plant height, leaf number, 
leaf length and width of P. goodyeroides were also 
measured in each plot. Vegetation surrounding P. 
goodyeroides was characterized, the plant species was 
identified, and the number of individuals of each plant 
species in each plot was counted. Litter thickness and soil 
pH in each plot were also measured. 

Demography of population of Peristylus goodyeroides 
To investigate the demography of population of P. 

goodyeroides in five habitats, individuals of P. 
goodyeroides were classified based on the life history 
stages (age stages (seedlings, juveniles, and adults) and life 
stages (flowering and non-flowering (vegetative) (Kery and 
Gregg 2004). Therefore, there were four classifications in 
the demography of P. goodyeroides population (i) 
seedlings, (ii) juveniles, (iii) vegetative adults, and (iv) 
flowering adults. The classification of stages was based on 
the plant height of P. goodyeroides; seedlings ( < 15 cm); 
juveniles (15 cm-30 cm), vegetative adults (>30 cm 
without flowers), and flowering adults (>30 cm with 
flowers). 

  

A B 
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Figure 2. Map of area of five populations of P. goodyeroides in Purwodadi District, Pasuruan Regency, East Java, Indonesia 
 
 
 
Table 1. Key state of population size of Peristylus goodyeroides 
in Purwodadi District, Pasuruan Regency (modified from 
Wotavova et al. 2004)  
 

State of populations Number of individuals 
(flowering) 

Small population 1-10 
Medium population 10-100 
Large population 100-1000 
Very large population >1000 
 

Correlation between population size and characteristics of 
surrounding vegetation  

The population size of P. goodyeroides (measured as 
number of flowering individuals) was correlated to the 
characteristics of surrounding vegetation. To investigate 
the correlation between population size of P. goodyeroides 
and characteristics of surrounding vegetation in five 
habitats, CANOCO with direct redundancy analysis RDA 
was used. Direct gradient analysis is a method to find the 
directions of variability in vegetation community data, 
which correlate with the state of population size of P. 
goodyeroides for each habitat (Table 1) (Wotavova et al. 
2004). 

Correlation between plant size and environmental factors 
Parameters of plant size including plant height and leaf 

area of flowering adult individuals of P. goodyeroides in 

five habitats were analyzed using ANOVA with MINITAB 
14.0. Leaf area was estimated by calculating leaf length 
and width in an elliptic area (Cleavitt et al. 2017). Leaf area 
= π (1/2 x leaf length) x 1/2 x leaf width). Environmental 
factors (litter thickness and soil pH) in five habitats were 
also analyzed using ANOVA with MINITAB 14.0. The 
correlation between plant size and environmental factors 
(litter thickness and soil pH) was analyzed using 
Regression with MINITAB 14.0. 

RESULTS AND DISCUSSION 

The present study has shown the population of 
Peristylus goodyeroides regarding its demography, 
population size and plant size in the five habitats impacted 
by anthropogenic disturbances, within agricultural 
landscapes. Also, the study revealed comparable data of the 
demography, population size and plant size of P. 
goodyeroides across five habitats (bamboo forest, cananga 
woodland, Capang woodland, Gajah Rejo woodland, and 
Pucang Sari woodland) in Purwodadi District, Pasuruan 
Regency. The correlation between population size of P. 
goodyeroides and the characteristics of surrounding 
vegetation, and the correlation between plant size of P. 
goodyeroides and the environmental factors also have been 
shown in the present study.  

subdistrict border 
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Demography of population Peristylus goodyeroides  
There was variation in the population demographic 

structure of P. goodyeroides across five habitats. The 
population demographic structure in Capang woodland and 
Pucang Sari woodland consisted of seedlings, juveniles, 
and adults; bamboo forest consisted of seedlings and 
adults; while Gajah Rejo woodland and cananga woodland 
only consisted of adult individuals (Figure 3). The 
proportion of each stage across five habitats was also 
various. Bamboo forest had a proportion of seedlings larger 
than vegetative and flowering adults, cananga woodland 
only consisted of one flowering individual, Capang 
woodland had a proportion of seedlings larger than that of 
juveniles and flowering adults (Figure 3). Gajah Rejo 
woodland only consisted of adults with the proportion of 
flowering adults was higher than that of vegetative adults, 
while Pucang Sari woodland had a proportion of flowering 
adults larger than that of seedlings, juveniles, and 
vegetative adults. Other studies also demonstrated variation 
in the population demographic structure of other orchids, 
such as Liparis loeselii (Oostermeijer and Hartman 2014). 

Flowering adults are one of determinant factors in the 
development of population as they can produce fruits and 
seeds that are important for seedling recruitment (Willems 
1982). The larger proportion of flowering adults, the larger 
probability for the development of population and the 
increase of the population size.  

Correlation between population size and characteristics 
of surrounding vegetation 

The results of the present study also showed that 
population size of P. goodyeroides (measured as number of 
flowering individuals) varied among habitats. The 
population size of P. goodyeroides in the bamboo forest, 
cananga woodland, and Capang woodland could be 
categorized as a small population, while the population of 
Gajah Rejo woodland and Pucang Sari could be 
categorized as medium population (Table 1; Table 2). A 
number of flowering individuals in the bamboo forest, 
cananga woodland, Capang woodland, Gajah Rejo 
woodland, and Pucang Sari woodland were 1;1;3; 16; and 
37, respectively (Table 2).  

Other studies also demonstrated similar results on the 
variation of the population size of orchids occurring in 
different habitats. Spiranthes sinensis had various 
population size among habitats from the small to medium 
population size, with a number of reproductive individuals 
in the habitats ranged from 3 to 98 individuals (Sun 1996). 
Spiranthes hongkongensis also had variation in population 
size in different habitats with a number of reproductive 
individuals ranged from 1 to 79 individuals (Sun 1996).The 
size of the population of Dactylorhiza majalis also varied 
between habitats, from less than 10 to more than 100 
flowering individuals (Wotavova et al. 2004).  

Results of RDA analysis showed that bamboo forest, 
cananga woodland, and Capang woodland that had small 
population was correlated with taller vegetation 
(surrounding vegetation that are taller than the orchid, i.e., 
Boesenbergia rotunda and Curcuma purpurascens) (Table 
2; Figure 4), while Gajah Rejo woodland and Pucang Sari 

woodland that had medium population were correlated with 
short vegetation (Table 2; Figure 2). Taller vegetation 
limited access of P. goodyeroides for light resulting in the 
low number of individuals persisted in the habitats with 
taller vegetation surrounding the orchid. Short vegetation 
near P. goodyeroides provided a wide access for light 
which is essential for photosynthesis, growth, development, 
and survival, leading to the relatively higher number of 
individuals in the habitats of the orchid with short 
vegetation. Light is an important factor limiting growth and 
reproduction that affect population size of orchids 
(Jacquemyn et al. 2010; Whigham 2004).  

Other studies also showed similar results that 
population size of orchids was correlated with 
characteristics of surrounding vegetation cover. Wells 
(1967) reported that scarce and absent of Spiranthes 
spiralis was associated with taller vegetation surrounding 
the orchid. Surrounding vegetation has been widely 
reported to affect the abundance and population size of 
orchids in some ways (i) tall vegetation reduced light 
availability for the orchids (ii) fast-growing surrounding 
vegetation overgrew the orchids, such as grasses (Wells 
1967; Tamn 1972; Wotavova et al. 2004). Wells (1967) 
reported that when Bromus erectus (taller vegetation 
surrounding Spiranthes spiralis) dominated the habitats, 
the orchid was scarce and absent. Furthermore, Wotavova 
et al. (2004) also reported that a low number of 
Dactylorhiza majalis in the habitats was related to the 
characteristics of surrounding vegetation that was 
dominated by grass overgrowing the orchid.  

Orchids have been widely reported to occur in 
vegetation community composed of several herb species 
forming vegetation cover (Curtis 1943; Wells 1967; 
Janeckova et al. 2006; Wotavova et al. 2004). Vegetation 
cover is important to maintain moisture. However, 
characteristics of vegetation cover are known to determine 
the abundance of orchids. Orchids are present in low 
number or absence in (i) tall vegetation community (Wells 
1967; Jersakova et al. 2002) or (ii) grasses that usually 
inhibited orchids (Wotavova et al. 2004; Coates et al. 
2006). 

 
 

 
 
Figure 3. Demographic structure of population of Peristylus 
goodyeroides across five habitats 
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Figure 4. Results of RDA of five habitats of Peristylus goodyeroides. Legend: Bamboo forest, cananga woodland, and Capang 
woodland had a low number of individuals of Peristylus goodyeroides (1-3 individuals), Gajah Rejo woodland had a medium number of 
individuals (16 individuals), Pucang Sari woodland had the largest number of individuals (37 individuals). Abpre (Abrus precatorius), 
Adela (Adenostemma lavenia), Aga (Agave sp.), Agercon (Ageratum conyzoides), Amorva (Amorphophallus variabilis), Axoncom 
(Axonopus compressus), Boesro (Boesenbergia rotunda), Biosen (Biophytum sensitivum), Cabi (Caladium bicolor), Centropub 
(Centrosema pubescens), Cole (Coleus sp.), Cosspir (Costus spiralis), Curlo (Curcuma longa), Curpu (Curcuma purpurascens), Cypero 
(Cyperus rotundus), Chromodor (Chromolaena odorata), Destri (Desmodium triflorum), Dioshis (Dioscorea hispida), Diospen 
(Dioscorea pentaphylla), Emilson (Emilia sonchifolia), Elescab (Elephantopus scaber), Globmar (Globba marantina), Gom 
(Gomphostemma sp.), Hyppol (Hypoestes polythyrsa), Impa (Impatiens sp.), Maranar (Maranta arundinacea), Mimpu (Mimosa pudica), 
Murdannud (Murdannia nudiflora), Oplisbur (Oplismenus burmanni), Opl (Oplismenus sp.), Oxbar (Oxalis barrelieri), Pepepel 
(Peperomia pellucida), Sperne (Spermacoce neohispida), Stamu (Stachytarpheta mutabilis), Synnod (Synedrella nodiflora), Syn 
(Synedrella sp.), Thunlau (Thunbergia laurifolia), Urelob (Urena lobata), Zingzer (Zingiber zerumbet) 
 
 
 
 
Table 2. Number of flowering individuals and key state of 
population size of Peristylus goodyeroides in five extant habitats  
 

Habitats of Peristylus 
goodyeroides 

Number of 
flowering 

individuals 

State of population 
size 

   
Bamboo forest 3 Small population 
Cananga woodland 1 Small population 
Capang woodland 1 Small population 
Gajah Rejo woodland 16 Medium population 
Pucang Sari woodland 
 

37 Medium population 

Correlation between plant size of Peristylus 
goodyeroides and environmental factors 

The results showed that plant size of P. goodyeroides 
(plant height and leaf area) varied and was significantly 
different between habitats. Mean plant height of P. 
goodyeroides in the bamboo forest, cananga woodland, and 
Capang woodland was 31.33 cm; 29.2 cm; and 30 cm, 
respectively. Pucang Sari woodland had taller individuals 
of P. goodyeroides (44.1 cm) than bamboo forest, cananga 
woodland, and Capang woodland. Gajah Rejo woodland 
had the tallest individuals of P. goodyeroides compared to 
other habitats (57.99 cm) (Figure 5). 
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Leaf area of P. goodyeroides also showed variation 
between habitats with a similar trend as plant height. Mean 
leaf area of P. goodyeroides in the bamboo forest, cananga 
woodland, and Capang woodland was 39.74 cm2; 47.1 cm2; 
and 48.08 cm2, respectively. Pucang Sari woodland had 
larger leaf area (81.35 cm2) than bamboo forest, cananga 
woodland, and Capang woodland. Gajah Rejo woodland 
had the largest leaf area compared to other habitats (112.07 
cm2) (Figure 5). The taller individuals and larger leaf area 
of P. goodyeroides in Pucang Sari woodland and Gajah 
Rejo woodland than in bamboo forest, cananga woodland, 
and Capang woodland is related to litter thickness. Pucang 
Sari and Gajah Rejo woodland had thicker litter than 
bamboo forest, cananga woodland, and Capang woodland 
(Figure 6). Previous studies have shown that litter is 
important to maintain high soil moisture level and also as 
the source of organic matter on which mycorrhizal fungi 
depend (Garrett 1956). Mycorrhizal fungi have the 
capability to absorb a wide range of nutrients available in 
soils provided by leaf litter and organic matter and transfer 
a proportion of nutrients to the orchid, which are essential 
for orchid growth, development, and survival (Kononova 
1961; Nurfadilah et al. 2013; Smith and Read 1997).  

Analysis of correlation between plant size and litter 
thickness using Regression confirmed that plant height and 
leaf area of P. goodyeroides was positively associated with 
litter thickness (r= 0.39; df=1; P = 0.03; for regression of 
litter thickness and plant height) and (r= 0,59; df=1; P 
=0.001 ; for regression of litter thickness and leaf area) 
(Figure 6). Thicker litter tended to support the increase of 
plant height and leaf area of P. goodyeroides (Figure 7). 
This indicates that litter is important for growth and 
development of P. goodyeroides. Other studies also 
showed the importance of litter for growth and 
development, as well as for reproduction of other orchids, 
such as Platanthera praeclara (Sieg and King 1995) and 
Caladenia flava subsp flava (Newman et al. 2013).  

Mean soil pH recorded across five habitats of P. 
goodyeroides ranged between 5-5.95 (Figure 6). ANOVA 
showed that soil pH in the five habitats of P. goodyeroides 
was not significantly different) (P> 0.05) (Figure 6). This 
indicates the similarity of soil pH in the five habitats did 
not affect the variation in plant size of P. goodyeroides. 
Regression analysis confirmed that soil pH was not 
correlated with plant size (r=0.20; df=1; P =0.268; for 
interaction between plant height and soil pH) and (r=0.316; 
df=1; P =0.084; for interaction between leaf area and soil 
pH) (Figure 8). Other studies also showed that soil pH did 
not differ among habitats and was not significantly 
correlated with growth and development of other orchids, 
such as Platanthera praeclara (Sieg and King 1995).  

Implication for conservation 
The present study showed the different performance of 

P. goodyeroides regarding its population and plant size 
correlated with environmental factors in the five extant 
habitats (bamboo forest, cananga woodland, Capang 
woodland, Gajah Rejo woodland, and Pucang Sari 
woodland). Population and plant sizes are one of 
determinant factors for a long term and future survival of 

orchids as they can affect growth and reproduction of 
orchids (Jacquemyn et al. 2010; Tremblay 2006; Gregg and 
Kery 2006). Large population size and plant size have been 
exhibited to have higher survival of orchids compared to 
small population and small plant size (Gregg and Kery 
2006; Shaffer 1987). 

  
 

 
 
Figure 5. Plant height and leaf area (± SE) of Peristylus 
goodyeroides in five habitats. Different letters above column 
indicate significantly different (P < 0.05). 

 
 
 

 
 
Figure 6. Environmental factors; abundance of vegetation 
surrounding P. goodyeroides, litter cover, and soil pH (± SE) in 
five habitats of P. goodyeroides. Different letters above column 
indicate significantly different (P < 0.05), while same letters 
above column indicate not significantly different (P > 0.05) 
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Figure 7. Positive correlation between plant size and litter 
thickness in plots across five habitats of P. goodyeroides. 
Correlation between plant height and litter thickness (top). P < 
0.05 (P=0.012); leaf area interaction with litter thickness 
(bottom); P < 0.05 (P=0.011) 
 

 
 

 
Figure 8. The interaction between plant size and soil pH in plots 
across five habitats of P. goodyeroides. Soil pH did not affect 
plant height (top) and leaf area (bottom) 

 
 
The present study has implications for the improvement 

of population performance of orchids that had small size 
population and relatively small size plants in the bamboo 
forest, cananga woodland, and Capang woodland for the 
increase of population size and plant size in these three 
habitats. To increase population size and plant size of P. 
goodyeroides in these three habitats can be conducted by 
coppicing or mowing tall vegetation surrounding the orchid 
and increase litter cover for the optimal thickness of litter 
cover.  

Coppicing is known to be useful to provide more access 
to light for plants grown with taller plants. Light is known 
as a limiting factor in the growth and development of plants 
including orchids. Field experiment of coppicing or 
mowing surrounding tall vegetation of another orchid, 
Ophrys insectifera has been demonstrated to be positively 
related to plant performance and population fitness of O. 
insectifera through the increase of plant size and flowering 
production and the ability to flower in consecutive years. 
Field experiments on the effect of coppicing or mowing tall 
vegetation surrounding P. goodyeroides are required. 
Moreover, field experiments of adding litter for sparse and 
thin litter cover in a bamboo forest, cananga woodland, and 
Capang woodland for the optimal thickness of litter cover 
that can increase plant size of P. goodyeroides are also 
required to increase the performance of P. goodyeroides 
population. Leaf litter accumulation can maintain soil 
moisture and is a potential source for organic matter, one of 
important substance to ensure the survival of mycorrhizal 
fungi; thus for the survival of the orchids as orchids highly 
rely on the mycorrhizal fungi for their survival (Garrett 
1956; Batty et al. 2001). Some orchids, such as Gastrodia 
confusa, Cymbidium sinense growing in bamboo forests are 
known to form a symbiotic association with several species 
of litter decomposer Mycena fungi (Ogura-Tsujita 2009; 
Fan et al. 1996). Apart from the use of litter for the growth 
of orchids, leaf litter is also important for seedling 
recruitment (Batty et al. 2001). 

Management of conservation of P. goodyeroides needs 
to consider the establishment and preservation of large 
population and large plant for the survival of orchids 
(Dorland and Willems 2002; Gregg and Kery 2006). A 
small population of P. goodyeroides in the bamboo forest, 
cananga woodland, and Capang woodland is the priority 
and needs high attention to be enhanced for the 
enlargement of the population for future and a long-term 
survival of P. goodyeroides that have experienced 
population decline. Field experiments on the effects of 
coppicing or mowing tall vegetation and the optimal 
thickness of litter cover on population and plant size are 
recommended for better performance of population and 
survival of P. goodyeroides. 
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Abstract. Phinyo K, Pekkoh J, Peerapornpisal Y. 2017. Distribution and ecological habitat of Scenedesmus and related genera in some 
freshwater resources of Northern and North-Eastern Thailand. Biodiversitas 18: 1092-1099. The family Scenedesmaceae is made up of 
freshwater green microalgae that are commonly found in bodies of freshwater, particularly in water of moderate to polluted water 
quality. However, as of yet, there have not been any studies on the diversity of this family in Thailand and in similar regions of tropical 
areas. Therefore, this research study aims to investigate the richness, distribution and ecological conditions of the species of the 
Scenedesmus and related genera through the assessment of water quality. The assessment of water quality was based on the physical and 
chemical parameters at 50 sampling sites. A total of 35 taxa were identified that were composed of six genera, i.e. Acutodesmus, 
Comasiella, Desmodesmus, Pectinodesmus, Scenedesmus and Verrucodesmus. Eleven taxa were newly recorded in Thailand. The taxa 
were found in the oligo-mesotrophic to the eutrophic status. The major study sites were influenced by the nutrients identified in the 
water resources. The dominant species were Desmodesmus communis (E. Hegewald) E. Hegewald, D. armatus var. bicaudatus 
(Guglielmetti) E. Hegewald, D. armatus (Chodat) E. Hegewald and D. serratus (Corda) S. S. An, Friedl & E. Hegewald. This study has 
produced revised material on Scenedesmus and related genera in Thailand that is considered important information with regard to the 
classification of microalgae in Thailand. 

Keywords: Biodiversity, microalgae, phytoplankton, trophic status and tropical areas  

INTRODUCTION 

Scenedesmus and related genera belong to Phylum 
Chlorophyta, Class Chlorophyceae, Order Sphaeropleales, 
Family Scenedesmaceae and, 639 taxa have been reported 
on the algaebase website (Guiry and Guiry 2014). The 
dominant characteristics of the family are: elliptical to 
spindle-shaped cells and the cell groups or coenobia are 
usually present in 2, 4, 8 or 32 in numbers in one to three 
rows of cells. The cell walls are smooth or appear as 
submicroscopic structures with a hemicellulosic and 
sporopollenic layer. The chloroplasts appear single and 
parietal with a single pyrenoid. The major taxonomic 
characteristics used for the morphological identification of 
the species of this family include: (i) cells being arranged 
in colonies, (ii) the size of the cell and colony, and (iii) the 
presence of an ornament or spine in the cell wall 
(Hegewald 1997). Several genera were separated from 
Scenedesmus by their morphological and molecular 
characteristics. Accordingly, the genus Desmodesmus 
displays certain structures on the cell wall such as teeth, 
rosettes, warts and spines, while the species Scenedesmus 
possesses a smooth, non-ornamented cell wall. The cells of 
the genus Acutodesmus appear to be more or less 
ellipsoidal, spindle-shaped and show longitudinal ridges 
under the TEM. The genus Pectinodesmus reveal a cell 
shaped similar to that of the genus Acutodesmus but differ 
in terms of molecular phylogeny. The genus Comasiella is 
distinguished by elongated and curved cells with obtuse 

cell poles and the coenobia are surrounded by mucilage. 
Eventually, Verrucodesmus will display ovate to obtuse 
elongated cells, while many granules will appear on the cell 
wall and coenobia will be embedded in the mucilage 
(Hegewald et al. 2010, Krienitz and Bock 2012 and 
Hegewald et al. 2013). 

Scenedesmus are commonly found in fresh and brackish 
waters, particularly under conditions that are considered 
nutrient-rich (An et al. 1999). They can grow in highly 
polluted water and are typically used as pollution indicators 
In temperate zones, there have been extensive studies on 
the diversity and taxonomy of the members of this genera, 
while water quality assessment has also been deeply 
studied (Brettum and Andersen 2005 and Shubert et al. 
2014). The sampling sites of certain countries that are 
located in tropical zones, such as those of Peru, India and 
Brazil, have been studied by a number of researchers 
(Hegewald and Schnepf 1978, Mousumi and Jai 2015, 
Godinho et al. 2010, Hentschke and Torgan 2010, Torgan 
and Hentschke 2011 and Ramos et al. 2015). However, 
there have not been any studies on the diversity and 
classification of this group of algae in Thailand. The main 
objective of this study is to investigate the richness and 
ecological conditions that are relavent to this species and 
the potential for using the species of the Scenedesmaceae 
family in the assessment of water quality of the water 
resources of Thailand.  
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MATERIALS AND METHODS 

Study areas 
Algal specimens were collected from June 2014 to 

March 2015 from various standing freshwater resources 
such as lakes, reservoirs, ponds, ditches and pools that were 
located in northern and north-eastern Thailand (Figure 1). 
Fifty sampling sites in 22 provinces were investigated in 
this study. There were 16 and 34 sampling sites located in 
the northern and north-eastern regions of Thailand, 
respectively. The ecological data of each sampling site 
such as catchment areas, agricultural areas or community 
areas were recorded and the utilization of the sampling 
sites was assessed.  

Procedure 
The algae were collected by filtering 10 L of water 

from each sampling site with a 10-µm pore size plankton 
net. The samples were preserved by adding 0.7 mL of 
Lugol’s solution to 100 mL of the samples (Eaton et al. 
2005). Samples were observed under a microscope and 
photographed using an Olympus Normaski microscope. 
The specimens were identified according to relevant 
literature, e.g.; Philipose (1967), Presscott (1970), Huber-
Pestalozzi (1983), Hindák (1990), Croasdale et al. (1994), 
John et al. (2011) Krienitz and Bock (2012) and Hegewald 
et al. (2013). Cell enumeration was assessed by the Lackey 
drop method, which is a simple method that is used to  

obtain results when studying a dense plankton population 
(Greenberg et al. 1992). The importance value (IV) for 
each species was estimated as the sum of relative frequency 
and relative density (Williams-Linera et al. 2005), which 
were calculated by using the method of Mueller-Dombois 
and Ellenberg (1974) as follows: (i) Relative density (%RD) 
= (number of individuals of species / total number of 
individuals) x 100, (ii) Relative frequency (%RF) = 
(frequency of a species / sum frequency of all species) x 
100, (iii) Importance value (IV) = Relative density + 
Relative frequency.  

Water samples were collected at a depth of 30 cm from 
the surface of each water resource using polyethylene 
bottles for nutrient analysis, as well as for the analysis of 
certain physico-chemical properties. The bottles containing 
the water samples were kept in a cool box (5-7 oC) for later 
analysis in the laboratory. Measurements made of the physio-
chemical parameters at the sampling sites included water 
and air temperature, light intensity, transparency, conductivity, 
pH and dissolved oxygen (DO) (Eaton et al. 2005). 

Certain physico-chemical parameters (turbidity, 
alkalinity, biochemical oxygen demand (BOD), chlorophyll 
a) and certain nutrients (nitrate nitrogen, ammonium 
nitrogen and soluble reactive phosphorus) were analyzed in 
the laboratory, according to the method of Eaton et al. (2005). 
The trophic status of the water was classified according to 
the method of Peerapornpisal et al. (2004), which was 
based on Wetzel (2001), Lorraine and Vollenweider (1981).  

 
 

 
 
Figure 1. Map of Thailand showing 50 sampling sites in 22 provinces 
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RESULTS AND DISCUSSION 

Sampling sites and water quality 
The 50 sampling sites located in the water resources 

were comprised of a range of sizes and were classified as 
small (S) medium (M) and large (L) according to the 
capacity of the reservoir and/or the surface area of the 
reservoir. There were 30 sites that were classified as small, 
17 sites that were classified as medium and three sites that 
were classified as large water bodies (Figure 2 (1)). Water 
samples were taken from the water resources at locations 
that were made up of various features including earthen 
ponds, artificial ponds, swamps, moats, reservoirs, 
oxidation ponds, canals, lakes, and ditches. The occurrence 
of Scenedesmus and related genera at each feature of the 
sampling sites is shown in Figure 2 (2). The water quality 
of the sampling sites was divided into four levels of status, 
i.e. oligo-mesotrophic, mesotrophic, meso-eutrophic and 
eutrophic statuses. There were 12 sites that were classified 
as oligo-mesotrophic status, 23 sites of mesotrophic status, 
13 sites of meso-eutrophic status and two sites of eutrophic 
status. The results showed that the species of Scenedesmus 
and related genera had been found at twenty-nine sampling 
sites out of a total of fifty sites. The taxa could be found in 
the water of oligo-mesotrophic to eutrophic status; 
however, the presence of the group tended to be found in 
the water of mesotrophic and meso-eutrophic status (Figure 
2 (3)). The rate of occurrence of the taxa was highest at 
NRS3, followed by the NKN4 and CHM1, which were 
comprised of small and medium size water bodies that 
were classified as having mesotrophic to meso-eutrophic 
water quality. The environmental characteristics of NRS3, 
NKN4 and CHM1 that resembled those of artificial 
constructions and nutrients were easily received by these 
water bodies through their surroundings, such as with those 
found within residential communities or agricultural areas 
(Table 1). 

Diversity of Scenedesmus and related genera 
A total of 35 taxa comprised of six genera, three species 

of Acutodesmus, one species of Comasiella, twenty-two 
species of Desmodesmus, two species of Pectinodesmus, five 
species of Scenedesmus and two species of Verrucodesmus 
were found (Table 2). Eleven taxa were newly recorded 
within Thailand (Figure 3) and the morphological and 
metric features of each taxa are presented in Table 3. The 
taxa were found in water quality of oligo-mesotrophic to 
eutrophic status. The species frequency was recorded and is 
presented as follows: D. armatus (Chodat) E.Hegewald, D. 
armatus var. bicaudatus (Guglielmetti) E.Hegewald and A. 
dimorphus (Turpin) P.M.T Sarenko. These were collected 
from 18, 16 and 15 sampling sites, respectively. The top 
dominant species that bicaudatus (Guglielmetti) E. 
Hegewald, D. armatus (Chodat) were determined by 
importance value were D. communis (E. Hegewald) E. 
Hegewald followed by D. armatus var. E. Hegewald and 
D. serratus (Corda) S.S.An, Friedl & E. Hegewald (Table 
2). The percentage of relative abundance was determined 
by how common or rare each species was found to be with 
regard to the trophic status as is shown in Table 2. 

Table 1. Characteristics of each sampling site and the appearance 
of Scenedesmus and related genera 
 
Code of 

sampling 
site 

*Size Feature **Status 
of water 

% 
Occur‐
rence

***Species 
occur‐
rence

UTD1 S Earthen Pond EU 0.83 ++
UTD2 S Artificial Pond MS 7.11 ++++
UTD3 M Swamp MS 0.63 ++
PHR1 S Earthen Pond MS 0 0
PHR2 S Artificial Pond MS 0 0
PHR3 M Moat ME 0.38 ++
PHR4 L Reservoir MS 0 0
CHR1 M Moat ME 1.1 ++
CHR2 M Earthen Pond OM 0 0
CHR3 L Artificial Pond OM 0 0
PYA1 M Reservoir MS 0.34 ++
PYA2 S Earthen Pond ME 0.15 +
PYA3 M Moat MS 1.98 +++
NAN1 S Earthen Pond MS 0 0
NAN2 S Oxidation Pond ME 0.13 +
CHM1 M Moat ME 10.63 ++++
NRS1 S Artificial Pond ME 0.46 ++
NRS2 S Artificial Pond MS 0.23 ++
NRS3 M Moat MS 27.8 +++++
KRS1 M Artificial Pond OM 0 0
KRS2 S Swamp ME 0 0
KRS3 S Pond MS 0 0
KRS4 M Earthen Pond MS 0.08 +
KKN1 L Earthen Pond MS 0.02 +
KKN2 S Concrete pond OM 0.1 +
NKN1 S Earthen Pond OM 0 0
NKN2 S Earthen Pond OM 0 0
NKN3 S Artificial Pond OM 5.53 ++++
NKN4 S Artificial Pond MS 20.06 +++++
MDH1 S Artificial Pond OM 0.57 ++
YST1 S Earthen Pond MS 0.3 ++
YST2 S Earthen Pond MS 0.65 ++
YST3 S Canal OM 0 0
RET1 M Earthen Pond OM 0 0
RET2 M Lake MS 0 0
RET3 M Moat ME 0.95 ++
SSK1 M Ditch OM 1.17 ++
SSK2 S Earthen Pond OM 0 0
SKN1 S Oxidation Pond ME 0.52 ++
SRN1 S Earthen Pond ME 1.7 +++
SRN2 S Artificial Pond MS 2.71 +++
NKI1 M Earthen Pond ME 0 0
NKI2 S Artificial Pond MS 0.06 +
ANC1 S Moat MS 7.16 ++++
UBN1 S Earthen pond MS 6.64 ++++
UDT1 S Earthen Pond ME 0 0
UDT2 M Swamp MS 0 0
UDT3 M Earthen Pond EU 0 0
BUR1 S Artificial Pond MS 0 0
LEI1 S Earthen Pond ME 0 0
Note: *Size of reservoir was characterized by its capacity: S = 
capacity of reservoir<1 million m3 and/or surface area of reservoir 
< 1 km2, M = capacity of reservoir>1 million m3 and<100 million 
m3 and/or surface area of reservoir > 1km2 and <15 km2, L = 
capacity of reservoir ≥100 million m3 and/or surface area of 
reservoir >15 km2. **Status of water; OM = Oligotrophic-
mesotrophic status, MS = Mesotrophic status, ME = Mesotrophic-
eutrophic status and EU = Eutrophic status. ***Species 
occurrence; 0 = No appearance of Scenedesmus and related 
genera, + = % Occurrence during 0.01-0.20, ++ = % Occurrence 
during 0.20-1.50, +++ = % Occurrence during 1.50-5.00, ++++ = 
% Occurrence during 5.00-20.00 and +++++ = % Occurrence 
during > 20.00 
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Discussion 
Sampling sites and water quality  

The abundance of Scenedesmus and related genera was 
highest at NRS3, which also had the highest percentage of 
occurrence (Table 1). With regard to quantitative 
measurements, higher values of the occurrence of the 
species were found at the NKN4 and CHM1 sites, which 
were secondary to those of NRS3. This sampling site was 
comprised of the moats located in NRS3 and CHM1 and 
the shallow pond in NKN4. According to the results, 
Scenedesmus and related genera were found in the moat 
category of the sampling sites (NRS3, CHM1, PHR3, 
CHR1, PYA3, RET3 and ANC1 (Figure 2 (2))), wherein 
the water quality was within the range of the mesotrophic 
to meso-eutrophic status. Most of the moats were located in 
the city and were surrounded by either residential communities, 
restaurants, and markets whose activities influenced the 
level of nutrients entering the water and could lead to the 
promotion of the growth of phytoplankton, including 
Scenedesmus and related genera (Prasertsin and 
Peerapornpisal 2015). Most of the sampling sites where the 
Scenedesmus and related genera were found were classified 
as being small and/or medium in size. In agreement with 
our results, Mrutyunjay and Siba (2007) found 
Desmodesmus and Scenedesmus in a small garden tank, a 
pond (0.5-2.0 hectare), a drain and a temporary water pool 
that were quite small when compared with other sites.  

 

 
 

 
 
Figure 2. A. The number of sampling sites according to size (S, 
M, L). Note: See Table 1 for S, M, L. B. Features and the trophic 
status are displayed. C. The numbers presented either in the boxes 
or over them indicate the presence (found) and absence (not 
found) of Scenedesmus and related genera 

 
 

 
 
Figure 3. Eleven species were newly recorded for Thailand: A. Desmodesmus. serratus (Corda) S. S. An, Friedl & E. Hegewald, B. D. 
subspicatus (Chodat) E.Hegewald & A. Schmidt, C. D. dispar (Brébisson) E. Hegewald, D. D. maximus (West & G.S. West) Hegewald 
E. D. intermedius var. acutispinus (Roll) E. Hegewald, F. D. baconii M. Fawley, K. Fawley & E. Hegewald, G. D. pleiomorphus 
(F.Hindák) E. Hegewald, H. D. lefevrei (Deflandre) S.S. An, T. Friedl & E. H. Hegewald, I. Pectinodesmus pectinatus (Meyen) E. 
Hegewald, M. Wolf, Al. Keller, Friedl & Krienitz, J. Comasiella arcuata var. platydisca (G. M. Smith) E. Hegewald & M.Wolf, K. 
Scenedesmus acunae Comas. (scale bar = 10 µm) 
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Table 2. List of species with its frequency, abundance and the trophic status of the sampling sites 
 

Species Frequency 
at sites %

R
D
 

%
R

F 

IV 
% Relative abundance of each 

trophic status 
OM ME MS EU 

Genus Acutodesmus        
A. acuminatus (Lagerheim) P.M.Tsarenko 7 0.44 3.26 3.69 0.27 0.70 0.90 0.00 
A. dimorphus (Turpin) P.M.Tsarenko 15 2.32 6.98 9.29 0.00 0.68 9.55 0.00 
A. obliquus (Turpin) Hegewald & Hanagata 6 0.22 2.79 3.01 0.13 0.05 1.02 0.00 

        
Genus Comasiella          
C. arcuata var. platydisca (G.M.Smith) E.Hegewald & 
M.Wolf 

4 2.06 1.86 3.92 0.00 2.66 0.24 0.00 

         
Genus Desmodesmus         
D. abundans (Kirchner) E.Hegewald  2 0.96 0.93 1.89 0.00 1.27 0.00 0.00 
D. aculeolatus (Reinsch) P.M.Tsarenko 2 0.29 0.93 1.22 0.00 0.04 1.62 0.00 
D. armatus (Chodat) E.Hegewald 18 6.74 8.37 15.11 5.20 7.81 2.69 0.00 
D. armatus var. bicaudatus (Guglielmetti) E.Hegewald  16 10.21 7.44 17.66 12.27 8.27 18.46 9.52 
D. asymmetricus (Schröder) E.Hegewald 1 0.03 0.47 0.49 0.00 0.04 0.00 0.00 
D. baconii M.Fawley, K.Fawley & E.Hegewald 3 0.21 1.40 1.61 0.00 0.24 0.18 0.00 
D. brasiliensis (Bohlin) E.Hegewald 7 0.52 3.26 3.78 2.27 0.40 0.12 4.76 
D. communis (E.Hegewald) E.Hegewald 14 26.84 6.51 33.36 34.13 26.88 24.65 0.00 
D. denticulatus (Lagerheim) S.S.An, T.Friedl & 
E.Hegewald 

9 1.46 4.19 5.64 3.73 0.13 6.72 0.00 

D. dispar (Brébisson) E.Hegewald 3 2.10 1.40 3.50 0.27 2.72 0.12 0.00 
D. intermedius (Chodat) E.Hegewald 8 4.51 3.72 8.23 9.87 1.82 14.79 0.00 
D. intermedius var. acutispinus (Roll) E.Hegewald  2 0.16 0.93 1.09 0.40 0.20 0.00 0.00 
D. lefevrei (Deflandre) S.S.An, T.Friedl & E.H.Hegewald 1 0.04 0.47 0.50 0.00 0.05 0.00 0.00 
D. maximus (West & G.S.West) Hegewald 3 7.00 1.40 8.40 0.00 8.89 1.62 0.00 
D. opoliensis (P.G.Richter) E.Hegewald 14 3.44 6.51 9.95 5.47 2.55 4.62 47.62 
D. opoliensis var. carinatus (Lemmermann) E.Hegewald 10 3.27 4.65 7.92 2.53 3.82 1.14 0.00 
D. pannonicus (Hortobágyi) E.Hegewald 1 2.32 0.47 2.78 0.00 3.06 0.00 0.00 
D. perforatus (Lemmermann) E.Hegewald 4 0.93 1.86 2.79 1.33 1.10 0.00 0.00 
D. pleiomorphus (F.Hindák) E.Hegewald  1 0.16 0.47 0.62 0.00 0.20 0.00 0.00 
D. serratus (Corda) S.S.An, Friedl & E.Hegewald 9 10.17 4.19 14.36 0.00 13.40 0.06 0.00 
D. spinosus (Chodat) E.Hegewald 4 0.65 1.86 2.51 5.33 0.27 0.36 0.00 
D. subspicatus (Chodat) E.Hegewald & A.Schmidt 7 1.68 3.26 4.93 7.33 1.46 0.24 0.00 

        
Genus Pectinodesmus         
P. javanensis (Chodat) E.Hegewald, C.Bock & Krienitz 1 0.06 0.47 0.52 0.80 0.00 0.00 0.00 
P. pectinatus (Meyen) E.Hegewald, M.Wolf, Al.Keller, 
Friedl & Krienitz 

9 1.49 4.19 5.67 0.40 0.54 4.69 38.10 

        
Genus Scenedesmus         
S. acunae Comas 2 0.23 0.93 1.16 0.00 0.28 0.12 0.00 
S. ecornis (Ehrenberg) Chodat 2 0.55 0.93 1.48 6.40 0.12 0.00 0.00 
S. indicus Philipose 3 5.10 1.40 6.50 0.00 6.73 0.00 0.00 
S. obtusus Meyen  12 1.76 5.58 7.34 0.00 1.93 1.80 0.00 
S. parisiensis Chodat 1 0.08 0.47 0.54 1.07 0.00 0.00 0.00 

        
Genus Verrucodesmus         
V. parvus (G.M.Smith) E.Hegewald 2 0.27 0.93 1.20 0.00 0.01 1.62 0.00 
V. verrucosus (Y.V.Roll) E.Hegewald 12 1.75 5.58 7.33 0.80 1.66 2.65 0.00 
Note: Trophic status of water: OM = Oligotrophic-mesotrophic status, MS = Mesotrophic status, ME = Mesotrophic-eutrophic status 
and EU = Eutrophic status 
 
 
 
Richness of the Scenedesmus and related genera 

Scenedesmus and related genera were found to be 
present in every status of water quality and were confirmed 
by the relative abundance value of each trophic status 
(Table 2). Some species were found to be common such as 
D. communis, D. armatus, D. armatus var. bicaudatus, D. 
opoliensis and D. Intermedius, which displayed a high level 

of abundance in all sites of a trophic status (eutrophic status 
was apprently not identified because there were only a few 
sampling sites). Scenedesmaceae taxa were found in 35 
taxa from 29 sampling sites, all of which reported a higher 
number of taxa than were found in other research studies of 
Thailand. Previously, the studies conducted in Thailand did 
not specifically focus on Scenedesmus and the related  
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Table 3. The morphogical and metric characteristics of newly recorded species in Thailand 
 

Species Cell length 
(μm) 

Cell width 
(μm) Coenobia arrangement Cell shape Ornament on cell wall 

Desmodesmus serratus 10 (12.5)-17.5 2.5-7.5 2,4 cell linear Elongate-ovoid Teeth on the cell margin  

D. subspicatus 5 (7.50)-8.75 1.8-2.5 2,4 cells linear Elongate-ovoid to 
cylindrical 

Main spines on apices and 2-3 lateral spines (shorter than main 
spines) of terminal cells; polar additional spines of inner cells 

D. dispar  7.5 (10)-12.5 3.75-6.25 2,4 cells linear to slight 
alternating 

Elongate-ovoid to 
cylindrical, round or 
polygonal apices 

Terminal cells with a spine at one pole and a shorter spine at the 
opposite pole, inner cells with a short spine at one pole 

D. maximus 22.5-25 7.5-8.75 2,4 cells linear Cylindrical, round apices Massive spines on apices of terminal cells 

D. intermedius var. 
acutispinus  

6.25 (7.5)-10 2.187 (2.5)-3.75 4 cells linear Narrow cylindrical 2 spines arising in opposite directions on terminal cell apices 

D. baconii 7.5-10 3.75-4.375 2,4 cells linear Elongate ovoid Large spines at one end and lateral row of spines at terminal cells, 
short spines on apices of inner cells 

D. pleiomorphus 7.5 3.75 4 cells linear Broad ovoid Long spines at poles and median part of cells 

D. lefevrei 7.5 3.75 4 cells linear Cylindrical, slight curve in 
lateral cells 

Terminal cells with 2 spines at each pole, one larger and another 
smaller arising in opposite directions on apices, a row of short 
spines at lateral at terminal cells  

Pectinodesmus 
pectinatus 

12.5-25 2-3.75 4, 8 cells alternate 
arrangement 

Cells spindle-like, lunate 
shape with terminal cells, 
cell length to cell width 6:1 

Not observed by light microscope 

Comasiella arcuata 
var. platydisca  

5-7.5 2.5-5 4,8 cells double series 
arrangement, small 
space between cells 

Elongate-ovoid to 
cylindrical-ovoid, slight 
curve 

Smooth cell walls, mucilaginous envelope 

Scenedesmus. acunae 7.5-10 2.8-4.375 4 cells linear Cylindrical of inner cells, 
convex outer cell, round 
apices  

Smooth cell walls 
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genera as most of the research studies were focused on the 
species of phytoplankton. The process of identification at 
the species level of this algae group requires a significant 
amount of knowledge and many details. The first report of 
this the group in Thailand appeared in 1901 by W. West, 
while G. S. West surveyed the plants and algae at Koh 
Chang (Trat Province, Thailand). This study identified four 
species of Scenedesmus (S. bijugatus, S. denticulatus var. 
linearis, S. acutiformis var. spinuliferum and S. 
quadricauda). Therefore, many reports have reported on 
the generic level of a species or focused on providing 
evidence of a given species. Notably, Prasertsin and 
Peerapornoisal (2015) studied the diversity of 
phytoplankton and water quality in certain freshwater 
resources in Thailand. In the above-mentioned study, 4 
species of Acutodesmus, six species of Desmodesmus and 
two species of Scenedesmus (five taxa could not be 
identified by species) were found. Pongsawat and others 
(2004) reported on the presence of three species of 
Scenedesmus; S. acuminatus (Lagerh.) Choda. var. 
acuminatus, S. armatus (Chod.) G. M. Smith and S. 
opoliensis P. Richter, all of which were found in Rama IX 
Lake at Pathumthani Province. In another report, 
Scenedesmus and related genera were discovered and 
identified at the genus level (Angsupanich and Rakkheaw 
1997 and Tookwinas and Songsangjinda 1999). 
Summarily, previous reports on Scenedesmus and related 
genera in Thailand reported on the presence of around 53 
species and most of them were classified into the genus 
Scenedesmus (Lewmanomont et al. 1995). Furthermore, the 
high number and various systems associated with the 
sampling sites included in this study resulted in a high 
volume of Scenedesmus and related genera taxa. In 
addition, there are more research studies, publications and 
textbooks available that were related to identification than 
before, which resulted in more descriptions related to the 
classification of these algae groups. As a result, this 
research study identified far more specimens of taxa of 
Scenedesmus and related genera than the previous research 
studies that had been conducted in Thailand. 
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Abstract. Henuk JBD, Sinaga MS, Hidayat SH. 2017. Morphological and molecular identificationof fungal pathogens causing 

gummosis disease of Citrus spp. in Indonesia. Biodiversitas 18: 1100-1108. Gummosis is one of the most important diseases of citrus. 

The disease is caused by several species of Phytophthora, i.e. P. nicotianae, P. palmivora, P. citrophthora; as well as Lasiodiplodia 

theobromae (synonyms: Botryodiplodia theobromae and Diplodia natalensis; teleomorph Botryosphaeria rhodina). The objective of 

this study was to identify the isolates of fungal pathogens, i.e. Phytophthora spp. and B. theobromae and/or D. natalensis from several 

different areas of citrus central production in Indonesia based on their morphological and molecular characteristics. This study included 

two activities, i.e. (i) collection, isolation, and identification of pathogenic fungi from infected tissues, basal stem roots, and soil surface 

and rhizosphere; and (ii) extraction of genomic DNA and amplification of DNA fragments using PCR technique for molecular 

characterization. Results of morphological characterization and DNA sequence analysis revealed that gummosis was caused by 

Botryodiplodia theobromae Pat. (Teleomorph Botryosphaeria rhodina (Cooke) Arx.)), and P. citrophthora. 

Keywords: Citrus, gummosis, morphology and molecular characteristics 

INTRODUCTION 

Gummosis is one of the most important citrus disease. 

It potentially causes the financial loses for farmers due to 

the reduction of citrus production in both quantity and 

quality. Gummosis is the second most significant disease of 

citrus after citrus vein phloem degeneration (CVPD). This 

disease can infect in both seedlings and adult citrus plant 

causing the total loss of citrus production and the inhibition 

of current wide spreads of citrus in many areas in 

Indonesia. 

Gummosis disease was mostly caused by Phythoptora, 

such as P. nicotianae, P. palmivora, P. citrophthora, but 

the latest findings showed that another fungal species, i.e. 

Botryodiplodia theobromae and/or D. natalensis can also 

induce gummosis (Wang et al. 2011). The comprehensive 

reports related to the identification of fungal pathogens 

associated with gummosis are, however, still limited. 

Therefore, an accurate identification of fungus for early 

detection of plant pathogen is very important. This can also 

provide basic and accurate information, which is required 

for a successful plant disease control management (Ma and 

Themis 2007). The pathogen can be conventionally 

identified based on morphological characteristics followed 

by molecular method such as polymerase chain reaction 

(PCR) for further confirmation.  

The development of molecular methods has a high 

positive impact on plant pathology researches. The use of 

PCR methods to detect pathogens in plant tissues or other 

samples is an effective method to complement with 

conventional methods in the identification of pathogen 

morphological characteristics. This is because the 

identification of pathogen morphology using conventional 

method is mostly time consuming, affected by 

environmental condition, labor-intensive and requiresan 

extensive knowledge in taxonomy (Silvar et al. 2005). PCR 

is a powerful tool which has been successfully reported in 

the identification and detection of different fungal plant 

pathogens. This tool has high specificity, 

sensitivity,rapidity and can be operated automatically 

(Ippolito et al. 2002). 

PCR method has been used in many applications, 

including detection of plant pathogens and is generally 

regarded as the most sensitive test available. For example, 

the PCR assay was able to detect P. infestans in the 

absence of visible symptoms and also unidentified the 

pathogen species via plating on selective agar medium 

(Hussain et al. 2016). PCR method could be also used as an 

alternative method in the visual evaluation of potato seed 

infected by several levels of late blight disease (Tooley et 

al.1998). However, the species level identification of 

Phytophthora in terms of morphology, up to now, is often 

complicated due to the lack of diagnostic tool of 

morphological characters (Ippolito et al. 2002). Of the 

reason, the application of PCR methods in order to identify 

Phytophthora and other plant pathogens, i.e. B. theobromae 

and/or D. natalensisis a highly promising method. 

Therefore, this research was aimed to identify the 

Phytophthora spp. and B. theobromae and/or D. natalensis 

isolated from several different areas of citrus central 

production in Indonesia in terms of the morphological and 

molecular characteristics. 
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MATERIALS AND METHODS 

Collection of infected plant samples 

Infected plant samples were collected from 11 location 

of citrus central production in Indonesia, i.e. Berastagi 

(Karo), Kampar, Muaro Jambi, Tulang Bawang Barat, 

Garut, Jember, Batu-Malang, Bangli, Timor Tengah 

Selatan (TTS) (Figure 1), Banjarmasin, and Banjarbaru. A 

purposive sampling method was employed to ensure that 

samples were only taken from citrus plants showing the 

disease symptoms and infection signs of gummosis causing 

fungal pathogens. In each location, samples were collected 

from five diagonal intersection points. 

Isolation of the pathogen 

The pathogens were isolated from the infected tissues, 

basal stem root, and from soil surface and rhizosphere. 

Pathogen isolation from infected stem was conducted by 

washing the stem in running water, followed by surface 

sterilization using 0.5% chlorox for 30 seconds. The 

sample was then rinsed using sterile aquadest and was 

incubated in a PDA medium. The fungi cultures were then 

re-cultured in separate PDA plates to produce single 

colonies. The fungi culture shown as Phytophthora spp. 

colony characteristics was re-cultured in V8 media plates to 

stimulate their sporulation. Isolation of pathogens from soil 

samples were performed using an apple bait method for 

three days incubation period. Part of spot symptom that 

was furthest apart from soil attached to the apple bait was 

taken and cultured in V8 media. Pathogen isolation was 

also conducted using a flooding method, where a hollowed 

healthy fresh citrus fruit was placed on soil flooded with 

sterile water, and the growing pathogen on the surface of 

hollowed fruit tissue was isolated for further analysis.  

Morphological identification 

Identification of the pathogens based on morphological 

characteristics was carried out by both macroscopic and 

microscopic observations. Species identification of 

Phytophthora spp. was performed following identification 

key of Erwin and Ribeiro (1996) while that of 

Botryodiplodia sp. was based on identification key of 

Barnett and Hunter (1998). Observed morphological 

characteristics were described and presented in tables and 

figures. 

Molecular identification 

Identification of the pathogens using molecular method 

was conducted by amplifying the internal transcribed 

spacer (ITS) area of the ribosomal DNA (rDNA) using 

PCR with a pair of universal primers, ITS4 and ITS5 

(White et al. 1990).DNA extraction of the pathogenic fungi 

was conducted based on a modified method from Abd-

Elsalam et al. (2003).The PCR mixture was prepared as 

follows: 15.3 µL of ddH2O; 2.5 µL of buffer 10x + Mg2+ ; 

2.5 µL of sucrose cresol (10x); 0.5 µL of dNTP, 10 mM; 

forward and reverse primers, 1 µL each; 0.2 µL of 

recombinant Taq DNA polymerase (5U µL-1); 2 µL of 

DNA sample. The total volume of the mixture was 25 µL. 

DNA amplification was performed using a thermocycler 

(GeneAmp PCR System 9700) in a 35 cycles consisting of 

three main steps, i.e. initial denaturation at 94oC for 5 

minutes, followed by denaturation at 94oC for 1 minute; 

annealing process at 52oC for 1 minute; and extension 

process at 72oC for 2 minutes. After 35 cycles, the PCR 

was set at 72oC for 10 minutes and the temperature was 

lowered to 4oC. Amplified DNA fragments were separated 

using gel electrophoresis in a 1% TBE agarose gel, added 

with 1 µL of ethidium bromide (0.5 µL10 mL-1 agarose), 

and the DNA samples were then run in a 70 V electric 

current for 30 minutes.  

 

 

 
 

 
 

Figure 1. Sample sites of gummosis disease of Citrus spp. in citrus central production of Indonesia. 1. Berastagi (Karo), 2. Kampar, 3. 

Muaro Jambi, 4. Tulang Bawang Barat, 5. Garut, 6. Batu-Malang, 7. Jember, 8. Bangli, 9. Timor Tengah Selatan, 11. Banjarmasin, 10. 

Banjarbaru 
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The separated DNA was the visualized under a 

Transilluminator UV. Fragment DNA of PCR product used 

for sequencing. DNA sample and primers were sent to 

Macrogen Inc. South Korea for purification by using 

QIAquick gel extraction kit (Qiagen) and sequencing. 

Result of sequencing were edited using Genetix Win 

version 4.0, Clustal X (Thompson et al. 1997) and Mega 

version 4.0 (Tamura et al. 2007). Homology analysis was 

conducted by basic local alignment search tool (BLAST). 

For phylogenetic analysis, each nucleotide sequence 

wasfound from this research and nucleotide sequences 

selected from Genbank (http://www.ncbi.nlm.nih.gov) 

were aligned using Clustal W software (http: 

//www.ebi.ac.uk).Then,result of nucleotide alignment was 

transferred to Mega version 4.0 to obtain final alignment 

for construction of phylogenetic tree. Reconstruction of 

phylogeny was based on maximum parsimony (MP) 

method with bootstrap 1000 times. Calculation of matrix 

identity was conducted to know contiguity of Indonesian 

isolate with other isolates taken from the Genbank. 

RESULTS AND DISCUSSION 

Morphological identification of the pathogens  

Field survey carried out in several central production 

areas of citrus in Indonesia revealed that either seedlings or 

adult citrus stands infected by the gummosis fungi 

exhibited unique symptoms and signs. In infected 

seedlings, the surface of the infected stem skin was sunken 

and produced gummosis in the form of limpid structure in 

wet conditions and turned to golden brown in dry 

condition. The roots were rotten followed by death of the 

seedlings. These symptoms and signs are in line with that 

described by Ploetz (2003). The plants would die if the spot 

had encircled the stem skin. Generally, the disease could 

only attack to the top of the plants until the length of 60 cm 

above the soil surface, while from the roots, the disease 

could develop and reach to the entire roots (Lutz and 

Menge 1986). On the adult citrus plant, the symptoms 

appeared on the stem skin with many spots or wounds 

nearly exfoliated. In the wounded area, gum appeared to be 

already dried out. Severe infection could kill the whole 

infected plant. 

When the dried out gum collected from infected 

seedlings and adult citrus plants were plated on PDA 

medium, no pathogen was observed. This was in line with 

Naqvi (2004) who stated that gum was produced asthe 

plant reaction against pathogen infection but it did no 

talways contain pathogens. Gum is produced to localize 

pathogens to prevent further spreads to healthy plant 

tissues. The gum produced from a plant skin tissue 

indicates an advanced infection level (Agrios 2005). 

As many as 12 isolates were collected from the fields 

included one Phytophthora isolate collected from Oehala 

village, Timor Tengah Selatan (East Nusa Tenggara) and 

11 Botryodiplodia isolates collected from Berastagi (Karo, 

North Sumatra), Kampar (Riau), Muaro Jambi (Jambi), 

Tulang Bawang Barat (Lampung), Garut (West Java), 

Jember and Malang (East Java), Bangli (Bali), Timor 

Tengah Selatan (East Nusa Tenggara), Banjarmasin and 

Banjarbaru (South Kalimantan). 

In PDA media, colony of Phytophthora isolate was 

white and rosaceous while in V8 media, it was stellate and 

cottony at juvenile and old stages, respectively. Growth of 

the isolates covered the entire PDA cultured media (Ɵ 9 

cm) within 21 days after isolation. Meanwhile, when it was 

cultured in a V8 media, colony of the fungus covered the 

entire plate just within 10 days after isolation. Macroscopic 

observation revealed that hyphae of this fungus are non-

septate, branched, catenulate, corraloid, hyalin, smooth to 

rough, swollen, round to ovoid, and non-regular (Figure 

2.A-C). Globose chlamydospore was formed intercallarly 

(Figure 2.D). Several different types of sporangia were 

observed (Figure 3), i.e. globose (Figure 3.A, E-G), 

ellipsoid (Figure 3.B), ovoid (Figure 3.C), limoniform 

(Figure 3.D), and some distortic and asymmetric shape 

(Figure 3.H-J). Each sporangium type exhibited unique 

size, with an average of 15.00-28.12 µm x 9.37-15.75 µm 

(Table 1). 

Morphological characteristics of isolate from Oehala 

(Timor Tengah Selatan) observed in the present study were 

similar with identification key off Erwin and Ribeiro 

(1996). Therefore, it was concluded that the isolate was 

Phytophthora citrophthora. 

In contrast to phytophtora isolate, Diplodia sp. and/or 

Botryodiplodia sp. isolate showed a faster growth rate. The 

isolate covered the entire PDA media between 3 and 7 days 

after isolation. Aerial mycelium of the fungus was white at 

the beginning, but it turned to black greenish to grey from 4 

to 5 days. Interestingly, itturned to black in 10 days after 

inoculation. Macroscopically, the hyphae are septate; 

hyalin at the beginning, and then turned to brown (Figure 

4.A). The chlamydospore was formed intercallarly (Figure 

4.B, C). The pycnidia grew faster when it was cultured in a 

WA medium streaked with a piece of sterile rice straw (± 2 

weeks after isolation) (Figure 5.A) than that in a PDA 

medium (± 4 weeks after isolation). The pycnidia were 

formed in cluster inside stroma (Figure 5.B), with single 

conidiophores, and conidia produced inside the pycnidia. 

Conidia consisted of young conidia (Figure 5.C) and 

mature conidia (Figure 5.D), with the shape of them were 

ovoid and ellipsoid, respectively. Young conidia were 

hyaline, possessed a two layer wall, granular, and non-

septate while mature conidia were brown with one layer 

cell wall and possessed one septum that forms two cells. 

The conidia size varied from 18.75 to 31.87 µm in length, 

and 11.25 to18.75 µm in width, with an average length and 

width of 25.31 µm x 15.00 µm, respectively (Table 2). 

Results indicated that the observed fungi possessed 

characters which similar to the unique identity of 

Botryodiplodia theobromae Pat. Interestingly, B. 

theobromae (Pat.), also known as the synonym of 

Lasiodiplodia theobromae (Pat.) Griffon and Maubl. and 

Diplodia natalensis Pole-Evans, is the teleomorph of 

Botryosphaeria rhodina (Cooke) Arx) (Timmer et al. 

2000). 
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Molecular identification of the pathogens 

Molecular identification of the pathogens was carried 

out using PCR technique employing a pair of universal 

primers, ITS4 and ITS5. These primers amplified the ITS 

region of rDNA ineach of the collected isolates, i.e. 11 B. 

theobromae isolates from 11 locations and one P. 

citrophthora isolate from Oehala village (Timor Tengah 

Selatan, East Nusa Tenggara). PCR amplification product 

of B. theobromae isolates was ± 550 bp in size while that 

of P. citrophthora isolate was ± 700 bp (Figure 6). The 

employed primers were universal primers designed to 

amplify the small sub-unit 18S, the entire region of ITS4 

and ITS5, as well as 5,8S and some part of large sub-unit 

28S rDNA in many different fungal species (White et al. 

1990). Size of the PCR product matched to the expected 

size previously reported by other workers (Slippers et al. 

2005; Begoude et al. 2009; and Ippolito et al .2002). The 

different band size between PCR amplified fragment of B. 

theobromae and P. citrophthora was caused by size 

difference of rDNA ITS regions of the two fungal species. 

ITS is a low-conserved region in the fungal rDNA but 

another regions, i.e. the small sub-unit, 18S, 5,8S, and large 

sub-unit 28S and 5S are highly conserved region of fungal 

rDNA. These regions have high similar sequence among 

different organisms (Darmono et al. 2006). Despite the 

differences, identification with PCR technique should be 

still continued with a sequencing analysis to confirm the 

identity of the amplified fungal DNA. 
 

 

 

 

 

 

   

 

 

Figure 2. Morphological appearance of Hyphae, Mycelia, and Chlamydospore. A. Young hypha was hyalin not swollen yet, non-septate 

and branched; B. Corraloid mycelia; C. The swollen hypha; D. Intercallar form of the chlamydospore. Magnification of 400x 

 

 

 

 

 

 

 
 

 

Figure 3. Sporangia shape and papilla of P. citrophthora. A. Globose, semipapillate; B. Ellipsoid, semipapillate; C. Ovoid, non-

papillate; D. Limoniform, non-papillate; E-G. Globose, bipapillate; H-J. Distortic or asymmetric form; H-I. Papillate sporangium; J. 

Bilobed (2 apices), non-papillate. Magnification of 1200x. 
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Figure 4. Formation of hypha (A) and chlamydospore as intercallar (B, C) (400x magnitude) 

 

 

 

 

 
Figure 5. Morphology of pycnidia and the conidia of B. theobromae. A. The pyicnidia cluster in rice straw; B. Pycnidia (40x 

magnitude); C. Young conidia f released from pycnidia (100x magnitude); D. Mature conidia (400x magnitude) 

 

 

 

 

Table 1. Sporangia size of P. citrophthora observed under inverted microscopes 

 

Shape Size (µm) Average (µm) Ratio (l/w) 

Globose 15.00-18.75  15.75 1.00 

Ellipsoid 13.12-18.75 x 11.25-16.87 17.19 x 15.00 1.15 

Ovoid 26.25-30.00 x 9.37-13.12 28.12 x 11.25 2.50 

Limoniform 22.50 x 9.37  22.50 x 9.37 2.40 

Globose, bipapillate 15.00  15.00 1.00 

Globose, bipapillate  18.75 18.75 1.00 

Globose, bipapillate 15.00 15.00 1.00 

Distortic (asymetric) 22.50 x 15.00 22.50 x 15.00 1.50 

Distortic (asymetric) 18.75 x 15.00 18.75 x 15.00 1.25 

Distortic (asymetric) 26.25 x 18.75 26.25 x 18.75 1.40 

 

 

 
 

Table 2. Conidia size of Diplodia spp. and/or Botryodiplodia spp. 

 

Origin of isolate Size of conidia in vitro (µm) Average Ratio (l/w) 

Berastagi (Karo) 26.26-30.00 x 13.12-15.00 27.75 x 14.25 1.95 

Kampar 26.25-28.12 x 13.12-16.87 27.37 x 14.62 1.87 

Jambi 24.37-28.12 x 13.12-16.87 26.25 x 15.00 1.75 

Lampung 24.37-28.12 x 15.00-16.87 26.25 x 15.37 1.71 

Garut 26.25-30.00 x 15.00-16.87 27.75 x 16.12 1.72 

Jember 28.12-30.00 x 15.00-18.75 28.50 x 16.87 1.69 

Malang 22.50-26.25 x 13.12-15.00 24.75 x 14.25 1.74 

Kintamani 18.75-24.37 x 11.25-15.00 24.75 x 14.25 1.66 

Timor Tengah Selatan 18.75-26.25 x 11.25 22.50 x 11.25 2.00 

Banjarbaru 24.37-26.25 x 15.00 25.50 x 15.00 1.70 

Banjarmasin 28.12-31.87 x 15.00-18.75 29.62 x 16.50 1.79 

A B C 

A B C D 



HENUK et al. – Morphological and molecular characteristics of gummosis diseases 

 

1105 

 

 
 

Figure 6. PCR amplified regions of 11 B. theobromae and one P. 

citrophthora isolates using ITS4 and ITS5 universal primers. 1 kb 

marker (M), Berastagi (Karo) (BR), Kampar (KM), Muaro Jambi 

(MJ), Tulang Bawang Barat (TB), Garut (GR), Jember (JM), 

Batu-Malang (MG), Bangli (BG), Timor Tengah Selatan (TS), 

Banjarbaru (BB), Banjarmasin (BM) and P. citrophthora isolate 

from Timor Tengah Selatan (Pc) 

Sequencing analysis of PCR amplified regions 

Sequencing results of PCR amplified regions of 10 B. 

theobromae isolates are presented in Table 3. Nucleic acid 

sequence of these isolates was then subjected to BLASTN 

alignment to determine the identity of B. theobromae. 

BLASTN alignment indicated that sequences of the 10 

isolates had a high similarity (more than 90%, e-value 0.0) 

with B. rhodina and L. theobromae isolates (Table 4). 

Clavarie and Notredame (2003) proved that two genes or 

DNA fragments are homolog if 70% of the nucleotide 

sequence or 25% of amino acid sequence of those two 

genes or DNA fragments is identical to each other, with a 

minimal sequence length of 100. Based on BLASTN 

alignment results, it was confirmed that PCR products of 

the 10 isolates collected from infected citrus plants from 

different areas belonged to B. theobromae (synonym L. 

theobromae; teleomorph B. rhodina).This confirmed the 

results of morphological identification in this study. The 

nucleotide sequence of B. theobromae published in 

GenBank was that of its teleomorph name, i.e. B. rhodina 

and L. theobromae (synonym of B. theobromae). These 

published sequences of the isolate samples were mostly 

collected from sub-tropical countries in where the 

environmental condition might enable the pathogenic fungi 

forming its sexual phase (teleomorph). This sexual phase is 

very useful to survive instressful conditions including 

extremely high or low temperature, extreme drought, or in 

the absence of host plants. 

A phylogenetic analysis was then done by comparing 

the alignment results of nucleotide sequences of isolates 

and several isolates of Botryosphaeriaceae family (selected 

from GenBank) as references using ClustalW software 

(Table 5) (http://www.ebi.ac.uk). The alignment results 

were transferred to Mega version 4.0 (Tamura et al. 2007) 

to produce a final alignment to generate a phylogenetic 

tree. Alignment results revealed that the 10 isolates 

employed in this study had no similarity with another 

species group and the nine fungal isolates of 

Botryosphaeriaceae family selected from GenBank. 

However, each of 10 isolate samples shared a similarity of 

nucleotide sequences. This could be seen from the 

unconcentrated nucleotide columns.  

Results of phylogenetic analysis indicated that the 

isolates of B. theobromae from 10 different areas of citrus 

production in Indonesia were different and separated from 

10 different isolates selected from GenBank as shown in 

two different phylogenetic groups/clusters (Figure 7). 

Isolates from Indonesia were clustered in the first group 

while B. parva_Australia_citrus [EF173922.1], 

Sphaeropsis sapinea_North Sumatra-Indonesia_pine 

[AY253294.1], Lasiodiplodia sp._East Kalimantan-

Indonesia_meranti [AB297716.1], Lasiodiplodia 

sp._Malaysia_citrus [GU066721.1], L. 

theobromae_Malaysia_soursop [GU066603.1], B. 

rhodina_China_jackfruit [EU407235.1], Botryosphaeria 

sp._Malaysia_citrus [GU066640.1], L. 

theobromae_Taiwan_manggo [GQ502461.1] and L. 

pseudotheobromae_Suriname_citrus [EF622081.1] were 

clustered in the second group. Isolates from Indonesia 

alone were further sub-divided into two sub-groups. The 

first sub-group included Muaro Jambi, Jember dan 

Kampar, and the second sub-group included Bangli, Timor 

Tengah Selatan, Batu-Malang, Banjarbaru, Berastagi 

(Karo), Garut, and Tulang Bawang Barat. Results of matrix 

analysis revealed a high similarity among Indonesian 

isolates, with a score of >90%. However, when these 

isolates were compared with isolates from GenBank, the 

similarity score was very low (<50%). 
 

 
Table 3. Nucleotide sequence size of isolates of infected citrus plants employed in the present study 
 

Isolate Location Fragment size (bp) 

Botryodiplodia theobromae Berastagi (Karo, North Sumatra) 542 

B. theobromae Kampar (Riau) 602 

B. theobromae Muaro Jambi (Jambi) 537 

B. theobromae Tulang Bawang Barat (Lampung) 535 

B. theobromae Garut (West Java) 570 

B. theobromae Jember (East Java) 420 

B. theobromae Batu-Malang (East Java) 527 

B. theobromae Bangli (Bali) 559 

B. theobromae Timor Tengah Selatan (East Nusa Tenggara) 513 

B. theobromae Banjarbaru (South Kalimantan) 555 

B. theobromae Banjarmasin (South Kalimantan) -*) 

P. citrophthora Oehala (Timor Tengah Selatan, East Nusa Tenggara) -**) 

Note: *) Nucleotide data was not available due to a low DNA quality. **)No amplified PCR fragment due to a possible contamination 

from other fungi 
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Table 4. BLASTN analysis results of the sequence of the 10 isolates employed in this research with other sequences stored in Genbank 

 

Accession no. Species 
Accession 

origin 
Host % homology* Origin of isolate 

EU938329.1 B. rhodina Brazil Manggo (Mangifera indica) 100 Banjarbaru 

EU938329.1 B. rhodina Brazil Manggo (M. indica) 100 Bangli 

EU938329.1 B. rhodina Brazil Manggo (M. indica) 100 Berastagi (Karo) 

EU938329.1 B. rhodina Brazil Manggo (M. indica) 99 Tulang Bawang Barat 

FJ904838.1 L. theobromae Kenya Margosa (Azadirachta indica) 100 Muaro Jambi 

FJ904838.1 L. theobromae Kenya Margosa (A. indica) 99 Kampar 

EU938331.1 B. rhodina Brazil Manggo (M. indica)  100 Batu-Malang 

EU938332.1 B. rhodina Brazil Manggo (M. indica)  98 Timor Tengah Selatan 

GQ502460.1 L. theobromae Taiwan Manggo (M. indica)  100 Garut 

HM008598.1 L. theobromae Taiwan  Avocado (Persea americana) 99 Jember 

Note: *The accessions were selected based on the highest homological sequence 

 

 

 

Table 5. The list of nucleotide sequence of selected Family Botryosphaeriaceae used for phylogenetic analysis 

 

Out-group and  

Family Botryosphaeriaceae 
Accession no. 

Origin of accession 

(year) 
Host 

Fragment 

size (bp) 

Polymyxagraminis EU244488.1  Switzerland (2007) Wheat (Triticum aestivum) 610 

Lasiodiplodia sp. GU066721.1 Malaysia (2010) Citrus (Citrus spp.) 545 

Botryosphaeria parva EF173922.1  Australia (2007) Citrus (Citrus spp.) 515 

Botryosphaeria sp. GU066640.1  Malaysia (2009) Citrus (Citrus spp.) 548 

L. pseudotheobromae EF622081.1  Suriname (2008) Citrus (Citrus spp.) 542 

Lasiodiplodia sp. AB297716.1 Kaltim-Indonesia (2007) Meranti (Shoreasp.) 539 

Sphaeropsis sapinea AY253294.1 Sumut-Indonesia (2003) Pine (Pinussp.) 504 

B. rhodina EU407235.1  China (2008) Jackfruit (Artocarpusheterophyllus) 542 

L. theobromae GQ502461.1  Taiwan (2009) Manggo (M. indica) 533 

L. theobromae GU066603.1  Malaysia (2009) Soursop (Annona muricata) 545 

 

 

 

 

 

The grouping of B. theobromae isolates from 11 

locations in Indonesia might correlate with the origin of the 

seedlings. For example, in Kampar and Muaro Jambi 

production areas, the seedlings were obtained from Jember; 

in Banjarbaru, Berastagi (Karo) dan Tulang Bawang Barat, 

the seedlings were obtained from Garut; in Timor Tengah 

Selatan, the seedlings were obtained from Malang. 

However, in Bangli, seedlings were obtained from both 

surrounding areas and other seedlings came from outside 

Bangli. Different groups of isolates in Indonesia and 

GenBank indicated a possible evolution in a relatively short 

period. This might happen due to B. theobromae belongs to 

Deuteromycetes class, which might change its genetic 

characters resulting in a new race. Generally, the evolution 

and genetic changes depend on the generation period, 

number of reproduction unit in each generation, the 

mechanism of genetic variation, and the extreme pressure 

of fungal growth and development (Agrios 2005). Changes 

in pathogens can cause an increase or decrease of their 

pathogenicity. These changes can produce a new race, 

which may be more virulent and enable to attack the 

variety of resistant host in the future, or vice versa, it may 

become a new avirulent race (Sinaga 2006). 

In conclusion, 12 fungal isolates were successfully 

collected from 11 location of citrus central production in 

Indonesia included one Phytophthora isolate from Oehala 

village, Timor Tengah Selatan (East Nusa Tenggara) and 

11 Botryodiplodia isolates from Berastagi (Karo, North 

Sumatra), Kampar (Riau), Muaro Jambi (Jambi), Tulang 

Bawang Barat (Lampung), Garut (West Java), Jember and 

Malang (East Java), Bangli (Bali), Timor Tengah Selatan 

(East Nusa Tenggara), Banjarmasin and Banjarbaru (South 

Kalimantan). The morphological characterization and 

molecular analysis of fungal isolates triggering gummosis 

in the citrus samples was done using universal primers 

designed from DNA sequences obtained from internal 

transcribed spacer regions (ITS4 and ITS5). It showed that 

gummosis was mostly caused by Botryodiplodia 

theobromae Pat. (Teleomorph Botryosphaeria rhodina 

(Cooke) Arx.) and P. citrophthora. Result of phylogenetic 

analysis also indicated that the isolates of B. theobromae 

from 10 different citrus production areas in Indonesia were 

different and separated from the 10 different isolates 

selected from GenBank as shownin two distinguished 

phylogenetic groups/clusters. Isolates from Indonesia were 

clustered in the first group, which were further sub-divided 

into two sub-groups. The first sub-group included Muaro 

Jambi, Jember dan Kampar, and the second sub-group 

included Bangli, Timor Tengah Selatan, Batu-Malang, 

Banjarbaru, Berastagi (Karo), Garut, and Tulang Bawang 

Barat. Results of matrix analysis revealed a high similarity 

of nucleotide sequences among Indonesian isolates, with a 

score of >90%.  
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Figure 7.  Phylogenetic sequence of observed samples of B. theobromae isolates compared to that of several different 

Botryosphaeriaceae family infecting other host plants from different regions in Asia. BP Australia jeruk (Botryosphaeria parva from 

citrus spp.), SS Sumut pinus (Sphaeropsis sapineafrom Pinus sp.), L Kaltim Meranti (Lasiodiplodia sp. from Shorea sp.), L Malaysia 

jeruk (Lasiodiplodia sp. from Citrus spp.), LT Malaysia sirsak (Lasiodiplodia theobromae from Annona muricata), BR China 

Artocarpus (Botryosphaeria rhodina from Artocarpusheterophyllus), B Malaysia jeruk (Botryosphaeria sp. from Citrus spp.), LT 

Taiwan mangga (Lasiodiplodia theobromae from Mangifera indica), and LP Suriname jeruk (Lasiodiplodia pseudotheobromae from 

Citrus spp.). Polymyxa graminis from Wheat (Triticum aestivum) with an accession number EU244488.1 was used as out-group. The 

numbers on the branches show the confidence level of the branch separation 
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Abstract. Manurung J, Siregar IZ, Kusmana C, Dwiyanti FG. 2017. Genetic variation of the mangrove species Avicennia marina in
heavy metal polluted estuaries of Cilegon Industrial Area, Indonesia. Biodiversitas 18: 1109-1115. Mangrove forests are often facing
various anthropogenic disturbances, particularly in the industrial area. However, information on the status of industrial heavy metal
pollution and its impact on the genetic variation of mangrove species, such as Avicennia marina, particularly in Indonesian industrial
area has not been assessed. In this study, the classification of heavy metals in two estuaries of Cilegon Industrial Area (Pelabuhan Warna
Sari and Krakatau) and one estuary outside Cilegon Industrial Area (Pulau Sangiang) were determined by Sediment Quality Guidelines-
States Environment Protection Agency (SQGs-USEPA). Furthermore, the genetic diversity of 72 individuals of A. marina in the three
estuaries were examined using four microsatellite loci (M3, M64, M81 and M98). The results showed that Krakatau area was the heavily
polluted estuary based on SQGs-USEPA and have a lower genetic variation (He= 0.54) than Pelabuhan Warna Sari (moderately
polluted, He= 0.56) and Pulau Sangiang (non-polluted, He= 0.60) suggesting a notable of deficiencies of genetic variation of A. marina
in heavy polluted estuary compared to moderately and non-polluted estuary. Considering the low level of genetic variation in heavily
polluted area, transplantation among estuaries and introduction of propagules from non-polluted estuary or other regions are needed as
one of the conservation efforts.

Keywords: Avicennia marina, estuary, genetic variation, heavy metal, industrial area

INTRODUCTION

Heavy metal pollution is one of the most worldwide
environmental problems that cause toxicity to organisms at
various levels of the tropic (Wang et al. 2010). In the case
of plant, toxicity of heavy metal pollution accompanied by
its physical disturbance can influence plant survivorship,
recruitment, reproductive success, mutation rates, and
migration and consequently affect the genetic diversity of
exposed populations (Deng at al. 2007). However, green
plants through their various mechanisms have an enormous
ability also to absorb pollutants from the environment and
accomplish their detoxification (Ali et al. 2013), by
involving their intricate mechanism in gene regulatory
system (Grativol et al. 2012), which known as
hyperaccumulator. Some of them are potential for the
phytoremediation of heavy metal-contaminated land
(Pulford and Watson 2003).

Residual of industrial and urban are discharged through
rivers that eventually reach the mangrove forests and cause
negative impacts on the presence of organisms and quality
of the environment (Oliveira et al. 2014). At the same time,
mangrove ecosystem has a vital role in the marine
ecosystem in relation to nutrient cycling, absorption of
pollution, coastal zone protection from natural disasters,

increasing productivity and diversity of organisms
(Kathiresan and Bingham 2001) and can be used as
indicator of coastal change (Blasco et al. 1996). Avicennia
marina is ecologically important mangrove pioneer species
widespread in the subtropical and tropical regions in
various types of tidal and wide range of salinity tolerance
and temperature (Duke 1991), its roots have the ability to
withstand sediment (Noor et al. 2006) and has unique
ecophysiological response to trace metal contamination
(Naidoo et al. 2013). Recently, this species has been
reported as potential metal bioaccumulator (Parvaresh et al.
2011; Usman et al. 2013; Chaudhuri et al. 2014). Another
investigation also reveals that Avicennia sp. is the most
tolerant species respects to heavy metal compared to other
mangrove species due to bioaccumulation potential (Maiti
and Chowdhury 2013).

Studies on the industrial waste of various heavy metals
accumulated in the sediments of mangrove forests in
various countries have been widely investigated. The
toxicity, growth and accumulation relationship of heavy
metal pollution to A. marina in the contaminated
environment (sediment) has been previously investigated
(MacFarlane 2002; MacFarlane and Burchett 2002;
MacFarlane et al. 2003; Usman et al. 2013). In those
studies, sediment quality criteria were evaluated by the
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United State Environmental Protection Agency (USEPA),
which has been used worldwide (Burton 2002) and
Sediment Quality Guidelines (SQGs) have been used as a
reference in determining the level of contamination on the
location of the research that has been previously applied by
Luo et al. (2010) and Usman et al. (2013). The study on
sediment characteristics, metal levels, tree attributes, leaf
morphology and genetic variation using isozyme in A.
marina in three estuaries of Sydney (Australia) has also
been investigated (Melville and Burchett 2002). However,
a study on the genetic diversity of A. marina particularly
distinguished as potential metal bioaccumulator in
sediment contaminated heavy metals by industrial activities
in Indonesia is still not yet carried out. Therefore, the aims
of present study were (i) to classify the level of pollution of
various heavy metals in sediments of mangrove forests in
Cilegon Industrial Area, Indonesia based on SQGs
standard, and (ii) to assess genetic diversity of mangrove
species, A. marina in the most industrialized area of
Indonesia. It is expected that the results of this research
will be useful for determining policy and species
conservation strategies and rehabilitation of mangrove in
specific areas contaminated by heavy metals.

MATERIALS AND METHODS

Study area
The research was conducted from October 2014 to

April 2015. Sediments and leaf samples were collected
from three natural mangrove forests in Banten province,
Indonesia (Figure 1). The two sites were located in Cilegon
Industrial Estate of Indonesia and close to industrial
activities, which considered as polluted mangrove forest by
heavy metal, namely Krakatau (5°59'48.4" S - 105º59'0.4"
E) and Pelabuhan Warna Sari (Pelabuhan WS) (5º59'4.9" S
- 105°59'25" E). Whereas, one site was located outside
Cilegon Industrial Estate of Indonesia and far away from
industrial activities, which chosen as the non-polluted
mangrove forest, namely Pulau Sangiang (5°57'40.9" S -
105°51'11.2" E). The sample of sediment was analyzed in
the Laboratory of Soil Research Institute, Cimanggu
Bogor, West Java, Indonesia, while DNA analysis was
carried out in Laboratory of Forest Genetics and Molecular
Forestry, Department of Silviculture, Faculty of Forestry,
Bogor Agricultural University (IPB), Bogor, West Java,
Indonesia.

Figure 1. Sampling location of A. marina in Banten Province, Indonesia
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Procedures
Sediment heavy metals analysis

The collected sediments from surface of three sites
were sampled randomly at a depth of 0-15 cm with more
than 10 composite samples of at least 1 kg of each site
following to Usman et al. (2013) with some modification.
The total content of 16 heavy metals (Pb, Cu, Zn, Cr, Ni,
As, Cd, Ag, Se, Sn, Co, No, Fe, Al, Mn, and B) in sediment
was digested by Atomic Absorption Spectrometer (AAS)
method with extraction using HNO3 and HClO4 (Eviati and
Sulaiman 2009). The classification of each heavy metal
determined by SQGs-USEPA that has been developed
around the world (Luo et al. 2010; Usman et al. 2013).

DNA extraction and microsatellite genotyping
The 24 individuals fresh leaves of A. marina were

randomly collected from the regeneration trees at each
estuary for genetic analysis. In total, 72 individuals were
used in this study. Total genomic DNA was extracted using
modified CTAB method (Doyle and Doyle 1990) and
visualized in 1 % of Agarose gel electrophoresis (Weising
et al. 2005; Doyle and Doyle 1990).

Four microsatellite loci (M3, M64, M81, and M98)
developed for A. marina by Maguire et al. (2000a) were
used in this study to characterize the genetic diversity.
Polymerase Chain Reaction (PCR) was performed with a
14 µL reaction volume containing 2 µL Nuclease-Free
Water, 2 µL of each Forward and Reverse primer and 8 µL
GoTaq® Green Master Mix 2X using AB Applied Biosystem
VerityTM Thermal Cycler
(https://www.appliedbiosystem.com). Electrophoresis for
examining PCR products was performed using EC3000P
series 90 programmable vertical electrophoresis unit,
following the procedure described by Wang et al. (2009).
The 1 % Polyacrylamide gel was stained with silver nitrate
stain and photographed under a UV transilluminator in
order to visualized PCR products (Creste et al. 2001;
Benbouza et al. 2006).

Data analysis
The GPS coordinates of three estuaries were analyzed

using ArcGIS 10. While, the genetic data analysis was
based on the scoring results of the DNA bands in the
polyacrylamide gel. Then, basic statistics of genetic
diversity, including number of allele (Na), effective number
of allele (Ne), percentage locus of proportion of
polymorphic loci (P), observed heterozygosity (HO),
expected heterozygosity (He) and fixation index (F), were
calculated using PopGene 32 Version 1.31 (Yeh et al. 1999).
F-statistics (Fis, Fit and Fst) by Hartl and Clark (1989) were
estimated using PopGene 32 Version 1.31 (Yeh et al.
1999). Analysis of Molecular Variance (AMOVA) that
showed alleles distribution in each locus, within and among
population, were calculated using GenAlex Version 6.5
(Blyton and Flanagan 2006).

Nei’s genetic distances (Nei 1978) were used to
construct UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) dendrogram, which showed the
population clustering based on genetic distance (Hartati et
al. 2007) associated with geographic distance, using NTSys

version 2.0 (Rohlf 2008).

RESULTS AND DISCUSSION

Total concentration of heavy metals in sediments and
Sediment Quality Guidelines (SQGs)

The present study revealed that 9 of 16 heavy metals
analyzed, i.e. Pb, Cu, Zn, Cr, Mo, Fe, Al, Mn, and B were
found in sediments of three estuaries, with Copper (Cu)
becomes the most metals that contaminate the three
locations (Table 1). The certain source of Cu that
contaminated these region is still unknown because
industries discharge their waste to the same estuary namely
Cilegon Industrial Area.

Two of 16 heavy metals found at one or two estuaries
only, such as, Tin (Sn) in Krakatau and Cobalt (Co) in
Pulau Sangiang and Pelabuhan WS. Whereas, other five
pollutants (Cd, Ni, As, Ag, Se) were not detectable in all
estuaries with their detection limit (data not published).
However, a standard guideline for other metal
contaminants (Sn, Mo, Fe, Al, and B) need to be developed
for future investigation of determining pollution level.

Among the studied sites, the highest concentration of
Pb (59 mg kg-1), Cu (105 mg kg-1), Zn (791 mg kg-1), Cr
(69 mg kg-1), Fe (7.38 mg kg-1) and Mn (0.09 mg kg-1)
were found in Krakatau indicated that this area was the
most polluted area. Other than that, the concentration of Cu
and Zn in Krakatau area were in excess of SQG indicating
heavily polluted category, while the concentration of Pb
and Cr were in the range of moderately polluted category
(Table 1). In addition, Krakatau was the only site where Zn
was found.

Sediments in Pelabuhan WS were heavily polluted by
Cu (60 mg kg-1) and moderately polluted by Zn (90 mg kg-

1) (Table 1). Therefore, Pelabuhan WS was considered as a
moderately polluted estuary. Whereas, sediments in Pulau
Sangiang was a moderately polluted area by Cu (46 mg kg-

1) and not polluted by other heavy metals observed in this
study based on SQGs category suggested the light
contaminant loads from industrial contribution have
occurred in Pulau Sangiang. Furthermore, Pulau Sangiang
was considered as a non-polluted estuary.

Population genetic variation of A. marina
The genetic diversity parameters are shown in Table 2.

There were 14 alleles detected at four loci among 72
individuals sampled. The mean number of alleles (Na) per
locus ranged from 2.50 to 3.25, with a mean value of 2.92
per locus (Table 2). The proportion of polymorphic loci (P)
was 1.00 in every population. Overall populations, average
observed (Ho) and expected heterozygosity (He) values
were 0.90 and 0.56 respectively. At the population level,
the mean observed heterozygosity (Ho) of Pulau Sangiang,
Pelabuhan WS and Krakatau were 0.92, 0.98, and 0.80,
respectively. The highest mean of expected heterozygosity
(He=0.60) was found in the non-polluted estuary, Pulau
Sangiang (He=0.56), followed by moderately polluted area,
Pelabuhan WS and the lowest (He=0.54) was found in the
most polluted area, Krakatau (Table 2).
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Table 1. Total concentration of heavy metal and classification of
samples based on SQGs in collected samples of mangrove sediments

Heavy
metals
(mg kg-1)

Location Standard Quality
Guidelines (SQGs*)

Pulau
Sangiang

Pelabu-
han WS

Kraka-
tau

SQG
non-

polluted

SQG
moderately

polluted

SQG
heavy

polluted
Pb 4 18 59 <40 40-60 >60
Cu 46 60 105 <25 25-50 >50
Zn 63 90 791 <90 90-200 >200
Cr 6 14 69 <25 25-75 >75
Ni nd nd nd <20 20-50 >50
As nd nd nd <3 03-08 >8
Cd nd nd nd - - >6
Ag nd nd nd
Se nd nd nd
Sn nd nd 108
Co 2 5 nd
Mo 45 40 35
Fe 1.94 3.8 7.38
Al 4.13 8.79 8.4
Mn 0.02 0.05 0.09
B 15 26 20
Note: *SQGs from Luo et al. (2010) and Usman et al. (2013), nd:
not detectable (detection limit 0.11 g kg-1).

Table 2. Summary of genetic diversity parameters in three
populations of A. marina

Populations N Na Ne P Ho He F
Pulau
Sangiang

24 3.25 2.73 1.00 0.92 0.60 -0.59

Pelabuhan
WS

24 3.00 2.31 1.00 0.98 0.56 -0.78

Krakatau 24 2.50 2.18 1.00 0.80 0.54 -0.50
Mean 2.92 2.41 1.00 0.90 0.56 -0.63
SE 0.29 0.21 0.00 0.06 0.03 0.12
Note: Number of samples (N), mean number of alleles (Na), mean
effective number of alleles (Ne), proportion of polymorphic loci
(P), mean observed heterozygosity (Ho), mean expected
heterozygosity (He), mean fixation index (F), and standard error
(SE) for the four loci in three populations of A. marina.

Table 3. Summary of F-statistics values for each locus across
three populations of A. marina

F-statistics M3 M64 M81 M98 Mean SE
Fis -0.677 -0.780 -0.157 -0.924 -0.635 0.167
Fit -0.516 -0.767 -0.031 -0.920 -0.558 0.195
Fst 0.096 0.007 0.109 0.002 0.054 0.028

Note: deficiency of heterozygosity relative to the Hardy-
Weinberg expectation (Fis), the overall inbreeding coefficient (Fit),
differentiation among populations (Fst), and standard error (SE).

Table 4. Genetic distance and geographic distance

Geographic
Genetic

Pulau
Sangiang

Pelabuhan
WS Krakatau

Pulau Sangiang 15.40 14.9
Pelabuhan WS 0.161 1.53
Krakatau 0.125 0.117

Figure 2. UPGMA Dendrogram of three populations of A.marina

Population genetic differentiation of A. marina
The genetic differentiation of A. marina in three

estuaries was analyzed using F-statistics (Table 3). The
inbreeding index (Fis) values were negative in all loci and
ranged from -0.157 (locus M81) to -0.924 (locus M98),
with a mean number of Fis was -0.635. The inbreeding
coefficient (Fit) values were also negative in all loci and
ranged from -0.031 (locus M81) to -0.920 (locus M98),
with a mean Fit value, was -0.558. Furthermore, the value
of genetic differentiation among populations (Fst) ranged
from 0.002 (M98) to 0.109 (M81), with a mean number of
Fst was 0.054.

AMOVA based on allelic distance matrix for F-statistic
analysis in all populations showed that value of Fst, Fis and
Fit were 0.082, -0.589, and -0.459, respectively. Fst mean
value in all loci and in all population were interpreted have
moderate genetic differentiation. Percentage of genetic
variation from molecular variance showed that each
individual in all populations that the highest variation was
within the individual (95%), while among populations was
5% and there was no variation among individual (0%).

Relationship between genetic and geographical distance
in A. marina

Microsatellite analysis of the population in three
estuaries assessed to confirm that geographic distance
between the estuaries is of consecutive gene exchange in
this species (Table 4). Table 4 showed that the largest
genetic distance (0.161) was between moderately polluted
estuary (Pelabuhan WS) and non-polluted estuary (Pulau
Sangiang) and the smallest distance (0.117) was between
heavy polluted estuary (Krakatau) and moderately polluted
(Pelabuhan WS).

Thus, the genetic distances of A. marina populations
were concordant with geographical coastal distances in this
study. This pattern is also supported by the UPGMA
dendrogram, which showed that heavy polluted estuary
(Krakatau) and moderately polluted (Pelabuhan WS) were
in the same cluster, apart from non-polluted estuary (Pulau
Sangiang) (Figure 2).

Discussion
The excess concentration of copper (Cu) and Zinc (Zn)

and moderate concentration of Lead (Pb) and Chromium
(Cr) based on SQG category in Krakatau compared with
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other studied sites suggested that strong contaminant loads
from industrial contribution have occurred in Krakatau, as
this site is directly located at the mouth of stormwater
discharge points. Therefore, Krakatau was considered as a
heavily polluted estuary. Nath et al. (2014) also reported
that the occurrence of strong metal concentration in most
embayment is due to a dominant stormwater source of
metal derived from residential land use and road surfaces.
Furthermore, the widely occupied by Cu and moderate
contaminant loads from industrial contribution in
Pelabuhan WS indicated that this site was a moderately
polluted estuary. Whereas, the moderately polluted by Cu
and not polluted by other heavy metals in Pulau Sangiang
based on SQGs category indicated that this site was a non-
polluted estuary. There was some evidence that pollution
factors such as sediment metal levels may be among
significant local selection pressures in the different
estuaries (Melville and Burchett 2002), and significant
decreases in total biomass, number of leaves and plant
height in A. marina (Naidoo et al. 2013). In the present
study, although the very high concentration of Cu, Zn and
Sn (Table 1) were found in one of three estuaries
(Krakatau), there were no significant differences with
leaves characteristic of A. marina in this location compared
to other estuaries which were moderately polluted
(Pelabuhan WS) and non-polluted (Pulau Sangiang)
estuaries (Manurung 2015). This pattern indicated that
sediment analysis could not reveal the effects of heavy
metal pollution on the morphological characteristics of A.
marina. Therefore, molecular approach to investigate the
effects of heavy metal stress in this species is needed in this
study, given that this approach is more reliable tools, which
can also be used on conservation genetics implication.

Genetic variation among and within three populations
of A. Marina was successfully revealed using four
polymorphic microsatellite loci, given that microsatellite
marker detected more genetic differentiation and was
considerably more variable than AFLPs (Maguire et al.
2002) and RAPD marker (Hazarika et al. 2013). Overall
populations showed that genetic diversity of A. marina,
which indicated by average observed (Ho) and expected
heterozygosity (He) values in this study were higher than
genetic diversity of A. germinans in Colombian Caribean
(Leiva et al. 2009) suggesting that the genetic diversity in
the present study was comparable with another Avicennia
species. Meanwhile, at the population level, the highest
genetic diversity was found in the non-polluted estuary,
Pulau Sangiang, followed by moderately polluted area,
Pelabuhan WS, and the lowest was found in most polluted
area, Krakatau suggesting that the reduction of genetic
diversity occurred from the non-polluted estuary to the
most polluted estuary. This pattern also revealed that the
levels of genetic diversity of A. marina studied here have
been influenced by the heavy metals pollution. The
reduction of genetic variation in heavy polluted area in the
present study was also found in hyperaccumulator plant
such as Sedum alfredii using RAPD marker (Deng et al.
2007) and Deschampsia cespitosa using ISSR and
microsatellite marker (Gervais and Nkongolo 2011).

However, the results of present study was contrary to the
study of Silene paradoxa L. using RAPD marker (Mengoni
at al. 2000), which reported that genetic diversity of the
uncontaminated population was the same as that of the
contaminated population and the study of Prosopis juliflora
using ISSR (Sharma at al. 2013), which reported that the
reduction of genetic diversity was found in lowest
contaminated population.

In the present study, F–statistics showed the presence
of the high heterozygous excess in three A. marina
populations (Fis = -0.635) and a low level of genetic
differentiation among populations of A. marina (Fst =
0.054). This pattern may be due to environmental and
ecological factors, particularly past sea level and climatic
changes (Maguire et al. 2000b). Meanwhile, the largest
genetic distance was between moderately polluted estuary
(Pelabuhan WS) and non-polluted estuary (Pulau Sangiang)
and the smallest distance was between heavy polluted
estuary (Krakatau) and moderately polluted (Pelabuhan
WS). The small genetic distance between Krakatau and
Pelabuhan WS was expected since the distance between
Krakatau and Pelabuhan WS is only 1.5 km apart. Other
than that, the phase of dispersal in the life history of A.
marina is relatively short due to cryptoviviparous
propagules, which is contain a well-developed embryo
(Clarke 1993). This genetic distance pattern was also
supported by the UPGMA dendrogram, which showed that
heavy polluted estuary (Krakatau) and moderately polluted
(Pelabuhan WS) were in the same cluster, apart from non-
polluted estuary (Pulau Sangiang). This pattern indicated
that microsatellite analysis of the population in three
estuaries assessed to confirm that geographic distance
between the estuaries was of consecutive gene exchange in
this species. Geographic distances correspond to gene flow
and dispersal potential of propagules for widespread
mangrove species (Duke et al. 1998), and influence the
limitations in genetic difference of A. marina (Melville and
Burchett 2002).

This study successfully revealed genetic variation and
distance of mangrove species A. marina in three estuaries
with the different level of heavy metal pollution. Genetic
variations corresponded with level of pollution.
Deficiencies of genetic variation were occurred in heavy
polluted estuary compared to moderately polluted and non-
polluted estuaries. The genetic distances of A. marina
populations corresponded with geographical coastal
distances, which the largest genetic distance was between
moderately polluted estuary and non-polluted estuary and
the smallest genetic distance was between heavily polluted
estuary and moderately polluted estuary. In order to
increase the genetic variation in the heavy polluted estuary,
future transplantation plans should introduce propagules or
saplings from non-polluted estuary or other regions, which
having the different genetic structure. Additional works
with a wide variety of mangrove species and development
of other heavy metals assessment standard are
recommended for a more comprehensive understanding of
mangrove plant as phytoremediation.
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Abstract. Vogel HF, Bernardon MM, Zawadzki CH. 2017. Distribution of Cichlopsis leucogenys (Aves: Turdidae) in Brazil and its 
relation to protected areas. Biodiversitas 18: 1116-1121. The Rufous-brown Solitaire (Cichlopsis leucogenys Cabanis, 1851) is 
endangered in Brazil, and the demarcation of priority areas is needed for its in situ conservation. Accordingly, we reviewed the 
distribution of C. leucogenys and assessed its association with protected areas (PAs) by analyzing 70 occurrence records from 1942 to 
2014 that were collected from online datasets. Of these records, 38 (54.4%) were from Bahia State, 27 (38.5%) were from Espírito Santo 
State, and five (7.1%) were from Minas Gerais State, and the Biological Reserve Augusto Ruschi (Espírito Santo State), State Park Serra 
do Conduru (Bahia State), and Serra do Ouro Environmental Protected Area (Bahia) were identified as key PAs. One record described 
an observation of the species at 45 m above sea level, which is lower than expected. We verified the potential occurrence of the species 
in 31 PAs that were located in southern Bahia to the mountains in both Espírito Santo and Minas Gerais. The Ilhéus-Itabuna region 
should be given special attention during conservation efforts, owing to records of species presence outside PAs, which should also be 
considered by management plans. 

Keywords: Atlantic Forest, Neotropical birds, Passeriformes, Thrushes 

INTRODUCTION 

The Turdidae (i.e., thrushes) is a cosmopolitan family 
of passerine birds that comprises 177 species, including 34 
that are globally threaten and four that have possibly been 
extinct since the 1600s (Collar 2017). In general, thrushes 
are relatively uniform in shape, exhibit relatively little 
variation in size (Sclater 1861; Vogel et al. 2012), occupy 
forested and semi-forested habitats, and play important 
roles in seed dispersal (Gasperin and Pizo 2009). In 
addition, even though thrush species respond differently to 
landscape changes, they generally benefit from recurrent 
environmental disturbance (Vogel 2012). However, some 
species have been negatively affected by anthropogenic 
landscape changes and have suffered declines in population 
sizes (Peach et al. 2004). In South America, most thrush 
species are less susceptible than other Brazilians thrushes 
to environmental changes. Of the 19 species that occur in 
Brazil (Piacentini et al. 2015), only the Rufous-brown 
Solitaire (Cichlopsis leucogenys Cabanis, 1851) is highly 
sensitive to habitat changes. However, the species remains 
poorly studied (Vogel et al. 2013).  

The Rufous-brown Solitaire comprises four known 
subspecies, including C. l. peruviana in Peru, C. l. chubby 
in southeast Colombia and northwest Ecuador, C. l. gularis 
in southeast Venezuela and Guiana, and C. l. leucogenys in 
Brazil (Chapman 1924), where it is endangered at the 
national level (Silveira and Straube 2008; MMA 2014). 
Indeed, there are few records of C. l. leucogenys in Brazil, 

and these are also restricted to the states of Espírito Santo, 
Minas Gerais, and Bahia. In this area, the subspecies occurs 
in both primary- and advanced second-growth forests in a 
narrow area of the Atlantic Forest (Sick 1997; Clement and 
Hathway 2000; Machado et al. 2005; Nascimento and 
Campos 2011). However, intense fragmentation of the 
Atlantic Forest is causing the decline of the subspecies 
(Stotz et al. 1996). The Atlantic Forest originally occupied 
15% of Brazilian territory (1,363,000 km²), ranging from 
Rio Grande do Sul State to Piauí, along the Atlantic coast 
(Lagos and Muller 2007), and the biome represents one of 
the 34 global biodiversity hotspots, owing to its high level 
of endemism and large number of threatened species 
(Myers et al. 2000). However, the Atlantic Forest has been 
reduced to 7-8% of its original distribution, and 80% of the 
remaining area exists as fragments of <50 hectares (Ribeiro 
et al. 2009; Tabarelli et al. 2010).  

In fact, the total population of this subspecies does not 
exceed 2500 mature individuals, and the population 
continues to decline, as a result of habitat loss, since the 
species depends on preserved forest (MMA 2014). 
Therefore, to conserve the Rufous-brown Solitaire, it is 
essential to establish priority areas for conservation and 
management plans. Accordingly, the present study aimed 
to (i) obtain data on the geographic distribution of C. l. 
leucogenys in Brazil, (ii) assess the immediate importance 
of protected areas (PAs) to conservationist efforts, and (iii) 
explore the ecology of the species, such as its altitudinal 
distribution and ecoregion preference.  
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MATERIALS AND METHODS 

Occurrence data 
A list of Cichlopsis l. leucogenys records from up until 

December 2014 was obtained from the following 
databases: (i) Xeno-canto [www.xeno-canto.org]; (ii) Wiki 
Aves [www.wikiaves.com.br]; (iii) Species Link 
[www.splink.org.br], which was used particularly to search 
for records in museums; (iv) Ebird [www.ebird.org]; and 
(v) Taxeus [www.taxeus.com.br]. Only records with 
precise location information, up to the municipality level, 
were considered. Care was also taken to avoid collecting 
duplicate data records.  

Data analyses 
The potential extent of occurrence was estimated using 

the Minimum Convex Polygon (MCP) method to draw the 
smallest polygon possible, without assuming concavities 
(Odum and Kuenzler 1955). This method allows to 
estimate the extent of occurrence based on records of 
known extremes of the species’ distribution. The 
occurrence records were plotted considering the limits of 
the Atlantic Forest Protected Areas (MMA 2010; ICMBIO 
2014) and to detail the distribution, the records were 
specialized on Brazil's Atlantic Rainforest ecoregions 
according to Olson et al. (2001). The polygon of the 
species’ original expected distribution was based on that 
described by BirdLife International and NatureServe 
(2015). 

We classified priority areas for the conservation of C. l. 
leucogenys, as follows: (1) PAs containing confirmed 
records of the species; (2) PAs with potential records, as 
the location of occurrence was restricted to the 
municipality but with a buffer distance up to 20 km of each 
PA. A buffer distance of 20 km was considered to be the 
maximum dispersive movement that the species could 
reach, based on dispersion data of the wood thrush 
(Hylocichla mustelina Gmelin, 1789; Lang et al. 2002), 
which is a phylogenetically related species (Klicka et al. 
2004).  

RESULTS AND DISCUSSION 

Results  
Seventy observation records (Table 1) that were 

recorded over a 72-year period from 1942 to 2014 (~0.98 
records per year) were obtained (Appendix 1). Most 
records (54.4%) were from Bahia State, whereas 38.5% 
and 7.1% were from Espírito Santo and Minas Gerais 
states, respectively. The extreme records obtained from the 
southern areas were from the municipality of Santa Teresa, 
Espírito Santo State, whereas the extreme records obtained 
from the northern areas were from the municipality of Boa 
Nova, Bahia State (Figure 1). The total extent of the MCP 
was 43,420 km², which corresponds to 42.4% of the known 
extent of the species’ distribution, and 55 records (78.57%) 

were found in the Bahia Coast Forests ecoregion and 15 
(21.43%) were found in Bahia Interior Forests.  

The altitudinal distribution of the species was 
458.2 ± 266.7 m above sea level (n = 70), with 75% of the 
records below 725 m and extreme records at 45 and 837 m. 
A total of 31 PAs possessed confirmed (n = 3) or presumed 
(n = 28) C. l. leucogenys populations (Figure 2), with 
occurrence, confirmed in the Biological Reserve Augusto 
Ruschi, State Park Serra do Conduru, and Serra do Ouro 
Environmental PA. Of all the occurrence records, 25.9% 
were from Natural Heritage Private Reserves.  

Discussion  
Records were found to have been documented at a rate 

of <1 per year, which is a direct indication of the rarity of 
Cichlopsis l. leucogenys (Collar 2017), and the species’ 
rarity is also corroborated by the paucity of records in the 
literature (e.g., Simon 2000; Silveira et al. 2005). Widening 
the area of C. l. leucogenys occurrence in the city of Boa 
Nova (Bahia), as highlighted in the present study, has been 
reported previously (Albano 2013), although the record did 
not note its biogeographical importance. Similarly, the 
distribution of C. l. gularis was also widened recently, up 
to Suriname (Zyskowski et al. 2011). This demonstrates 
that the distribution of the Rufous-brown Solitaire is 
incompletely understood. The MCP indicated that less than 
half (42.4%) of the potentially inhabitable area contains 
records, and the records were restricted to only nine 
localities. In Brazil, part of the distribution gap arises from 
a lack of records from northern and northeastern Espírito 
Santo State, as well as from the extreme south of Bahia 
State. The biome in this region, which is called the Atlantic 
Forest Central Corridor, has suffered intense fragmentation, 
mainly due to the impact of Theobroma cacao L. (Cocoa) 
cultivation, extensive cattle breeding, and forestry 
(Schiavetti et al. 2012). 

The mean altitudinal distribution observed for C. l. 
leucogenys in the present study was similar to that of 
previous studies (Zyskowski et al. 2011), which suggests 
that the species is less dependent on mountain 
environments than was previously assumed. The 
occurrence recorded at 45 m above sea level probably 
represents an outlier, possibly a vagrant, since the species 
generally occurs in high-altitude environments (Mee et al. 
2002). However, future records could confirm that 
consistent populations occur at lower altitudes, as well, 
which would be important, since conservation efforts are 
primarily directed toward Atlantic Forest PAs in coastal 
mountains. 

In Espírito Santo State, specifically in the Santa Teresa, 
Fundão, and Aracruz municipalities, C. l. leucogenys has 
been confirmed to occur in the Biological Reserve Augusto 
Ruschi, and presumed to occur in the Biological Reserve 
Santa Lúcia, São Lourenço Municipal Natural Park, and 
Environmental Protected Area Pico-do-Goiapaba-Açu 
(Table 1).  
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Table 1. List of protected areas (PAs) that are potentially inhabited by the Rufous-brown Solitaire (Cichlopsis l.leucogenys). The tags 
(+) and (-) represent species presence and absence, respectively. Record types: (C) confirmed and (P) presumed. 
 
Category* Name of the Location Records
IUCN SNUC PA City State C P
V APA Pico do Goiapaba-Açu Fundão and Santa Teresa Espírito Santo - +
V APA Lagoa Encantada and Rio 

Almada 
Ilhéus, Uruçuca, Itajuípe, Coaraci and Almadina Bahia - + 

V APA Costa de Itacaré/Serra Grande Uruçuca and Itacaré Bahia - +
V APA Baía do Camamu Camamu, Maraú and Itacaré Bahia - +
V APA Pratigi Nilo Peçanha, Ituberá, Igrapiúna, Piraí do Norte and 

Ibirapitanga 
Bahia - + 

V APA Ilhas de Tinharé and Boipeba Cairú Bahia - +
V APA Caminhos Ecológicos da Boa 

Esperança 
Ubaíra, Jiquiriça, Teolândia, Wenceslau, Guimarães, 
Nilo Peçanha, Taperoá, Cairú and Valença 

Bahia - + 

V APA Serra do Ouro Iguaí Bahia + +
 EB Santa Lúcia Santa Teresa Espírito Santo - +
II PE Alto do Cariri Santa Maria do Salto and Salto da Divisa Minas Gerais - +
II PN Serra das Lontras Arataca and Una Bahia - +
 PN Serra do Conduru Itacaré, Ilhéus and Uruçuca Bahia + -
II PN Do Alto Cariri Guaratinga Bahia - +
II PN Boa Nova Boa Nova, Manoel Vitorino and Dario Meira Bahia - +
II PNM Pico do Goiapaba-Açu Fundão and Santa Teresa Espírito Santo - +
II PNM Aricanga Waldemar Devens Aracruz Espírito Santo - +
II PNM São Lourenço Santa Teresa Espírito Santo - +
II PNM Horto Florestal Santa Maria de Jetibá Espírito Santo - +
Ia RB Augusto Ruschi Santa Teresa Espírito Santo + +
VI RDS Piraquê-Açu e Pirâque-Mirim Aracruz Espírito Santo - +
IV RPPN Guanandi Ilhéus Bahia - +
IV RPPN Canto do Senhor Uruçuca Bahia - +
IV RPPN Araçari Uruçuca Bahia - +
IV RPPN Reserva Capitão Uruçuca Bahia - +
IV RPPN Rio Capitão Itacaré Bahia - +
IV RPPN Arte Verde Itacaré Bahia - +
IV RPPN Pedra do Sabiá Itacaré Bahia - +
III RPPN Reserva Natural da Serra do 

Teimoso 
Jussari Bahia - + 

III RVS Mata dos Muriquis Santa Maria do Salto and Salto da Divisa Minas Gerais - +
III RVS Boa Nova Boa Nova, Manoel Vitorino and Dario Meira Bahia - +
IV RVS Una Una Bahia - +
Note: *PAs are categorized according to the International Union for Conservation of Nature (IUCN) and Brazilian National System of 
Protected Areas (SNUC). Nomenclature: (APA) Environmental Protected Area, (RPPN) Natural Heritage Private Reserve, (PNM) 
Municipal Natural Park, (PN) National Park, (PE) State Park, (RB) Biological Reserve, (RVS) Wildlife Refuge, (EB) Biological Station, 
and (RDS) Sustainable Development Reserve 
 
 
 
 
 

The city of Santa Teresa is also referenced in 
ornithological studies performed by a scientific research 
institution founded by the naturalist Augusto Ruschi 
(Mendes and Padovan 2000). Thus, studies performed here 
document the dynamics of the bird assemblage (e.g., Simon 
2000; Willis and Oniki 2002). Little is known about the 
integrity of the PAs where Rufous-brown Solitaire 
occurrence has been documented. However, for those that 
have been studied these results highlight a worrying 
scenario. For example, the Biological Reserve Augusto 
Ruschi is situated beside an area of urban landfill (Mendes 
and Padovan 2000). Furthermore, the PAs in the city of 
Santa Teresa, which are historically important for in situ 
conservation of the species, are surrounded by plantations 
of coffee (Pinto et al. 1993), eucalyptus, and banana (Gatti 
et al. 2014). 

Another example of disturbance occurs in the city of 
Aracruz, at the Reserve of Sustainable Development 
Piraquê-Açu and Piraquê-Mirim. Although the state of 
Espírito Santo is ecologically important and contains 
several estuaries, the region faces problems related to the 
severe exploitation of wood for cellulose production 
(Pazolin et al. 2007).  

In Minas Gerais State, the cities of Santa Maria do Salto 
and Salto da Divisa contain PAs, including the State Park 
Alto Cariri and Wildlife Refuge Mata dos Muriquis, with 
potential C. l. leucogenys records. Of the PAs categorized 
as parks by the state, only 3% are managed at a level that 
satisfies the standards of the Ecologic Stations and 
Biological Reserves, and only 9% are adequately managed 
(Lima et al. 2005).  
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Figure 1. Cichlopsis leucogenys leucogenys distribution. 
Numbers indicate the total of overlapping records at each locality. 
Source: The historical distribution is based on that described by 
BirdLife International and NatureServe (2015). The states and 
municipalities according IBGE (2010). 

 

 
 

Figure 2. Cichlopsis leucogenys leucogenys historical distribution 
in the protected areas (PAs), and ecoregions. Numbers correspond 
to the PA’ codes in Table 1. Source: adapted from Olson et al. 
(2001), MMA (2010), BirdLife International and NatureServe 
(2015), and ICMBIO (2014). 

 
 
 
 

In Bahia State, most part of PAs are concentrated in 
large complexes, which include different cities such as 
Itacaré, Ilhéus, Uruçuca, Cairú, Nilo Peçanha, Iguaí, and 
Boa Nova. Previously, 17 records of C. l. leucogenys 
occurrence was documented in Bahia State, 12 in PAs 
(Vieira 2007). The results of the present study indicate that 
C. l. leucogenys is either presumed or confirmed to occur in 
31 PAs, 21 of which are in Bahia State, thereby widening 
the potential distribution of the species in the state. In 
Bahia, occurrence records of the species have been 
confirmed in the National Park Serra do Conduru, which is 
located in the cities of Itacaré, Ilhéus, and Uruçuca and 
within the Itacaré/Serra Grande Environmental Protection 
Area (APA). This APA is impacted by deforestation, which 
degrades the soil and water bodies and reduces the primary 
vegetation (Macedo and Drummond 2012) needed for the 
conservation of C. l. leucogenys. Other records of the 
species have been confirmed in PAs in Iguaí, at the Serra 
do Outro APA, which is impacted by intense exploitation 
of vegetation coverage, i.e., pastures and forestry (Rocha 
and Hadlich 2011).  

The Boa Nova National Park and Wildlife Refuge are 
located in the same city, which is where the potential 
distribution of Rufous-brown Solitaire was widened, and 
there were potential records of occurrence of the species in 
both areas. Both PAs are located in a fragmented forest 
matrix and are surrounded by anthropized areas, where 

activities, such as agriculture, cattle breeding, and wood 
extraction take place (Santos 2014). 

In the cities of Camacan and Itarantim, occurrence 
records were also distant from PAs, so the region should be 
prioritized for the creation of new PAs. Finally, the Natural 
Heritage Private Reserves with potential records of the 
Rufous-brown Solitaire are concentrated in the Brazilian 
micro-region of Ilhéus-Itabuna. Such reserves serve as 
important ecological corridors between PAs (Schiavetti et 
al. 2010). However, based on our review of the literature, 
the ornithological studies needed for the in situ 
conservation of the species are still lacking. Fortunately, a 
quantitative study of avian diversity at the Biological 
Reserve Augusto Ruschi demonstrated that C. l. leucogenys 
is abundant (Novaes et al. 2016), thereby making the 
habitat even more important for the in situ conservation of 
the species. 
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Appendix 1. List of Rufous-brown Solitaire records analyzed by the present study. Vouchers are listed as “database 
acronym + corresponding voucher number”, e.g., XC46264 means voucher 46264 from Xeno-canto. XC (Xeno-canto), 
WA (Wiki Aves), AR (Species Link), and TX (Taxeus). Albano, C. (2010) XC46264, XC43063; Jacomelli, J. A. (2009) 
XC37399, XC32146, XC31889. Rennó, B. (2009) WA159581, WA159571, WA161671, WA161670; Bessa, R. (2009) 
WA42876, WA193070; Ribenboim, L. (2010) WA190810; Albano, C. (2010) WA109931 (2009) WA42294; Magnago, 
G. (2008) WA6311 (2010) WA172111 (2012) WA608189; Gregorio, S. (2013) WA1083131; Ávila, P. (2009) 
WA183498; Silveira, J. (2013) WA1222154 (2010) WA227723, WA227724; Jacomelli, J.A. (2013) WA1009270; 
Oliveira, G.S. (2014) WA1346576; Macarrão, A. (2009) WA41308; Quental, J. (2009) WA29353; Candeias, M. (2014) 
WA1345098; Messias, S. (2013) WA1076373; Tavares, F. (2012) WA624752; Serpa, G. (2012) WA787893; Sattler, D. 
(2014) WA1341654; Costa, F. (2009) WA103936; Alves, A. (2010) WA253646; Merçon, L. (2014) WA1346927; Luiz, 
A.D. (2013) WA1134671; Patrial, E. (2013) WA856067 (2014) WA1267103; Carvalho, G. D. (2011) WA340659; 
Fernandes, E. (2013) WA1178034; Alves, F. (2014) WA1342550; Carvalho, E.P. (2011) WA340649; Kverno, D. (2013) 
WA1064415; Luiz, E. (2013) WA1133220; Gussoni, C. (2010) WA356391; Patrial, L. (2010) WA238177; Calil, T. 
(2013) WA1423878; Souto, L. (2014) WA1401753; Guedes, M. (2014) WA1375772; Silva, L.A. (2014) WA1408656; 
Pacheco, F. (1995) WA1433655; Farias, F. (2014) WA1497714; Linhares, S. F. (2014) WA1486701; Marques, A. (2014) 
WA1552935; Espeschit, W. (2014) WA1564547; Licco, S. (2014) WA1534491; Campos, B. (2014) WA1536385; 
Nogueira, W. (2014) WA1577253; Julio, R. (2014) WA1574765; Couto, P. (2014) WA1568429; Gentil, R. (2014) 
WA1562298; Machado, C. (2014) WA1541454; Araujo, F. (2014) WA1580446; Maia, T. (2014) WA1552274; Nogueira, 
W. (2014) WA1574951; Vielliard, J. (1942) AR4105, AR4102, AR4106, AR4107 (1963) AR4103; Gabriel, P.M. (2014) 
TX. 
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Abstract. Hairmansis A, Yullianida, Supartopo, Jamil A, Suwarno. 2017. Variability of upland rice genotypes response to low light 
intensity. Biodiversitas 18: 1122-1129. Plantation areas have a great potential to be utilized for upland rice production through 
intercropping. One of major constraints in the cultivation of upland rice as intercropping is low light intensity caused by shading. 
Improvement of rice varieties for shading tolerance is therefore important to increase rice production in upland areas. The objective of 
this study was to investigate the variability of upland rice genotypes responses to shading and identify the best genotypes for intercropping rice 
cultivation. Thirty-eight upland rice breeding lines, the shading tolerant rice variety Jatiluhur, and the shading susceptible rice variety 
IR64 were evaluated for their response to low light intensity in the greenhouse and the field. Greenhouse screening was conducted to 
determine their shading tolerance in vegetative stage while evaluation in the field was performed to evaluate their agronomic 
performance under 55% shading and normal conditions. Variation in upland rice genotypes on low light stress was revealed both in 
greenhouse and field trials. In the greenhouse trial, 12 genotypes showed higher survival rate compared to tolerant rice variety Jatiluhur. 
Field evaluation demonstrated that 55% shading increased plant height, reduced productive tiller number, delayed flowering time, increased 
spikelet sterility and reduced grain yield. Upland rice breeding line B11908F-TB-3-WN-1 showed high yield relative in shading 
condition compared to normal condition and had high-stress tolerance index (STI) which indicated the genotype was tolerant to shading.  

Keywords: Oryza sativa, shading, upland, intercropping 

INTRODUCTION 

Rice is the staple food for more than half world 
population. Its demand is continuously increasing with the 
increase of the population. About 75% of rice production in 
the world is produced in irrigated areas, and the rest is 
supplied from rainfed areas including rainfed lowland and 
upland areas. Rice cultivation in upland areas worldwide 
accounts for about 15 million hectares and contributes 
about 4% of the total rice production in the world (GRiSP 
2013). While the large portion of rice production comes 
from irrigated areas, the areas tend to decrease because of 
rapid land conversion. Therefore, the role of rainfed areas 
such as upland for extensification of rice production 
become more important in the future.  

In tropical countries, such as Indonesia, upland rice has 
significant contribution in supplying staple food for people 
living in marginal dryland areas (Suwarno et al. 2001). In 
Indonesia, upland rice is cultivated in about 1.1 million 
hectares, contributes around 5% of the total rice production 
in the country (MOA 2013). It is cultivated in a diverse 
area as monoculture and intercropping with other crops 
(Toha et al. 2009, Sopandie and Trikoesoemaningtyas 
2011). Palm oil, coconut, rubber and teak plantation area, 
which were distributed throughout the country have 
enormous potential to be utilized for intercropping with 
upland rice. It was estimated about 2 million ha of such 
areas are available every year for upland rice cultivation 
(Toha et al. 2009). In contrast to the intensive rice system 
in irrigated areas, the rice productivity in upland area is low 

due to an adverse environmental condition such as drought, 
soil acidity, and low soil fertility (Suwarno et al. 2001). In 
addition to such complex problems, rice production system 
as intercropping is constrained by low light intensity due to 
shading (Sopandie et al. 2003; Toha et al. 2009).  

Rice plants require optimum solar radiation for their 
growth and development. Reduction in light intensity 
interrupt photosynthetic activities, decrease plant growth 
and biomass which ultimately affect grain yield (Sopandie 
et al. 2003, Liu et al. 2014; Wang et al. 2015). Variation in 
rice genotypes response against low irradiation has been 
shown in several studies (Demao and Xia 2003; Sopandie 
et al. 2003; Wang et al. 2015; Wang et al. 2016). Reduction 
in photosynthetic rate caused by shading has been shown 
lower in tolerant genotypes compared to sensitive 
genotypes (Demao and Xia 2003; Wang et al. 2015). The 
response was associated with the activity of ribulose-1,5-
bisphosphate carboxylase/oxygenase (RuBPCO) in which 
the reduction of the RuBPCO activities in tolerant cultivar 
was smaller than sensitive cultivar (Demao and Xia 2003). 
The chlorophyll a and ratio of chlorophyll a/b in tolerant 
genotype was also shown higher in shading tolerant rice 
genotype compared to sensitive genotype under low 
radiation (Sopandie et al. 2003). Wang et al. (2015) 
suggested the increase in chlorophyll content of tolerant 
genotype as adaptive capacity respond to low light intensity 
to improve plant ability in light harvest and to increase 
their photosynthetic rate. This adaptive mechanism allowed 
rice plant to increase grain filling under shading condition 
(Wang et al. 2015; Wang et al. 2016). 
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The establishment of a consortium of upland rice with 
other crops in Indonesian arable areas is a major strategy to 
increase rice production and population access to that 
staple food (Sumarno and Hidayat 2007). Until recently the 
number of shading tolerant rice varieties available for 
farmers remains limited. Therefore, improvement of rice 
varieties for this trait is important. Identification on tolerant 
genotypes is important to select best genotypes which can 
be deployed in target areas. The objective of this study was 
to investigate the variability of thirty-eight upland rice 
genotypes responses to shading and to identify the best 
genotypes for intercropping rice cultivation. 

MATERIALS AND METHODS 

Plant materials 
Thirty-eight upland rice breeding lines derived from 

different crosses were selected for the experiments (Table 
1). Upland rice variety Jatiluhur and popular lowland rice 
variety IR64 were used as a check for shading tolerant and 
shading susceptible rice varieties, respectively. 

Shading experiment in the greenhouse 
Complete shading treatment was performed in the 

upland rice seedling stage in the screen house. The protocol 
was modified from Sahardi (2000). Rice seeds were 
germinated in petri dish for 48 hours. Healthy and 
germinated rice seeds were then transferred in a plastic pot 
(35 cm × 25 cm × 10 cm) filled with soil collected from 
paddy field of Muara experimental station in Bogor. Soil 
moisture was maintained in the field capacity level. In each 
pot, eight lines and two check varieties were grown. Three 
replications were used in this trial. Rice plants were 
maintained in normal light condition for 10 days before 
complete shade treatment was applied for 10 days by 
placing the pots in a containment covered by a black fabric 
sheet. After 10 days grown under complete shading, the 
plants were moved to normal condition and their survival 
rate was calculated. Classification of rice tolerance to 
complete shading was determined using the method 
proposed by Sasmita (2008). Based on the survival rate, the 
genotypes were classified as tolerant (more than 60%), 
moderate (40% to 60%) and susceptible (less than 40%). 

Shading experiment in the field  
Field trials were conducted in Muara experimental 

station, Bogor district of West Java province, Indonesia 
during the wet season 2014-2015. The experiments 
consisted of two different light intensity, in normal 
condition (without shading) and 55% shade condition. The 
55% shading treatment was chosen to increase the low light 
stress on rice as in the previous studies tolerant rice 
genotypes have been identified using 50% shading 
treatment (Soepandi et al. 2003; Sasmita 2008). Shading 
was imposed from seedling until harvesting by placing 
55% shade net 2 m above the ground. The experiments 
were designed in a randomized complete block design with 
three replications. Each genotype was grown in 2 m × 5 m 
plot. Management practices for rice growing in both 
conditions were similar. In brief, the rice seeds were 

directly seeded in soil and were arranged in rows with a 
plant spacing of 15 cm within a row and 30 cm between 
rows. Fertilizers were applied three times, at 10 days after 
sowing using 200 kg NPK (15:15:15) per ha, at 35 days 
after sowing using 100 kg NPK (15:15:15) per ha and at 
the booting stage using 100 kg urea per ha. Data were 
collected for plant height, number of productive tiller, days 
to heading, days to harvest, number of filled grains per 
panicle, grain weight, and grain yield (moisture content of 
14%) by following the standard evaluation procedure for 
rice (IRRI 2014). Shading tolerance genotypes were 
determined based on 1) their yield relative in stress 
condition compared to normal condition and 2) stress 
tolerance index (STI) (Fernandez 1992) which was 
calculated using the formula: 

 

Stress tolerance index (STI)= (Yield in normal) × 
(Yield in shading) / (Average yield in normal)2 

RESULTS AND DISCUSSION 

Response of upland rice genotypes to complete shading 
in the seedling stage 

Rapid and efficient screening method is important in a 
breeding program to assess genetic variation of rice 
genotypes response against environmental stresses such as 
low light intensity. The method had been shown effectively 
differentiated between tolerant and susceptible genotypes 
(Sasmita 2008; Mara et al. 2015). In the present study 40 
upland rice genotypes were evaluated for their response to 
complete shading for short periods of 10 days in vegetative 
stage. Variability in response to complete shading was 
demonstrated by the upland rice genotypes. Based on their 
survival rate, the rice genotypes were ranged from 
susceptible (less than 40%) to tolerant (more than 60%) to 
complete shading. Rice variety Jatiluhur which was used as 
tolerant check showed higher survival rate (90%) compared 
to susceptible check IR64 (59%) (Figure 1). The survival 
rates of 38 upland rice breeding lines ranged from the 
lowest of 37% in genotype G7 to the highest of 100% in 
genotype G34 (Figure 1). There were 12 genotypes which 
had survival rate comparable or higher than tolerant check 
Jatiluhur including G13, G14, G16, G17, G18, G19, G33, 
G34, G35, G36, G37 and G38 (Figure 1). The higher 
survival rate in tolerant genotypes was suggested to be 
related to their ability to store their energy and to minimize 
respiration rate during the complete shading (Sasmita 
2008).  

Response of upland rice genotypes to 55% shading in 
the field 
Plant height, number of tiller and maturity characters 

There was variation in the plant height of upland rice 
genotype in response to low light intensity (Figure 2A). 
Most of the upland rice genotypes showed increased plant 
height in shading condition, which was similar to the 
observation by Singh (2005) and Sopandie et al. (2003). 
However, G2, G16 and G38 genotypes showed lower plant 
height in shading condition including shading tolerant 
variety Jatiluhur. 
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Table 1. Upland rice genotypes and their parentage 
 
Code Genotypes Parentage 
G1 B14202F-MR-BLK SMD9C-13/Situpatenggang 
G2 B14231F-MR-BLK  (II YOU936/Batutegi)-3//Situpatenggang 
G3 B14178F-MR-2 Limboto/Situpatenggang 
G4 B14217F-MR-BLK Terong/B10580E-KN-28-1-1 
G5 B14176F-MR-BLK Krowal-2/Situpatenggang 
G6 B14144F-MR-3 Ciapus/Fatmawati*5//Situpatenggang 
G7 B14083D-TB-21 B11492F-TB-12/IR60080-23 
G8 B12480D-MR-7-1-1 Batutegi/CNA2903//IR60080-23/Cimelati 
G9 B11592F-MR-23-2 IR60080-23/BP303 
G10 B14086D-TB-70 TB409B-TB-14-3/B11178G-TB-29 
G11 B13642E-TB-71 TB409B-TB-14-3/Bardaugol 
G12 TB155J-TB-3-1-1 Way Rarem/Ketan Tuban 
G13 B13638E-TB-12-2-WN-1 Danau Gaung/B11598C-TB-2-1-B-7 
G14 B11908F-TB-3-WN-1 Gajah Mungkur/Cabacu 
G15 B13636G-TB-8-WN-1 TB409B-TB-14-3/Ketan Rangeun 
G16 B12168D-MR-38-1-6-TB-1 Cirata/IR60080-23 
G17 B11579E-MR-7-1-1 TB154E/IRAT144//IRAT379 
G18 B12154D-MR-10 IR60080-23/IRAT13 
G19 B12498E-MR-1-9 IR68886/BP68*10//Selegreng///Maninjau/Asahan 
G20 B12492C-MR-21-2-1 Rantai Emas//Guarani/Asahan 
G21 B12056F-TB-29-1 Selegreng/Simacan 
G22 B12159D-MR-40-1 Limboto/IRAT13 
G23 B11592F-MR-16-1-5-1 IR60080-23/BP303 
G24 B12056F-TB-1-64-6 Selegreng/Simacan 
G25 B11923F-MR-33-1 IR60080-23/Guarani 
G26 B11604E-MR-2-4 IR60080-23//IRBL8/IRBL23 
G27 B10580E-KN-28-1-1 TB154E-TB-1/Kapuas 
G28 B13655E-TB-13 Jatiluhur/TB409B-TB-14-3 
G29 B11579E-MR-7-1-1-1 TB154E/IRAT144//IRAT379 
G30 B11930F-TB-2 IRAT144/Guarani 
G31 B12828E-TB-2-3-1 Selegreng/Ciherang//Kencana Bali 
G32 B12498F-MR-1-9-3-TB-1 IR68886/BP68*10//Selegreng///Maninjau/Asahan 
G33 B12492C-MR-21-1-13-4-TB-1 Rantai Emas//Guarani/Asahan 
G34 TB356B-TB-12-2-2-1-2-1-1 Limboto/Atomita 4 
G35 B12056F-TB-1-5-4-1 Selegreng/Simacan 
G36 B12498F-MR-1-3 IR68886/BP68*10//Selegreng///Maninjau/Asahan 
G37 B12825E-TB-2-4 BP342B-MR-1-3-KN-1-2-1-MR-2-1/Dendang//IR69502-6-SKN-UBN-1-B-1-3 
G38 B12476E-MR-11 Limboto/IRAT13//Sayap Putih/Asahan 
JTL Jatiluhur  Improved variety 
IR64 IR64 Improved variety 

 

A number of productive tiller of upland rice genotypes 
were also affected by shading (Figure 2B). All genotypes 
showed decreased tiller number in shading condition 
compared to normal condition. The reduction of tiller 
number of upland rice ranged from 26% to 73%. Some of 
the upland rice genotypes showed a small reduction in their 
tiller number in response to low light including G17, G22, 
and G33. Sasmita (2008) indicated tolerant genotypes had a 
lower reduction in their tiller number compared to 
susceptible genotypes. However, it was shown that shading 
tolerant rice Jatiluhur had similar tiller number reduction 
trend as susceptible variety IR64 of about 50%. The 
tolerance response showed by Jatiluhur might be caused the 
genotype was able to compensate its leaf area even though 
their tiller number decreased as indicated by Soepandi et al. 
(2003).  

The result from this study also indicated low light 
intensity delayed flowering time of upland rice genotypes 
(Figure 2C) which agreed to the result from the previous 
study (Cai 2011). Shading tolerant rice variety Jatiluhur 
also showed prolonged days to flowering in shading 
condition compared to normal condition. However, some 
genotypes showed earlier flowering time in shading 
condition compared to normal condition in response to low 
light intensity such as G8, G18, G20, G21, G22, and G24. 
  

Furthermore, harvesting time of upland rice genotypes 
was also considered affected by shading (Figure 2D). 
Shading has prolonged maturity time of most upland rice 
genotypes. Similar to flowering time, some genotype 
showed a different response in their harvest time. The 
genotypes G18, G22 and G24 which had earlier flowering 
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time in shading condition were also showed earlier harvest 
time in shading condition compared to normal condition. 

Yield component and grain yield 
The 55% shading decreased a number of filled grain per 

panicle of almost all upland rice genotypes except for G10, 
G22, G35 and Jatiluhur (Figure 3A). The reduction ranged 
from 6% (G10) to 57% (G18) with an average reduction in 
a number of filled grain was 36%. Reduction in the number 
of filled grain in tolerant check variety Jatiluhur was lower 
compared to susceptible check variety IR64. Other upland 
rice genotypes which showed a small reduction in number 
of filled grain were G10 and G22. Shading directly reduced 
photosynthetic rate in plants resulted in significant 
reduction in grain filling (Wang et al. 2015; Pan et al. 
2016). Wang et al. (2015) observed shading tolerant rice 
variety had smaller reduction in their grain filling 
compared to susceptible variety due to improvement in 
their light use efficiency. 

The result from this study also showed that 55% 
shading increased the number of empty grain per panicle of 
upland rice, even though the variation in the number of 
empty grain in each genotype were remarkably large 
(Figure 3B). Moreover, the shading reduced spikelet 
fertility of all rice genotypes (Figure 3C). The reduction in 
spikelet fertility ranged from 7% to 40%. Shading tolerant 
check variety Jatiluhur showed a smaller reduction in 
spikelet fertility compared to susceptible check IR64. Some 
genotypes showed a smaller reduction in the spikelet 
fertility including G5, G8, G22, and G27.  

Grain weight of rice is also one of the traits affected by 
shading during the reproductive stage (Wang et al. 2015). 
The result from this study also indicated that shading 
reduced the grain weight of upland rice genotypes (Figure 
3D). 

In the present study grain yield of upland rice genotypes 
in normal condition ranged from 2.33 t/ha (G2) to 4.35 t/ha 
(G9) (Table 2). The yield seriously affected by 55% 
shading with the range of rice yield in this stress condition 
were 0.45 (G34) to 1.55 (G14). The shading tolerant rice 

check Jatiluhur yielded 3.83 t/ha in normal condition and 
1.44 t/ha in shading condition, while susceptible variety 
IR64 yielded 3.36 t/ha in normal condition and 0.74 t/ha in 
shading condition. The effect of shading on grain yield 
have been reported in rice and other crops (Singh 2005; Liu 
et al. 2014; Wang et al, 2015; Pan et al. 2016; Cai 2011, Li 
et al. 2010).  

We then determined the level of shading tolerance of 
rice genotypes through their yield relative in shading 
condition compared to normal condition and based on 
stress tolerance index (STI) proposed by Fernandez (1992). 
Based on the yield relative, the tolerant rice variety 
Jatiluhur showed yield relative of 38% while susceptible 
check IR64 had yield relative of 22% (Table 2). There were 
several upland rice lines which had higher yield relative 
than Jatiluhur, such as G11 (44%), G14 (44%), and G22 
(40%) indicated those lines are having better shading 
tolerant than Jatiluhur. The yield relative is used to 
determine genotype which performed well in stress 
condition. Furthermore, based on the stress tolerance index, 
the highest score was shown by shading tolerant variety 
Jatiluhur (0.51) (Table 2). Other genotypes with high STI 
were G14 (0.50), G9 (0.48), G12 (0.44) and G6 (0.42) 
(Table 2). Using this index, rice genotypes which had high 
yield potential both in normal and stress condition could be 
identified (Fernandez 1992).  

Correlation analysis was performed to study 
relationship between survival rate of upland rice genotypes 
grown under complete shading in seedling stage and their 
relative yield under shading compared to normal condition 
(Figure 4). While several studies had used shading 
treatment in seedling stage to determine shading tolerant of 
rice varieties (Sahardi 2005, Sasmita 2008; Mara et al. 
2015), result from this study indicated there was a weak 
relationship between these two measurements (Figure 4). 
As grain yield is the main target in the selection of shading 
tolerant rice, the selection of superior genotypes under 
shading condition from vegetative to reproductive stage is, 
therefore, more appropriate for further studies.  
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Figure 1. Survival rate of 40 upland rice genotypes under complete shading for 10 days in vegetative stage 
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Figure 2. Plant height, productive tiller number, days to flowering and days to harvest of 40 upland rice genotypes under control and 
55% shade conditions 
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Figure 3. Yield component of 40 upland rice genotypes under control and 55% shade conditions 
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Table 2. Grain yield, relative yield reduction under 55% shade and control condition and stress tolerance index of 40 upland rice 
genotypes 
 

Code Genotypes Grain yield ± SE (t/ha) Relative yield in 55% 
shade and control 

Stress tolerance index 
(STI) Control 55% shade 

G1 B14202F 3.35±0.5 0.93±0.3 0.28 0.29 
G2 B14231F 2.33±0.7 0.54±0.2 0.23 0.12 
G3 B14178F-MR-2 3.89±0.5 0.92±0.3 0.24 0.33 
G4 B14217F 3.52±0.4 0.76±0.1 0.22 0.25 
G5 B14176F 3.87±0.6 0.85±0.3 0.22 0.30 
G6 B14144F-MR-3 3.54±0.2 1.29±0.4 0.36 0.42 
G7 B14083D-TB-21 3.28±0.5 0.93±0.3 0.28 0.28 
G8 B12480D-MR-7-1-1 3.23±1.3 0.78±0.2 0.24 0.23 
G9 B11592F-MR-23-2 4.35±0.9 1.21±0.4 0.28 0.48 
G10 B14086D-TB-70 2.86±0.5 1.06±0.3 0.37 0.28 
G11 B13642E-TB-71 3.02±0.7 1.32±0.3 0.44 0.37 
G12 TB155J-TB-3-1-1 4.02±1.0 1.18±0.2 0.29 0.44 
G13 B13638E-TB-12-2-WN-1 4.00±0.9 0.99±0.3 0.25 0.36 
G14 B11908F-TB-3-WN-1 3.53±0.2 1.55±0.6 0.44 0.50 
G15 B13636G-TB-8-WN-1 3.22±0.5 0.76±0.3 0.24 0.23 
G16 B12168D-MR-38-1-6-TB-1 2.89±0.3 0.83±0.2 0.29 0.22 
G17 B11579E-MR-7-1-1 3.41±0.5 0.92±0.2 0.27 0.29 
G18 B12154D-MR-10 2.99±0.4 1.04±0.2 0.35 0.29 
G19 B12498E-MR-1-9 3.67±0.4 0.77±0.1 0.21 0.26 
G20 B12492C-MR-21-2-1 3.09±0.5 1.07±0.2 0.35 0.30 
G21 B12056F-TB-1-29-1 2.52±0.5 0.92±0.1 0.36 0.21 
G22 B12159D-MR-40-1 3.26±0.9 1.29±0.1 0.40 0.39 
G23 B11592F-MR-16-1-5-1 3.03±0.3 0.79±0.2 0.26 0.22 
G24 B12056F-TB-1-64-6 3.42±0.3 0.84±0.3 0.24 0.26 
G25 B11923F-MR-33-1 4.05±0.5 0.73±0.2 0.18 0.27 
G26 B11604E-MR-2-4 3.09±0.2 1.11±0.3 0.36 0.32 
G27 B10580E-KN-28-1-1 3.54±0.5 1.15±0.1 0.33 0.37 
G28 B13655E-TB-13 3.19±0.9 0.65±0.3 0.20 0.19 
G29 B11579E-MR-7-1-1-1  2.43±0.4 0.8±0 0.33 0.18 
G30 B11930F-TB-2 3.14±0.3 0.93±0.3 0.30 0.27 
G31 B12828E-TB-2-3-1 3.05±0.5 0.54±0.2 0.18 0.15 
G32 B12498F-MR-1-9-3-TB-1 3.45±0.9 0.69±0.4 0.20 0.22 
G33 B12492C-MR-21-1-13-4-TB-1 3.64±0.5 0.88±0.4 0.24 0.29 
G34 TB356B-TB-12-2-2-1-2-1-1 3.14±0.3 0.45±0.2 0.14 0.13 
G35 B12056F-TB-1-5-4-1 2.37±0.1 0.92±0.4 0.39 0.20 
G36 B12498F-MR-1-3 2.61±0.6 0.91±0.3 0.35 0.22 
G37 B12825E-TB-2-4 3.64±0.5 1.08±0.1 0.30 0.36 
G38 B12476E-MR-11 3.26±0.9 1.01±0.3 0.31 0.30 
JTL Jatiluhur 3.83±0.8 1.44±0.6 0.38 0.51 
IR64 IR64 3.36±0.4 0.74±0.2 0.22 0.23 
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Figure 4. Relationship between upland rice survival rate under 
complete shading in vegetative stage and relative yield under 55% 
shade and control. 

 
In conclusion, we found a variation of upland rice 

genotypes in response to low light intensity. Low light 
intensity stress in rice increased plant height, reduced 
productive tiller number, delayed flowering time, reduced 
grain filling, increased spikelet sterility, and reduced grain 
yield. We identified promising rice breeding lines which 
were tolerant to shading. The lines have potential to be 
further evaluated for their performance in upland rice areas 
under plantation. The tolerant genotypes developed through 
this study would be useful for the establishment of 
consortium of upland rice with other crops in Indonesia  
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Abstract. Rahayuningsih M, Kartijono NE, Retnoningsih A. 2017. Short Communication: The nest characteristics of Wreathed Hornbill 

(Rhyticeros undulatus) in Mount Ungaran, Central Java, Indonesia. Biodiversitas 18: 1130-1134. Java has three species of hornbills, one of 

them is the Wreathed Hornbill (Rhyticeros undulates Shaw, 1811) that can be found mainly throughout on Mount Ungaran, Central 

Java, Indonesia. The main threats to Wreathed Hornbill population are habitat fragmentation and forest clearing. The large trees used for 

nesting by the Wreathed Hornbill are usually located in areas of illegal logging. Therefore, it is necessary to study the characteristics of 

Wreathed Hornbill nests, especially in Mount Ungaran. Eight nests were discovered, six of which were active. The nests were found at 

900-1200 m above sea level. Trees that were used as nest sites were between 24-35 m high, and had a diameter of 0.83-1.75 m. Nests 

were located at heights of 1-27 m, and had a hole diameter of 33-38 cm, hole length of 170-211 cm, entrance width of 4-11 cm, entrance 

length of 14-39 cm, nest thickness 6-18 cm, and a temperature of 20-21°C. The nest shapes were oval, ellipse, and irregular oval. 

Commonly, the Wreathed Hornbills used Syzygium glabratum, Syzygium antisepticum, and Cratoxylum formosum for nesting. 

Keywords: Habitat fragmentation, Mount Ungaran, nest characteristic, Wreathed Hornbill 

INTRODUCTION 

Ungaran Mountain is one of the Important Bird Areas 

(IBA) in Indonesia, particularly in Central Java. The 

determination of Ungaran Mountain as an IBA due to the 

presence of the Wreathed Hornbill (Rhyticeros undulatus 

Shaw, 1811) and the Javan Hawk Eagle (Nisaetus bartelsi 

Stresemann, 1924). Hornbills were protected under the 

Government Regulation No. 5/1990 about Conservation of 

Natural Resources and Ecosystems, Government 

Regulation (GG) No. 7/1999 about Preservation of Plants 

and animals, and GG of Minister of Forestry No 

57/Menhut-II/2008. CITES (Convention on International 

Trade in Endangered Species of Wild Fauna and Flora) 

also categorized the hornbills as fauna in Appendix II, as 

species that may be traded only under certain conditions, 

such as scientific research. Nowadays, some of the 

hornbills encounter many threats that interfere their 

population. The decline of hornbill population could be 

caused by several factors, such as loss of native habitat, 

hunting and trading, and the influence of pesticides, which 

might damage the reproductive function due to chemical 

residues that have accumulated through the food chain and 

caused eggshell thinning. Low public awareness on 

conserving forests has also influenced the sustainability of 

the hornbill (Sukmantoro 2002). Disruption of natural 

habitats, such as habitat fragmentation, forest clearing for 

coffee or tea plantations, illegal logging, hunting, and 

trading, has become a serious threat that could interfere 

with the presence of birds at Ungaran Mountain. Based on 

initial research by Margareta and Nugroho (2013), the 

Wreathed Hornbill population at Ungaran Mountain was 

14.60 bird/km2 with some nest sites. In conclusion, 

Ungaran Mountain has Wreathed Hornbill natural habitat.  

The forest size, habitat structure, fruit abundance and 

distribution greatly affected the density and distribution of 

several species of hornbills in Asia (Poonswad and Kemp 

1995; Kemp 1995; Kinnaird et al. 1996). Hornbill 

populations were affected by habitat disturbance, including 

illegal logging and forest firing (Johns 1983; Johns 1987; 

Kinnaird and O’Brien 1998; Cahill and Walker 2000). 

Therefore, this study aims to elucidate the nest 

characteristics, nest site, nest shape and habitat around the 

nest which are built by the hornbills to lay and to incubate 

their eggs. Data of Wreathed Hornbill are needed within in 

situ conservation planning and management of wildlife, 

especially birds. The most important things are sufficient 

space habitats and the availability of food, water, shelter 

and breeding grounds.  

MATERIALS AND METHODS 

The mapping of nests of the Wreathed Hornbill was 

conducted by the observation of stations including 

Banyuwindu, Gajah Mungkur, Watu Ondo, and Gunung 

Gentong stations. The located of the station at the primary 

and secondary forest of Mount Ungaran, Central Java, 

Indonesia (Figure 1). The schedule of research was divided 

into two different schedules, i.e., from May to November 

2013 and from August to November 2014 and 2015.  
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Figure 2. Location of Wreathed Hornbill nests in Mount Ungaran, Central Java, Indonesia  

 

 

 
 

 

Materials used to conduct the observations included 

binoculars (Nikon 8 x 30, 8.3”CF WF), a monocular 

(Nikon 20 x 60), GPS (Global Positioning System) Garmin 

e-Trex 12 channel, compass, camera, video, CCTV, 

laptops, tape recorder, a set of tools tree climber, and tally 

sheet. Nests were discovered by following the males which 

flew and brought food to the nests, or by finding the 

location of large trees which had holes and the possibility 

of a nest. Observations were conducted during the high 

activity periods of the hornbills, between 7:00-15:00 pm 

(Margareta and Nugroho 2013). The active nest could be 

characterized while females entered into the nest. The nest 

could be observed when females and its offspring out of 

their nest (the process lasted between 3-4 months). The 

results were identified to determine its type and measured 

with several variables (Table 1). The nest characteristics in 

this study were developed from Staufer and Smith (2004) 

method which shown in Figure 3 and Figure 4. According 

to the records of Kinnaird and O'Brien (1998), the breeding 

period of the Wreathed Hornbill occurs during May - 

November. The nest condition was determined by climbing 

a tree and measuring the nest cavity (Figure 2). 

 

Table 1. Variables to determine the nest characteristics of 

Wreathed Hornbill according to Staufer Method (2004)  

 

Variables Description 

 

Tree  

Species The type of the tree where the nest 

is found 

Tree diameter The diameter of the nest tree 

Tree height Measured from the ground surface 

Nest height Measured from the ground surface 

Trees percentage % estimation from the canopy 

 

Nest cavity 

 

Nest width Directly measured 

Nest height Directly measured 

Nest depth Directly measured 

Nest volume  Width x height x depth 

Width of the nest door Directly measured 

Height of the nest door Directly measured 

Area of the nest door Width x height 

Nest thickness Directly  measured 

Nest orientation The opening direction of the nest 

from the main axis 
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Figure 2. The nest site characteristic (Poonswad 2015) 

 

 
Figure 3. The measurement of tree height and nest location height 

 

 

 
 

Figure 4. The measurement of nest hole size 

 

RESULTS AND DISCUSSION 

Nest distribution of Wreathed Hornbill at Mount 

Ungaran 

The observers found 8 nests, 6 of which were active, 

and 2 of which were non active. However, the observers 

are able to measure only five of the active nests, while one 

nest could not be observed (nest No. 7) (Figure 5). Nest 

locations were scattered in Watuondo (1 nest) and Gunung 

Gentong (7 nests) (Figure 2). Total nest record, especially 

on Gunung Gentong from 2010-2016, were 10 nests 

(Rahayuningsih et al 2016), but the three of the nest tree on 

Gunung Gentong were not measurement because the 

location was difficult to reach. 

The trees that were used for nests were: Salam 

Klontong (Syzygium glabratum) (2 nests), Nagasari 

(Syzygium antisepticum) (5 nests) and Marong (Cratoxylum 

formosum)(1 nest). S. glabratum and S. antisepticum 

belong to families of Myrtaceae. The height of S. 

glabratum trees ranged between 27-35 m with diameter 

1.10-1.75 m, S. antisepticum had heights of 24-32 m and 

diameter 0.83-1.15 m, while (C. formosum had height 34 

meters with diameter 1.62 m (Table 2).  

The height and diameter of the tree as nest habitat 

represented the body size of Wreathed Hornbill.The 

observations indicated that Wreathed Hornbills selected 

specific trees that were taller than 20 meters and had a 

diameter of approximately 1 meter. 

Based on nest locations in Watuondo and Gunung 

Gentong, Himmah et al. (2010) stated that Watuondo and 

Gunung Gentong had the potential to be the habitat of 

breeding Wreathed Hornbills. Watuondo has 52 individual 

trees/ha with a diameter more than 60 cm, whereas Gunung 

Gentong has a great amount of biodiversity and single tree. 

Based on Figure 2, the location of Wreathed Hornbill 

nests in Mount Ungaran showed that nests could be found 

in between 900-1200 meters above sea level. According to 

Nugroho (2011), Wreathed Hornbills that lived in the area 

of reforestation were found roughly at 0-165 meters above 

sea level. Meanwhile, Mackinnon et al.  (1998) stated that 

Wreathed Hornbill usually lived at an altitude of 0-2000 

meters above sea level. 

Marthy (2008) explained that the Wreathed Hornbill 

would make nests in trees with a height greater than 20 

meters, and with a diameter of approximately 40-267 cm. 

However, the diameter of trees in Watuondo was more than 

60 cm, whereas in Gunung Gentong they ranged from 35 to 

60 cm. Datta and Rawat (2004) described the most suitable 

trees, which were used by Wreathed Hornbills for nesting, 

had heights of more than 18 meters.  

Nest characteristics  

The Wreathed Hornbills in Ungaran Mountain 

generally built the different nest forms (see Table 3 and 

Figure 5). Poonswad (1993) said that Wreathed Hornbills 

regularly utilized taller and larger trees for nesting, and 

selected specific trees such as Dipterocarpus and Eugenia. 

However, on Mount Ungaran, Wreathed Hornbill usually 

built nests on S. glabratum and S. antisepticum. Both tree 

species are the part of Eugenia family, namely Myrtaceae. 

We believe that the tallest tree was chosen for nesting by 

the hornbills likely happened as a result of storm damage, 

that resulted in damage, including broken branches, which 

in some cases would naturally form a hole. In addition, the 

strongest trees can survive longer than other trees, so the 

possibility of using it as a nest was higher than other trees. 

Based on the nesting characteristics of Hornbill nests, 

Datta and Rawat (2004) explained that there were 

differences in nest characteristics among the Wreathed 

Hornbill (Rhyticeros undulatus), Great Hornbill (Buceros 

bicornis), and Oriental Pied Hornbill (Anthracoceros 

albirostris). The differences included the height of the 

nests, nest thickness, and the shape of the nest.  

c 

d1 

d2 

d3 

f1 f2 
c 

e 

b a 

Note: 
c. Nest height 
d1, d2, d3; f1, f2. Nest width 
e. Area of the nest door  

Note: 
a. Heigh of nest location 
b. Heigh of tree 
 

e 
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Figure 5. The nest shape of Wreathed Hornbills at Mount Ungaran, Central Java, Indonesia 

 

 

 

Table 2. Location, elevation, species, height and tree diameter  

 

 

Nest 

number 

Coordinate point 

Elevation 

Tree species Trees 

height 

(m) 

Trees 

diameter 

(m) 

Infor-

mation S E Scientific name Local name 

1 07⁰ 09' 26.8" 110⁰ 20' 11.8" 939 Syzygium glabratum Salam Klontong 27 1.75 Active 

2 07⁰ 09' 35.7" 110⁰ 20' 19.5" 1056 Syzygium antisepticum Naga Sari 24 1.15 Active 

3 07⁰ 09' 50.7" 110⁰ 20' 33.1" 1241 Syzygium antisepticum Naga Sari 32 1.37 Active 

4 07⁰ 09' 37.2" 110⁰ 20' 30.5" 1185 Syzygium antisepticum Naga Sari 30 0.83 Active 

5 07⁰ 09' 36.5" 110⁰ 20' 27.5" 1105 Syzygium antisepticum Naga Sari 26 0.89 Active 

6 07⁰ 09' 45.7" 110⁰ 20' 20.3" 1112 Cratoxylum formosum Marong 34 1.62 Active 

7 07⁰ 09' 41.7" 110⁰ 20' 13.6" 1039 Syzygium antisepticum Naga Sari 30 1.15 Non active 

8 07⁰ 09' 56.9" 110⁰ 19' 33.8" 1180 Syzygium glabratum Salam Klontong 30 1.10 Non active 

 

 

 

Table 3. Nest characteristics of Wreathed Hornbill 

 

Tree species 

Nest 

height 

(m) 

Hole diameter(cm) Hole 

height 

(cm) 

Entrance Width (cm) Entrance 

length 

(cm) 

Thick-
ness 

Shape 
Temp. in 

nest (oC) I II Top Middle Bottom 

Syzygium glabratum 17 79 61 211 6.7 11.3 6.8 39 18 Irregular oval 21 

Syzygium antisepticum 10.1 40 37 110 6 7 9 40 15 Irregular oval 20 

Syzygium antisepticum 11 60 55 130 10.2 14.8 12 30 15 Irregular oval 20 

Syzygium antisepticum 12 50 20 190 4 7.2 5 15 6.3 Oval 20 

Syzygium antisepticum 16 47 39 265 4.87 9.13 5.54 15.3 20 Irregular oval 21 

Cratoxylum formosum 16 11.3 70 170 8 6 11 30 18 Ellipse  21 

Syzygium antisepticum 27 - - - - - - - - Irregular oval 21 

Syzygium glabratum 11 116 108 266 11 15 8 32 16 Irregular oval - 

            

Average 15 58 56 192 7 10 9 29 15   

SD 6 35 31 66 3 4 3 10 5   

 

 

 

 

 

The average nest height for Wreathed Hornbill in Java 

and Sumatra ranged between 18-26 m and the height and 

nest inner width were between 45-47 x 60-85m, and nest 

shape was generally rounded (Marthy 2008). These results 

supported Datta and Rawat (2004) which explained that the 

form of Wreathed Hornbill nests was generally oval. 

Poonswad (1993) specified the shape of Wreathed Hornbill 

nests was generally elongate or oval. The nests were used 

by females to incubate their eggs and to guard their 

offspring until they are able to fly. The females stayed at 

the nest, while males hunted and feed their females. During 

the observation, the females always closed to the nest hole 

using ground, mud and a small gap left to receive food 

from the males. In addition, the small gap was also used to 

protect their eggs or offspring from predators. When the 

females wanted to leave the nest, then the females unloaded 

the soil, mud, so the gap became wider than before.  
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Abstract. Iskandar BS, Iskandar J, Wibawa HA, Partasasmita R. 2017. Farmers and tumpang sari: Case study in Palintang Hamlet, 
Cipanjalu Village, Bandung, Indonesia. Biodiversitas 18: 1135-1149. People of Palintang hamlet are recognized as one of the local 
communities reside in the high land of surrounding forest of Manglayang Mountain of West Java, Indonesia. Based on ecological or 
environmental history, they initially practiced the swidden farming in the natural forest of Manglayang, West Java. Moreover, some of 
them involved as labor in various activities of the culture systems during the Dutch colonial. After Indonesian independent, they have 
participated as laborer in the tumpang sari program of the Forest Service (Dinas Kehutanan) and the State Forestry Corporation 
(Perhutani). Nowadays,farmers of Palintang have intensively cultivated the pine forest for planting cash crops, including cabbage and 
potatoes. As a result, the farming practice in the forest has caused dilemma between providing cash income for local people and 
endangering the stability of environment for the near future. This paper presents the findings of research on the development of agro-
ecosystems of a the Palintang people, in relation to social-ecological-changes, particularly the forest ecosystem changes. The method 
used in the study was combination of qualitative and quantitative. The result of study shows that the farmers of Palintang have 
continuously cultivated the forest for tumpang sari since the Dutch colonial period until now. Today, they have farmed the agro-
ecosystems of the homegarden and mixed garden in their village land, and have intensively farmed vegetable garden in the forest of the 
Perhutani. Based on the inventory of crops in the mixed-garden (kebun or kebun campuran) and home garden, it was recoded 47 species 
and 42 species, respectively. The vegetables and fruits were predominantly found in both the mixed-garden and homegarden. The 
practice of the commercial vegetable crops as tumpang sari in the forests of the Perhutani has provided some benefits, including 
fulfilling cash income for farmer households, but some negative impacts on environment, such as pollution of pesticides have also 
occurred. 

Keywords: Environment destruction, forest, farmers, tumpang sari, vegetable crops  

INTRODUCTION 

Based on ecological or environmental history, initially 
rural people of the high land of West Java or Preanger 
(name in the past) practiced the swidden farming (huma) 
system instead of the wet-rice farming (sawah) system. 
They planted the dry land rice (padi gogo) in the forest by 
cutting and burning forest. Due to in the past the rural 
population of the highland Preanger was low and the land 
were still covered by large forest area (Breman 2014). The 
first report of irrigated wet rice farming (sawah) 
penetration from Central Java into the high land came as 
late as 1750 from the Sumedang and Tasikmalaya areas 
approximately half century later from the somewhat larger 
and higher plateau basin of Bandung and Bogor to the West 
(Terra 1958; Geertz 1963; Christanty 1989).  

Rural people of the high land of Preanger cultivated the 
dry land rice in the forest by rotation system. The plot of 
mature forest was selected. Moreover, it was cut and all 
vegetation biomasses were burned during the dry season. 
Before the rainy season, the land was planted by local dry 

land rice varieties and various annual non-rice crops, 
including various beans, cucumber, and cassava. After 
harvesting rice, the swidden field was fallowed between 5 
and 10 years due to soil fertility decreased and it was 
regrown by succession of immature and lately become 
mature forest. The swiddeners moved to other forest areas 
and cultivated the dry land rice in the same procedure as 
mentioned earlier. After soil fertility of the fallowed land 
had been recovery by reason of top soil get matter of litters. 
Moreover, the fallowed mature secondary forest was 
recultivated by the dry land rice. The rural people practiced 
the swidden farming system was based on the local 
knowledge, identically named as the local ecological 
knowledge or traditional ecological knowledge system, and 
cosmos or belief system(cf. Toledo 2002; Berkes 2008; 
Iskandar and Iskandar 2016a). In terms of the local 
ecological system, for example, the farmers owned 
knowledge on various flora, fauna, soil types, soil 
fertilities, climate, and pests. In addition, almost in every 
stage of the swidden farming activities, such as cutting 
shrubs, planting and harvesting was performed by 
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traditional ritual due to farmers’ belief in the rice goddess 
which is locally named as Nyi Pohaci in the Sundanese or 
Dewi Sri in the Javanese (cf. Iskandar and Iskandar 2017). 
Since the swidden farming system was practiced based on 
the local ecological knowledge and cosmos, population still 
low, and economic subsistence, the destruction of 
environment was avoided. Indeed, the swidden system was 
traditionally practiced in sustainable system (cf. Conklin 
1957; Dove 1985; Padoh 1986).  

The swidden farming system of the high land of 
Preanger was seriously changed due to the Dutch Colonial 
Government policy that the swidden faming system was 
legally prohibited due to cut and burn forest and considered 
as disturbing forest and soil fertility (cf. Kools 1935). 
Ironically, at the same time, the forest areas of high land of 
Preanger was enormously cut and dramatically converted 
to commercial garden through the culture system (cultuur 
stelsel or tanam paksa) which was practiced in the 1830-
1870 (Gertz 1963). Based on the culture system program, 
the forest areas were predominantly planted by various 
crops, including tobacco, pepper, coffee, and cinchona that 
were considered as commercial commodities and highly 
demanded in Europe. Consequently, huge area of forest in 
high land of Preanger was inevitably opened (Boomgaard 
1997). Indeed, biodiversity of flora and fauna extremely 
decreased due to converted by commercial crops.The end 
of the culture system, it was introduced the Agrarian Law 
in 1870. Based on the Agrarian Law, the forest land was 
leased to land lords for approximately seventy five years. 
As a result, some commercial private plantations of 
tobacco, coffee, tea, and cinchona were established in some 
areas of Preanger high land (Kunto 1986). After Indonesian 
independent, the former Dutch plantation was taken over 
by the Indonesian Government. While the production forest 
was managed by the Forest Service (Dinas Kehutanan) of 
West Java, thereafter it was managed by the State Forestry 
Corporation (Perhutani). Since the Dutch Colonial, the 
rural people of West Java were involved in various jobs of 
forest management as laborers. For example, they involved 
in the tumpang sari program activities (cf. Peluso 1992). 
The tumpang sari was initially intended to plant forest trees 
that are combined with annual crops. In addition, this term 
has popularly used as planting crop with mixed-cropping 
between annual and perennial. Indeed, some studies on 
ecological history of the forest in relation to the 
government policy, and involvement of rural people in the 
tumpang sari program over time in Java have been studied 
by some scholars (Geertz 1963; Peluso 1992; Boomgaard 
1997; Nawiyanto 2009).  
 Because the demand of agricultural land has increased, the 
forest areas of the high land are extensively cultivated by 
rural people, particularly for planting commercial 
vegetables. As a consequence, some areas of the high land 
of West Java, such as Lembang, Ciwidey and Garut have 
been popularly known as center of vegetable production 
(cf. Hardjono 1991). The vegetable farming has provided 
income for rural people who reside in the surrounding 
forest. However, the vegetable farming practiced in the 
steep terrain of highland forest of West Java without 
making terracing land has also caused of environmental 

destructions, such as soil erosion and land degradation (cf. 
Hardjono1991; Brookfield 1997). The Palintang people of 
Cipanjalu village recognized as one of the upland village 
communities of West Java who have continuously involved 
with farming in the forest ecosystem. In the past they 
traditionally engaged in the swidden farming system to 
cultivate upland rice in the forest. Today, the Palintang 
people are different from the Baduy of South Banten, 
Kasepuhan of South Sukabumi, Kemang of Cianjur, and 
Karangwangi of Cianjur in that they have not persistently 
engaged in the swidden farming (Iskandar 2007; 
Adimihardja 1989; Kosuko et al. 2013; Iskandar et al. 
2016). Indeed, the Palintang people have not cultivated the 
irrigation rice field (sawah) system. However, until now 
they have generally acquired the household income, 
particularly food supply. The Palintang people have been 
maintaining the sustainability of their livelihoods because 
they have been able to develop some social-ecological 
resiliencies, including the development of the kebun 
campuran (mixed garden) system and the pekarangan 
(homegarden) system in their land village, and 
continuously engaged in the farming of the forest (the 
tumpang sari), namely cultivated the commercial 
vegetables. In other words, the Palintang people have 
developed adaptation capacity to various social-ecological 
changes, particularly the forest ecosystems to maintain 
their livelihoods (cf. Barkes and Ross 2013). According to 
Barkes and Ross (2013), the community strength that assist 
the development of resiliency obviously vary from 
community to community, and the most import ants of 
these namely people-place connection, values and beliefs, 
knowledge, skill and learning, social networks, engaged 
government (involving collaborate system), a diverse and 
innovative economy, community infrastructure, leadership; 
and a positive outlook, including readiness to accept 
change.  
 The paper elucidates the development of agro-ecosystem 
of a highland West Javanese hamlet in relation to social-
ecological-changes, particularly the forest ecosystem 
changes over time. The Palintang area was chosen as 
location for case study due to some reasoning, including 
the people of Palintang people have practiced the tumpang 
sari for a long time, since the Dutch colonial until today; 
and they did not have irrigated rice field (sawah) but 
getting income from the tumpangsari in the mixed-garden, 
the homegarden, and the vegetable garden in the forest. In 
addition, the practicing of the tumpang sari system of the 
Palintang has dramatically changed recently due to various 
factors, such as population increase and intensive market 
economic penetration. As a consequence, although the 
commercialization of the tumpang sari system of both in 
the mixed-garden and the vegetable garden of the forest of 
the Perhutani, it has caused dilemma between providing 
income for rural people and causing of environmental 
destruction for the near future.  

Four aspects will be elucidated in this paper namely: (i) 
historical change of natural forest of the Palintang since the 
Dutch colonial until today; (ii) establishment of settlement 
and homegarden, and development of mixed-garden of the 
Palintang people; (iii) the vegetable trading of Palintang 
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high land people; and (iv) the intensive the vegetable 
farming of the tumpang sari of the Perhutani forest, and 
dilemma between providing income for the rural people 
and environmental destructions. 

MATERIALS AND METHODS 

Study area 
This research was carried out in the Palintang hamlet, 

Cipanjalu village, Cilengkrang sub-district, Bandung 
district, West Java, Indonesia (Figure 1). Geographically, 
the Palintang hamlets is located at approximately latitude 
1070 43’ 30”-107044’00” North and longitude 6045’15”-
6051’30” East. The Palintang is a high land that lies of 
north of Bandung city, West Java. It is located in 
approximately latitude 800-1,400 m above sea level, with 
has air temperature between 180 and 200 Celsius. The 
Palintang hamlet is surrounded by pine forest and cinchona 
plantation of Bukit Unggul of PTPN VIII, Lembang, the 
pine forest of Manglayang Barat to the East, the pine forest 
of Gunung Pulosari, and the pine forest of Manglayang  

Barat to the South. The location of Palintang hamlet is 
approximately 7 km from the capital of Ujung Berung sub-
district, Bandung municipality to the south, and 
approximately 23 km from the Lembang of Bandung 
district to the north. To reach this area by vehicle requires a 
travel time of less than 30 minutes from the direction of 
Ujung Berung to Lembang area crossing the asphalt road. 

Initially in 1830s, the hamlet of Palintang, Cipanjalu 
village consisted of several houses. Furthermore, since the 
population had increased, the number of houses also 
increased. Indeed, after Indonesian Independent, the 
population of Palintang has rapidly increased. For example, 
population of Palintang hamlet in 1999, 2004, 2008, 2010, 
and 2015 was recorded 420 individuals, 840 individuals, 
1,345 individuals, 1,945 individuals, and 2,545 individuals, 
respectively (Cipanjalu statistical data, 2015). About 75 per 
cent of people of Palintang have main occupation as farmer 
and farmer laborer. They have predominantly practiced the 
tumpang sari in their own land for cultivating the mixed-
garden and the homegarden in the village and the 
cultivating commercial vegetables tumpang sari in the 
forest of the State Forestry Corporation (Perhutani).  

 
 

 

 
 

 
Figure 1. Study site Palintang hamlet, Cipanjalu village, Cilengkrang sub-district, Bandung district, West Java, Indonesia  
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Procedure 

Method used in this study was mixed method, dominant 
qualitative and less dominant of quantitative (Cresswell 
1994). Some techniques namely observation and interview 
were applied to collect field data (Cresswell 1994, Newing 
et al 2011). In addition, the survey of plants was 
undertaken. The observation was applied to observe the 
condition of the human resettlement, the homegarden, the 
mixed-garden and the forest. The deep interview was 
undertaken to competent informants, such as informal 
leaders, formal leaders, old male and ffemale famers, 
middlemen, and the State Forestry Corporation (Perhutani) 
staff that were purposively carried out. While inventory of 
plants , it was undertaken based on 46 samples of home 
garden and 26 samples of mixed-gardens that was based on 
randomly selected from the total population.  

Data analysis 
The qualitative data was analyzed by cross-checking, 

summarizing and synthesizing from various sources, 
namely observation, semi-structure or deep interview, and 
secondary data; moreover, it was descriptively narrated 
(Newing et al 2011). Various plants of the homegarden and 
garden were identified in the taxonomy and herbarium 
laboratory of the Department of Biology, Padjadjaran 
University. While to analyze data of relative population of 
plant community was used SDR (Summed Dominant 
Ratio) index of Numata 1974 (Iskandar and Iskandar 
2016), namely:  

 
   Fr + Dr  
SDR = ------------  
   2   
 
Where:  
SDR = Summed Dominant Ratio,  
F = Frequency,  
Fr = Relative Frequency,  
D  = Dominance,  
Dr  = Relative Dominance 
 
 
 Number of homegarden or garden samples is found a species 
F = --------------------------------------------------------------  
  Total number of homegarden or garden samples  
 
   Frequency of a species 
Fr = ----------------------------------- x 100  
 Sum frequency of all species  
 
 Number of individual of species a 
D = ------------------------------------------------- 
  Total number of individual of all species  
 
 Dominance of a species 
Dr =  -----------------------------  
 Dominance of all species 
 

Plant species which high SDR index can be inferred 
such species is predominantly found and high individual 
number in the homegarden or mixed-garden.  

RESULTS AND DISCUSSION 

Historical change of forest  
Based on ecological or environmental history of West 

Java, the high land forest ecosystem of West Java, 
including the high land of Palintang area, Cipanjalu village, 
northern Bandung, has changed over time (cf. Geertz 1963; 
Elson 1994; Boomgaard 1997; Julaeha 2010; Breman 
2014). The ecological forest changed of Palintang area can 
be divided into 3 main periods, namely the Dutch colonial 
(1830-1942), the Japan colonial (1942), and post-colonial 
period (1945-present time).  

The Dutch colonial period (1830-1942) 
On the basis ecological history, in the past Palintang 

area was covered by the natural forest (leuweung 
geledegan). It was traditionally used for practicing of 
swidden farming (huma or ladang) of the village people. 
The farmer cut and burned forest, and planted by various 
upland local rice varieties mixed with other annual crops. 
After harvesting rice, the land was fallowed between 5 
years and 10 years, and it was allowed to change to the 
immature and secondary forest by the forest succession 
process (cf. Iskandar 1998; Iskandar et al. 2016). The 
farmers moved to another forest area and opened the plot of 
forest to crop upland rice. They will come back and 
recultivated the secondary fallowed land, after soil fertility 
was recovered.  

The forest of Palintang dramatically changed due to 
introduction of the culture system (cultuurstelsel) that was 
introduced by van den Bosch who was the Governor 
General in Java between 1830 and 1833. Van den Bosch as 
Governor General wanted to get export production moving 
as quickly as possible from Java to pay interest owed in the 
motherland to reduce outstanding capital loans (Elson 
1994). The cultivation system obliged peasants, instead of 
paying rent and taxes, to plant cash crops on one-fifth of 
their land, or alternatively to work 66 days a year on 
government owned estates or projects (Geertz 1963; Elson 
1994; Iskandar 1998). Various annual cash crops, such as 
sugar cane, indigo, and tobacco were grown on sawah in 
rotation with rice, while perennial crops, such as coffee, 
tea, pepper, cinchona, and tobacco were grown in the 
uplands for sale on the world market (cf. Geertz 1963; 
Elson 1994; Julaeha 2010). In relation to the culture system 
program in the Palintang and adjacent areas, the Bukit 
Unggul Mountain was planted by kina/cinchona 
(Cinchonacalisaya (Rubi.). Based on the Ethnobotany 
study, originally this plant came from Peru, Latin America. 
Its bark has been traditionally used by Inca ethnic group as 
anti-malaria disease. The cinchona was introduced to Java 
by the Dutch colonial in 1854 from mountain slope of 
Andes, South America (Whitten et al. 1999). Initially 
cinchona was planted in Cibodas and was moved to 
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Malabar, Pangalengan South Bandung and also 
predominantly planted in some areas of high land of North 
Bandung, including Bukit Unggul Mountain as direct 
border area of Palintang forest (Kunto 1986). As a result, 
the cinchona plantation of high land West Java produced 
and supplied 97 per cent of the world cinchona production 
in 1930s (Balix and Cox 1997).  

Since the culture system program was needed some 
laborers, such as for land preparation, planting crops, 
taking care of crops, and harvesting crops, the local labors 
from different villages, such as Bandung, Sumedang, 
Subang and Garut were involved. For example, some 
laborers could be involved in cutting wood trees, hoeing 
the land, and planting cinchona seedlings. They daily 
worked from 8.00 am to 2.00 pm and were paid in every 15 
days (Retnowati 1999). In addition, they were also entailed 
in the program activities of farming tobacco (Nicotiana 
tabaccum L) in the forest. The tumpang sari system was 
applied in tobacco crop farming. This crop was planted 
mixed with wood tresses, such as puspa (Schiwa walachii 
(DC) Korth) and akasia (Akasia sp). At the same time, 
some rural people was continuously practiced the swidden 
farming. Furthermore, they established the settlement by 
cutting trees and constructed houses (Retnowati 1999; 
Wibawa 2011).  

In 1870 the culture system program terminated and the 
Dutch colonial introduced the agrarian law. The agrarian 
law was declared by the colony ministry, Engelbertus de 
Waal on 9 April 1870 and announced in a decree 
(staatsblad) No. 55/1870. According to the agrarian law, 
the private businessmen or land lords could rent land with 
own right erfah for a long time approximately 75 years 
(Julaeha 2010). As a result, some eminent private 
plantations developed in some areas of West Java, 
including Bogor, Sukabumi, Garut, Bandung, Lembang, 
and Sumedang (cf. Kunto 1986; Julaeha 2010) 

The Japanese Colonial (1942-1945) 
During the Japanese colonial occupation, some forests 

areas of Manglayang and Palintang was converted to 
plantation of kaliki (Ricinus communis L), haramay 
(Boehmeria nivea (L) Gaudich), and teureup (Artocarpus 
elastica Reinw ex Blume). The kaliki was planted in the 
plantation due to the Javanese colonial demanded it for 
source of botanical oil production that is needed as gun and 
machine lubricant for war purpose While, the haramay and 
teureup were demanded for raw materials of making 
clothes, bullet proof clothing, material roof, and so on. In 
addition, the local people traditionally used haramay fiber 
for material woven clothes, and cloth to hold baby. 
Although the cloth that was made of harmay fiber hard and 
rough, the clothing was still used due to lack of the cloth 
and the food at that time. During the Japan colonial, the 
plantation of haramay was established not only in 
Manglayang and Palintang but also in other areas of West 
Java, including Lembang, Garut and Ciamis. However, the 
plantation of kaliki and haramay could not sustain due to 
these plantations were converted to agriculture land and 
settlement of the village people.  

The post-colonial period (1945-present time) 
After Indonesian independence, the cinchona of norther 

Palintang, Manglayang was taken over by the Plantation 
Service state (Dinas Perkebunan), and later on was 
managed by PTPN VIII Perkebunan Kina. Furthermore, the 
other forest area of Palintang, Western Manglayang was 
converted to the forest production of pine (Pinus merkusii 
Jungh and De Vriese) trees. The rehabilitation of the forest 
of pine trees was planted by tobacco crops (Nicotiana 
tabaccum L) mixed cropping (tumpang sari) with some 
wood tresses, such pine (Pinus mercusii Jungh), maesopsis 
(Maesopsis eminii Engl) and lamtoro gung (Leucaena 
leucocephala (Lam) de Wit), and the edge part of plot was 
planted by suren (Toona sureni (Blume) Merr) trees. The 
pine saplings were planted in a row with distance among 
saplings approximately 60 x 80 cm, and was intercropped 
with tobacco crops with planting distance of 60 x 80 cm. 
Local people of Palintang involved as laborer of the 
management of the pine forest production activities of the 
tumpang sari program of the the the Forest Service (Dinas 
Kehutanan). They were engaged in preparing land, 
seedling tobacco, planting young tobacco trees, weeding, 
and harvesting tobacco leafs. At the period of 1942-1962, 
because the houses of the Palintang people were burned by 
DI/TII, the people of Palintang evacuated to Ujung Berung 
area. Consequently, the tobacco plantation was abandoned 
and converted to the immature forest (leuweung ngora). In 
1962 people of Palintang came back to their former hamlet 
were escorted the Indonesian national army (TNI) due to 
hordes of DII/TTI have been successfully crushed by TNI. 
In addition, people of Palintang gave a variety of subsidies 
by the government, including rice, hoe, and plant seeds. 

In 1972 the Forest Service (Dinas Kehutanan) was 
changed to the State Forestry Corporation (Perhutani). The 
program of tumpang sari of cropping tobacco mixed with 
pine trees, however, has not significantly changed. Since 
the land slide disaster occurred, the practice of tumpang 
sari in the forest of Palintang was prohibited since 
1972until 1980.In 1980, the tumpang sari activity was 
allowed due many requests by people. At that time, the 
tobacco crop was replaced by vegetables, such as kol 
(Brassica oleracea var cavitata), kentang (Solanum 
tuberosum L), tomat (Lycopersicon lycopersicum (L) 
Karsten), and so on due tobacco crop farming considered 
not good for soil fertility. In addition, the tobacco 
considered as has long harvesting time approximately 10 
months. In 1983, the tumpang sari program was prohibited 
again due to the flooding in Citarum watershed. However, 
some people moved to cultivated vegetables in the forest of 
Sumedang instead of stop planting vegetables (Retnowati 
1999). In 998 the national monetary crisis (krismon) 
occurred and predominantly negative affected to socio-
economic rural people. Therefore, the tumpang sari 
program was allowed again to improve social-economic 
rural people. Nowadays, the tumpang sari program has still 
intensively applied and to achieve the sustainability of 
forest function and to optimize its benefit, the State 
Forestry Corporation (Perhutani) has promoted the 
introduction program that is named the community-based 
forest management (Pengelolaan Hutan Bersama 
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Masyarakat-PHBM) (cf. Bahruzin et al. 2014 ). Based on 
this program, the people who engaged in the tumpangsari 
program in addition to plant vegetable must plant banana 
(Musa paradisiaca L) and coffee trees (Coffea arabica L).  

Establishment of settlement  
As mentioned earlier, the forest of West Palintang area 

was initially covered by the natural forest (leuweung 
geledegan) and traditionally used to practice the swidden 
cultivation (huma or ladang) (cf. Geert 1963; Abdoellah et 
al 1997; Iskandar and Iskandar 2011). Furthermore, during 
the Dutch colonial at the beginning 1830s, the forest of 
Palintang, Mangalayang, Bandung was planted by 
commercial crops such as tobacco (Nicotiana tabacum L) 
in mixed cropping (the tumpang sari) system. At that time, 
the local people were involved as laborer of the 
tumpangsari program of tobacco and cinchona plantation 
in the forest. Moreover, some of the laborers established 
houses (ngababakan) in the former swidden fallowed 
secondary forest. The sloping ground was made plate to 
buildstilt houses that are made of wood, bamboo and alang-
alang (Imperata cylindrica C.E. Hubb) leaf. Therefore, 
based on the environmental history, it is widely accepted 
that the Palintang settlement or hamlet was originally 
developed from the forest (Figure 2). While the Palintang 
name is initially derived from the world ‘land was 
flattened’ (dipalintangkeun). Since the settlement was 
established by preparing the land of secondary forest was 
flattened and followed by construction of houses 
(Retnowati 1999; Wibawa 2011). Today, the forests have 
been planted by pine trees and farmed by the commercial 
vegetable crops (Photo 1 and Figure 4).  

The homegarden system 
The homegarden or pekarangan is a land surrounding 

house that is planted by various annual and perennial crops. 

The homegarden of Palintang has distinctive structure. 
Some of the homegardens have stables of cattle, 
particularly sheep stables, and fish pond (Figure 5). The 
homegarden has not intensively cultivated. However, some 
annual and perennial crops are found in the homegarden. 
Since the plant structure of the homegarden is similar to 
that of the forest and providing the forest functions, and 
also provide socio-economic function, this agroecosystem 
can categorized as the traditional agroforestry (Soemarwoto 
and Soemarwoto 1984; Iskandar and Iskandar 2016). 

On the basis of the plant survey conducted to 46 
homegardens of Palintang hamlet, it was recorded 42 plant 
species. These plants can be categorized into 7 main 
functions, namely additional staple food/carbohydrate 
source, fruit, vegetable, ornamental, spice, industry/ 
commercial, and wood (Table 1). Based on Table 1 it was 
revealed that 3 categories of plant function, namely 
additional staple food/carbohydrate source 13 species 
(30.95 %), fruits 12 species (28.57 %), and vegetables 7 
species (16.66 %) were predominantly found in the 
homegardens of Palintang hamlet.  

 
Table 1. Plant diversity of homegarden of Palintang hamlet, 
Cipanjalu village, West Java, Indonesia 
 

Main function Species 
number 

Percentage of 
the total (%) 

Additional staple food/ 
carbohydrate source 

13 30.95 

Fruits 12 28.57 
Vegetables  7 16.66 
Ornamentals 5 11.90 
Spices 3 7.14 
Industry and commercial/coffee 1 2.38 
Wood 1 2.38 
Total  42 100.00 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Evolution of the settlement derived from the forest in Palintang hamlet, Cipanjalu village, Bandung, West Java 
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Figure 3. Pine forest of Palintang hamlet, Cipanjalu village, West 
Java, Indonesia 
 
 
 

 
 
Figure 4. The tumpang sari system in forest of Palintang hamlet, 
Cipanjalu village, West Java, Indonesia, vegetable crops are 
mixed with pine trees 
 

 
Because the wet-rice irrigated to produce rice as staple 

was not found in the Palintang hamlet, the number species 
of staple food/carbohydrate sources were predominantly 
found in the home garden of this area. Some species of 
additional food, including singkong (Manihot esculenta 
Crantz), ubi jalar (Ipomoea batatas L), talas (Colocasia 
esculenta (L) Schott), ubi manis (Dioscorea alata L), and 
sagu (Maranta arundinacea L) were found in the 
homgardens. Indeed, since the Palintang hamlet is located 
in the high land with owns low temperature, the species 
number of vegetables were also predominantly found in the 
homegardens (cf. Karyono 1990).  

 
 
Figure 5. Structure of homegarden of Palintang hamlet, Cipanjalu 
village, West Java, Indonesia, house, sheep stubble, fish pond, 
and various annual and perennial plants  
 
 

Based on the analysis of SDR index, it was recoded 
some plant species including sampeu kadopo (Manihot 
escultenta Crantz, SDR=13.37), pisang ambon lumut 
(Musa paradisiaca L, SDR=13.30), ganyong (Canna 
edulisKer, SDR=4.94; Cau ambon jepang (Musa 
paradisiacaL, SDR=4,94); brungkol (Brassicaoleracea var 
botrytis, SDR=4,83), and talas bogor (Collocasia esculenta 
(L) Schott, SDR=4.08) that have high SDR index. Based 
on this data, it can be inferred that those species have been 
an important role for the people of Palintang hamlet and 
also appropriate growing in the local environment of this 
area.For example, banana fruit with some cultivars can 
almost be monthly harvested and its production is 
traditionally used for home consumption and some 
surpluses can be sold to village middlemen (bandar desa or 
pengepul). In addition, some additional staple food species, 
such as gangyong and talas bogor have been an important 
as source of the carbohydrate. They are predominantly 
cooked for making various traditional cakes made and 
predominantly consumed with drink a glass of tea or coffee 
in the morning or afternoon (ngaleueut teh or ngopi)(cf. 
Igarashi 1985). While brungkol, it is predominantly sold to 
the village middlemen to obtain cash income of the 
households.  

The mixed-garden system 
The mixed-garden (kebon or kebun or kebun campuran) 

is a land located outside the homegarden. It is placed in 
hilly areas neighboring of the pine forest of the State 
Forestry Corporation (Perhutani). The mixed-garden of 
Palintang is predominantly planted by annual and perennial 
crops with mixed cropping (tumpang sari or campuran) 
system. The annual crops, however, are predominantly 
planted by vegetable due to appropriate with the local 
climate that has cold air temperature and have good price 
for trading (Figure 6). 
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Unlike the homegarden system, the mixed-garden 
system has intensively managed. The practice of mixed-
garden cultivation of Palintang people is similar to that of 
tumpang sari in the forest. The tumpang sari system in the 
forest can be considered as modification of the traditional 
swidden cultivation. The people of Palintang cultivate the 
forest plot by cutting shrubs, burning shrub biomasses, and 
panting annual crops, particularly vegetable crops. After 
harvesting the annual crops, the land can be fallowed and 
change to secondary forest. The people move to other 
forest areas to cut and burn shrubs, and planting vegetable 
crops. The practice of garden system of Palintang is similar 
to that of the forest. But they practice of the mixed-garden 
in their land instead of the Perhutani forest. In addition, 
after harvesting the annual crops, the mixed-garden land is 
predominantly recultivated and rarely fallowed to become 
secondary forest by the forest succession process. 
Nowadays, however, due to lack of the mixed-garden land, 
some people of Palintang have cultivated the Perhutani 
forest by involving the tumpang sari program. They have 
cultivated the vegetable crops and must also planted coffee 
and banana trees to provide income for the local people and 
conservation of the forest (Figure 7). 

There are 4 main stages of farming mixed-garden, 
namely land preparation (penyiapan lahan); planting crops 
(tanam); managing or looking after the garden (ngarawat 
kebon) including weeding and providing fertilizer; and 
harvesting crops (panentanaman) (Figure 8). 

Land preparation 
Land preparation of mixed-garden consists of some 

activities, mainly cut shrubs (ngababad semak-semak), dry 
shrub of biomass cut (ngagaringkeun),hoe the grasses and 
tree roots(ngalenangkeun), loosen soil (nggemburkeun), 
hole soil (ngaliangan),fertilize soil (ngagemuk) and re-dry 
soil (moyankeun mindo). Firstly, cutting shrubs is 
undertaken by using sickle (arit), big knife (bedog), and 
hoe (pacul). Secondly, all shrubs grown under trees are 
totally cut and freely grown shrubs. Thirdly, the shrub 
biomasses are dried by the sun shine (ngagaringkeun) to 
easily burn. Forth, the root of trees and grasses are hoed 
(ngalenangkeun). All vegetation biomasses are collected to 
be some piles and burned it (ngaduruk). While the wet 
biomasses are dumped by soil (ngaruang) to be rotten and 
produce compostas organic fertilizer. These works of land 
preparation are usually carried out on June, before rainy 
season. The next month, on July soil loosed 
(digemburkeun) and reversed of 30 cm deep by hoe. The 
hoed soil are fallowed and dried by the sun shine 
(moyankeun) of about between 3 and 4 weeks. Then, on 
August, the loosen soil is re-hoed to remove grasses that 
have growing during the dry soil time (moyankeun). 
Afterward, the soil surface is holed (ngaliangan) to put 
crop seeds with distance among individual crops between 1 
and 2 meters. Each hole is put fertilizer (ngagemuk). Then, 
the land is re-dried of the sun shine (moyankeun mindo) 
and fallowed to wait the beginning of the rainy season. 
Lastly, on the beginning of rainy season, normally between 
October and November, seed of crop in put (melak) in each 
ground soil hole that has been made. 

The land preparation for cultivating crops in the mixed-
garden is annually undertaken three times. Due to the land 
is predominantly planted by annual crops of harvesting 
time between three and four months. As a result, after the 
first harvesting of the annual crops and land is recultivated. 
Firstly, the biomass of the harvested crops and grasses are 
cut out (ngalenangkeun) without land dry first 
(moyankeun). 

 
 
 

 
 
Figure 6. Garden of Palintang is predominantly planted vegetable 
crops in the mixed-garden in Palintang hamlet, Cipanjalu village, 
West Java, Indonesia 
 
 
 
 

 
 
Figure 7. The pine forest is predominantly planted with the coffee 
and banana tress of the tumpang sari program of the Perhutani in 
Palintang hamlet, Cipanjalu village, West Java, Indonesia 
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Land preparation  Hutan Pinus (Pine forest)   

     

June  Ngababad (clean)  Cutting underbrush by a chopping knife 

     

  Ngagaringan (dry)  All cut organic matter is dried by sunlight 

     

  Ngalenangkeun (hoe)  Clean tree roots and grasses by hoeing 

     

July  Ngagemburkeun (hoe)  Soil is hoed to make soil loose and good aeration 

     

August  Moyankeun (dry soil)  Soil is dried  

     

  Ngaliangan (making hole)  Making hole in the ground with special distance 

     

  Ngagemuk (manure)  Place manure in the holes 

     

  Moyankeun mindo (re-dry soil)  Soil is re-dried 

     

September-October     

Planting  Melak (plant)  Place crop seed in the holes 

     

Look after  Ngored (weed with kored)  the garden is completely weeded by kored 

     

  Nyemprot (spray using pesticides)  The crops are sprayed by pesticides 

     

January-February     

Harvest   Panen (harvest)  Each crop is harvested and carried to hamlet 
 
 
Figure 8. Various activities are carried out in crop cultivation in the mixed-garden of Palintang hamlet, Cipanjalu village, West Java, 
Indonesia 

 
 
 

The planting crops 
On the mixed-garden, the banana (Musa paradisiaca L) 

trees are initially planted. If the garden is aimed to plant the 
banana trees only, distance between individual banana trees 
is decided about between 2 and 3 meters. However, if the 
mixed-garden is aimed to plant banana trees and other 
annual crops, the distance among the individual banana 
trees are planted with has distance between 5 and 10 
meters. It is intended if the banana trees have on high 
grown, its canopy cannot shading other crops that are 
planted mixed with other annual crops. Based on the local 
ecological knowledge of Palintang people (emic view), at 
the beginning rainy season, normally October, various 

crops that demand a lot of water, including brungkol 
(Brassica oleracea var botrutis), brokoli (Brassicaoleracea 
italic), kubis daun/kol (Brassica oleracea var capita), 
kunir/koneng (Curcuma domestica Val), cabe rawit/cengek 
(Capsicum frutescens L), jagung (Zea mays L) and tomat 
(Lycopersicon lycopersicum (L) Karsten) are commonly 
planted.Similarly, based on agronomic point of view (etic 
view), these crops generally demand a lot of water and 
suitable to plant in the rainy season due to much water 
availability (William et al. 1996). In general those crops 
can be readily harvested about between three and four 
months after planting, except cabe rawit and kunir can be 
continually harvested more than 4 months.  
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Table 3. Diversity crop of the mixed-garden of Palintang hamlet, 
Cipanjalu village, West Java, Indonesia 
 

Main function Species 
number 

Percentage of 
the total (%) 

Vegetables  15 31.91 
Fruits 13 27.65 
Additional staple food/ 
Carbohydrate source 

10 21.27 

Wood 4 8.51 
Spices 2 4.25 
Ornamentals 2 4.25 
Industry/Coffee 1 2.12 
Total 47 100.00 

 
 
After harvesting some crops, brungkol, kubis, brokoli, 

jagung and tomat, afterward, the mixed-garden is 
reculivated by other annul crops, such as pak choy 
(Brassica chinensis), petsay/pecay (Brassica chinnsis var. 
parachinensis) and sawi hijau (Brassica rapa var 
parachinensis) that demand both a lot of water and 
appropriate sun shine intensity to avoid easily to be rotten 
crops.  

On the beginning of the dry season, the mixed-garden is 
predominantly grown by various crops that less demand 
water, including labu siam (Sechium edule (Jacq) Swartz), 
talas (Colocasia esculenta(L) Schott), kacang tanah 
(Arachis hypogaea L), kacang merah (Phaseolus vulgaris 
L), kacang endul (Phaseolus sp), kacang buncis (Phaeolus 
vulgaris L), kentang (Solanum tuberosum L) and singkong 
(Manihotesculenta Crantz). While the farmers who have 
not appropriate capital, after first harvesting, the garden is 
only planted by singkong (Manihot esculenta Crantz). 

Crop diversity 
Based on plant survey on 28 mixed-garden of Palintang 

people, it has been recorded 47 species that can be 
categorized to 7 main functions. The number of species is 
predominantly categorized by vegetables 15 species (31 
%), fruit 13 species (27.65 %), and additional 
food/carbohydrate source 10 species (21.27 %) (Table 3). 
While the crops were recorded as a high value of Summed 
Dominant Ratio index such as pisang (Musa paradisiaca L, 
SDR=10.21), kol (Brassica oleracea var capitata, 
SDR=8.04), kacang merah (Phaseolus vulgaris, 
SDR=4.80), and alpuket (Persea americana Mill, 
SDR=4.51). Since the Palintang has cold climate and soil 
fertile, the vegetable crops are predominantly cultivated in 
the mixed-garden. In addition, because the demand of 
vegetable has increased in the Bandung town and other big 
towns of West Java, the price of vegetable production are 
higher. As a result, the high land of Palintang, Lembang, 
Ciwidey and Garut has been known as center of the 
vegetable production of West Java (cf. Hardjono 1991; 
Sugino et al. 2008).  

Look after 
After panting, the next important task necessary ensures 

a successful crop harvest is weeding. About one month 
after planting, the mixed-garden is already covered in 
weeds. As a consequence, it is common that during the 

month of November, the mixed-garden is undertaken 
weeded by as mall hoe (kored) in order to minimize soil 
nutrient competition between crops and weeds. The 
weeding is usually repeated in each week or two weeks, 
before the crop productions are harvested. Moreover, in 
order the crops properly grow, such plants are provided the 
inorganic fertilizers, namely NPK and TSZA that are 
bought from shops of agriculture in the urban area. In 
addition, some organic fertilizers, such as dung of cattle, 
sheep, and chicken are provided to plants in the mixed-
garden. The proportional dose of organic and inorganic 
fertilizer is commonly applied inorganic 3: 1. For example, 
for the garden of 1,400 m2 (1 tumbak), the farmer 
predominant apply the organic fertilizer of dung animals 
150 kilograms and inorganic fertilizer 50 kilograms. 
However, some people the inorganic fertilizer are higher 
with the proportional 2: 1, meaning provide organic 
fertilizer 250 kilograms and inorganic fertilizer 125 
kilograms. 

To avoid pests, the mixed-garden is sprayed 
(disemprot) the chemical pesticides. The spraying 
pesticides arepredominantly carried out in each two weeks 
when the plants have grown between two and four months 
after planting. Indeed, some farmers have intensively 
sprayed the chemical pesticides to crops, particularly for 
kentang/potato crop (Solanum tubersum L), predominantly 
undertaken between 3 and 12 times. In general in each 
spraying pesticides is used 250 milli liters (0.25 liters) 
liquid pesticides are mixed with 1 kilogram of pesticide 
powder to spray of garden that has size about 7,000 m2(500 
tumbak). Although the intensification of use chemical 
fertilizer has some benefits to kill pest, it has some negative 
impacts to environment, such as kill various pest enemies 
and beneficial insects, such as bees, and soil and causing of 
water pollution (cf. Damalas and Eleftherohorinos 2011; 
Winarto 2016).  

Some diseases are predominantly found to attack potato 
crop of the garden of Palintang people, including ‘jaram’ 
disease. The some visual diagnostics that potato crop is 
attacked by this disease, mainly potato leafs have blackish 
color and dry at the tuber growing time. Based on the 
Western knowledge, this disease is caused by some viruses 
that are distributed by a kind of bug leafs (Septiadi and 
Fikri 1993).  

Harvesting 
The harvesting of various crops of the mixed-garden is 

undertaken at different times. For example, some crops 
including brungkoli (Brassica sp) , engkol (Brassica 
oleracea var cavitata), and jagong (Zea mays L) are usually 
harvested about between three and four months after 
planting. They are predominantly planted in October and 
harvested in January. While other crops, such as paksoy 
(Brasica rapa subsp chinensis), pecay (Brasica chinensis 
(L) C.Zern) and sosin (Brasica chinensis (L) C.Zern) can 
be harvested in approximately 3 months after planting. 
They are traditionally planted in December and harvested 
in February. The cassava or singkong (Manihot esculenta 
Crantz) can be predominantly harvested one year after 
planting. Unlike other crops, the banana/pisang crop (Musa 
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paradisiaca L)can be continuously harvested in each 
month due to continuous regeneration of young trees 
(Table 4) 

The vegetable trading of Palintang people 
The marketing of various crop productions of the 

mixed-garden of Palintang, particularly vegetable 
productions harvested from both the mixed-gardens of the 
village area and the vegetable gardens of Perhutani forest 
can be categorized into two systems. Firstly, the vegetable 
productions have predominantly sold to the village 
middlemen (pengepul desa). Secondly, they have directly 
sold by farmers to carry to traditional markets, such as 

Ujung Berung market and other markets in Bandung urban 
areas (Figure 9).  

Based on the farmer perception of Palintang people, 
they have preferred to sell vegetable production to village 
middlemen. Because although the price of selling the 
vegetable has been lower than that of selling directly to 
sold to middlemen in the traditional market, but selling 
vegetable crop production to village middlemen has been 
more easily and more practice. In addition, they have not 
needed the transportation cost to carry vegetable 
production to market place. For selling the vegetable 
production, many village middlemen have usually come to 
farmers and buying the vegetable production by cash after 
harvesting. Indeed, in some cases the village middlemen  

 
 
Table 4. Various plants of the mixed-garden are predominantly cultivated by the Palintang people, Cipanjalu village, West Java, 
Indonesia 
 
Local name Scientific name Main function Cropping time (months) 
Brungkol Brassica oleracea var botrytis Vegetable October-January 
Brungkoli Brassica sp Vegetable October-January 
Buncis Phaseolus vulgaris L Vegetable April-August 
Engkol Brassica oleracea var cavitata Vegetable October-January 
Jagong Zea mays L Carbohydrate Source/ Additional 

Staple Food 
October-January 

Kacang beureum Phaseolus vulgaris L Vegetable June-December 
Kacang endul Phaseolus vulgaris L  Vegetable June-September 
Kentang Solanum tuberosum L Vegetable July-November 
Paksoy Brasica rapa subsp chinensis Vegetable December-February 
Pecay Brasica chinensis L Vegetable December-Februar 
Sawi Brasica juncea (L) Czern Vegetable December-Januar 
Sosin Brasica juncea (L) Czern Vegetable October-December 
Suuk Arachys hypogaea L Spice June-September 
Taleus biasa Collocasia esculenta (L) Schott  Carbohydrate Source/Additional 

Staple Food 
July-June 

Taleus bogor Collocalia esculenta (L) Schott Carbohydrate Source/Additional 
Staple Food 

July-June 

Tomat Solonamun lycopesicum L Vegetable October-January 
Waluh Cucurbita moschata (Duch) Poir Vegetable April-harvesting throughout the year  
Cau ambengan Musa paradisiaca L Fruit April-harvesting throughout the year 
Cau Ambon Jepang Musa paradisiaca L Fruit April-harvesting throughout the year 
Cau ambon lumut Musa paradisiaca L Fruit April-harvesting throughout the year 
Cau raja cere Musa paradisiaca L Fruit April-harvesting throughout the year 
Cengek Capsicum frutescen L Spice October-April 
Koneng Curcuma domestica Val. Spice September-April 
Sampeu Jepang Manihot esculenta Crantz Carbohydrate Source/Additional 

Staple Food 
April-March 

Sampeu kadopo Manihot esculenta Crantz Carbohydrate Source/Additional 
Staple Food 

April-March 

Sampeu paris Manihot esculenta Crantz Carbohydrate Source/Additional 
Food 

April-March 

Sampeu bogor Manihot esculenta Crantz Carbohydrate Source/Additional 
Staple Food 

April-March 

Sampeu asmid Manihot esculenta Crantz Carbohydrate Source/Additional 
Staple Food 

April-March 

Strawberry Pottentia x annanara  Fruit May-August 
Kopi*) Coffea arabica L Industry Perennial crop, not rotation 
Alpuket Persea Americana Mill Fruit Perennial crop, not rotation 
Jambu batu Psidium guajava L Fruit Perennial crop, not rotation 
Mangga Mangifera indica L Fruit Perennial crop, not rotation 
Awi/bambu Gigantochloa apus (Bl. Ex Schult) 

Kurz 
Building material Perennial crop, not rotation 

Akasia/Moris Akasia sp Building material Perennial crop, not rotation 
Note: *) plant has been introduced in Tumpang Sari program. Source: adapted fromWibawa (2011) 
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Figure 9. Marketing channel for vegetables from farmers in Palintang hamlet, Cipanjalu village, West Java, Indonesia 
 
 

 
have paid the production of vegetable crops before the 
crops are harvested by the farmers. The village middlemen 
have been recognized as local people of Palintang hamlet, 
Cipanjalu village and come from other villages, such as 
Lembang area. The vegetable production purchased from 
the farmers has been collected in the home of middleman. 
Moreover, if the amount of the vegetable production that 
has been bought from farmers was not much, less than one 
track or less than one ton, the vegetables have been 
transported by truck to be sold to middlemen of the 
traditional markets of Bandung city, including traditional 
market of Ujung Berung, Gede Bage, Caringin and 
Kosambi. However, if the vegetable production that have 
been paid from farmers considered much more than one 
truck, the vegetable have been transported by truck to be 
sold to other middlemen of outside of Bandung city, such 
as middlemen of Pasar Induk Keramat Jati Jakarta. Due to 
the selling price of vegetable outside Bndung cities, such as 
in the central market of Jakarta had a high price compared 
to that of the selling in the traditional markets of Bandung 
city. Indeed, some vegetable middlemen of Lembang who 
mainly collected the vegetable production from Palintang 
and Lembang have sold the vegetable production to outside 
Java, such as Sumatra or even have been exported to 
Singapore, particularly if the supply of vegetation 
production has been considered very much (cf. Marowani 
and Agustiani 2008). 

Providing income of local people versus environment 
destruction 
 Unlike the frontier village farmers who engaged the 
swidden farming system in the past, including Baduy 
people of South Banten, Kasepuhan people of South 

Sukabumi, Kemang people of Cianjur, and Karangwangi 
people of Cianjur (Iskandar 2007; Adimihardja 1989; 
Kusoke et al. 2013; Iskandar et al. 2016), the Palintang 
people have not have not persistently engaged in the 
swidden farming. Indeed, they have not engaged the 
irrigation rice field farming system. Until recently, the 
Baduy have still involved and successfully maintained the 
swidden farming system. Because they have successfully 
developed some-ecological resiliencies, including the 
swidden cultivation system that has been farmed by mixed 
annual and perennial crops instead of mono culture system 
of upland rice. Moreover, it has developed the traditional 
agroforestry systems, including swidden farming (huma), 
the fallowed secondary forest (reuma), and hamlet forest 
(dukuh lembur) grown by various mixed-crops to produce 
various products to fulfill home consumptions and some 
surpluses were sold to adapt to various socio-economic and 
ecological changes. In addition, they have developed a high 
diversity of economic activities, such as making the 
tradition palm sugar (gula kawung), traditional woven (kain 
tenun), and involving in trading of non-rice crop 
productions, and the introduction of Albasiah trees to the 
swidden farming (Iskandar 2007). Like the Baduy, the 
Kasepuhan people have also continually maintained the 
swidden farming. Since the swidden farming system of 
Kasepuhan has been supported by the irrigation rice field 
farming system and traditional agroforestry mixed-garden 
(talun) (Adimihardja 1989). Similarly, the swidden farming 
system of Kemang, Cianjur has been traditionally 
maintained the swidden farming by the farmers. Because it 
has supported by the irrigated rice field system, the 
traditional agroforestry systems of talun, various non-
agricultural sector activities, and the Perhutani programs of 
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Consumers 

Middlemen (pengepul) 
of Lembang, Bandung 
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of Palintang, Bandung 
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tumpang sari (Kusoke et al. 2013). In addition, the 
Karangwangi people have still practiced the swidden 
farming in non-forest areas. As it has been supported by the 
irrigation rice field farming system, the traditional 
agroforestry of the homegarden and mixed-garden, and job 
diversifications, the Karangwangi swidden farming has 
continuously bee (Iskandar et al. 2016).  
 Unlike, the Baduy, Kasepuhan, Kemang, and 
Karangwangi people, the Palintang have not persistently 
the swidden farming. Indeed, the Palintang people are 
different from the Kasepuhan, Kemang and Karangwangi 
in that they have never involved in the irrigation rice field 
farming system. The Palintang people have self-sufficient 
of their income due to develop the social-ecological 
resilience systems, including the farming of the 
homegarden, mixed-garden, and farming the commercial 
vegetable in the forest of the Perhutani. In general, more 
than half of the household income of the Palintang has been 
supported by the vegetable production of the Perhutani 
forest. Consequently, the sustainability of the livelihoods of 
the Palintang people have been essentially by the existing 
the Perhutani forests. In other words, the forest 
destructions and the change of the Perhutani policy on the 
forest may essentially affected the sustainability of the 
vegetable farming as well as the livelihoods of the 
Palintang people.  
 On the basis the environmental or ecological history, the 
practice of vegetable farming in the forest area of Palintang 
has provided some benefits of cash incomefor the 
household of Palintang people. These farming activities in 
the forests, however, have also caused some negative 
impacts to environment. For example, the farming the 
vegetable crops have predominantly practiced in the forests 
without considering natural conservation efforts, such as 
making terracing system may cause some environmental 
problems, such as land degradation, soil erosion, and 
flooding (cf. Hardjono 1991). The detailed study of the 
environmental problems, such as soil erosion in the 
Palintang as one of the sub-watershed of Citarum has not 
yet undertaken. However, based on the study in the other 
areas of the upper Citarum watershed, the destruction of 
forest caused of intensive commercial vegetable garden has 
seriously caused soil erosion. For example, a large surface 
of the subwatershed Ciwidey, in the Upper Citarum 
Watershed is degraded 8830 ha or 39,8 percent of the 
surface are classified as very badly eroded, such as it has 
been caused of the intensive the vegetable farming (cf. 
Andonie 2011). In addition, based on the soil erosion study, 
it has been the predicted that the soil loss of the forest at 
the Saguling catchment area is 0,13 ton ha-1 year-1, while 
in the intercropping of annual crops with trees predicted 
8,40 0,13 ton ha-1 year-1, and the annual upland crops 
predicted increase 22.02 ton ha-1 year-1 (Agus and 
Manikmas 2003). While intensive used of chemical 
pesticides in the vegetable farming in the forest may cause 
negative impacts to the environment, such as killing the 
pest predators and beneficial insects, such as bees. Indeed, 
the intensive use of chemical pesticides in the vegetable 
farming may cause the soil and water pollution that may 
contaminate to wild animal, livestock, and human. As a 

result, the human health has been very vulnerable to 
pesticide contamination (cf. Raini 2007; Damalas and 
Eleftherohorinos 2011; Winarto 2016). Based on studies in 
other areas, including Jati village, Magelang; Kudunguter 
village, Berebes; Sumber Rejo Village, Magelang; and 
Dramaga Bogor and Lembang the application of pesticides 
have substantially affected to human health and beneficial 
bee insects (Yuantari 2009; Mahmudah et al. 2012; Kahono 
and Erniwati 2014; Ipmawati et al. 2016).  
 The Palintang people has undoubtedly obtained the food 
and household income by supporting the homegarden, 
mixed-garden and planting the commercial vegetable crops 
of the tumpang sari program and the the community-based 
forest management (Pengelolaan Hutan Bersama 
Masyarakat). The community-based forest management of 
Perhutani that has been introduced in in some areas of both 
Bandung since 2000, it has actually provided benefit for the 
local people and conservation of the forest environment. 
For example, the local people have been permitted to 
cultivated coffee trees (Coffea arabica L), grass/rumput 
gajah (Pennisetum polystachion (L) Schult) as fodder of 
cow and sheep, banana (Musa paradisiaca L) and so on 
can provide income for the local people and conservation 
of forest against erosion and improvement of soil fertility 
(cf. Bahruzinet et al. 2014; Fardhani 2016). As a result, this 
program must be developed with more active participation 
of the local people. 

To sum up, based on the ecological or environmental 
history of the forest in Palintang, it can be inferred that 
Palintang people of Cipanjalu village, Bandung, West Java 
have involved in the tumpang sari of the forest for a 
longtime since the Dutch period until present time. Unlike 
the lowland people of West Java, the high land people of 
Palintang have never cultivated the wet rice (sawah) 
farming; they have practiced the mixed-garden of the 
tumpang sari system both in their land and the forest of 
Perhutani. The vegetable farming has provided the income 
of the Palintang people but has side effect to environment, 
such as pesticide pollution, and soil erosion. In terms of 
changes of the plants species diversity, the plant species 
diversity of the forests have decreased, but new species, 
particularly vegetable and other non-vegetables, such as 
palawija, have increased due to introduction into the 
commercial vegetable garden farming system by the 
farmers. The implication of the commercial vegetable 
farming with the excessive use of external inputs, such as 
seed, fertilizer, and pesticide has a low stability of 
fluctuation of price outputs and inputs and cause of 
negative impacts on environment. Therefore, to obtain 
sustainable agro-ecosystem in the high land of Palintang, 
the agroforestry systems that can integrate mixed-cropping 
annual and perennial crops, and rearing various livestock, 
including sheep and cow must promoted for a future.  
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Abstract. Siregar UJ, Maulana MI, Suharsono UW. 2017. Development of protocols for genomic library construction of Agarwood 
(Aquilaria malaccensis). Biodiversitas 18: 1150-1158. Agarwood is one of non timber forest products (NTFP) which has high economic 
value. Diminishing agarwood trees in natural forest due to intensive harvesting has shifted the production paradigm to forest plantation. 
In order to support agarwood tree improvement, investigation on the agarwood tree genomes and genes involved in agarwood 
production is highly needed through genomic library construction. This research aimed at establishing cloning protocols for genomic 
library construction of agarwood tree (Aquilaria malaccensis) until sequencing process. Genomic DNA was isolated using DNeasy Plant 
Mini Kit from Qiagen, then was digested with EcoR1, and was ligated to pGem®-T Easy vector system before it was finally 
transformed and was cloned to E.coli strain DH5α. Confirmation of DNA inserts was done using PCR colony with universal primer of 
SP6 and T7, plasmid isolation and also PCR plasmid and plasmid DNA digestion used Quick Plasmid Miniprep Kit from Thermofisher. 
Cloned A. malaccensis DNA fragments were sequenced and BLAST at NCBI site. The cloning successfully obtained five white colonies 
which contain inserted A. malaccensis DNA fragments with the size of 136-225 bp. PCR colony, plasmid isolation, PCR plasmid, and 
plasmid DNA digestion had confirmed the existence of inserted A. malaccensis DNA genome inside the bacteria cells. Sequencing and 
BLAST showed that DNA inserts from colony number 6, 8, and 9 were not similar with A. malccensis sequence that was recorded in 
NCBI, indicating that the genomic region in this library construction is different from the genomic DNA sequences of A. malaccensis in 
NCBI. 

Keywords: Aquilaria malaccensis, BLAST, cloning, genomic library 

INTRODUCTION 

Agarwood (locally called: gaharu) is one of non-timber 
forest products (NTFP) which has high economic value. It 
has been used across Asia, Middle East, and Europe for 
many purposes such as religious ceremony equipment, 
cosmetics, perfumes mixture, soaps, traditional medicines 
and other derived products (Okudera and Ito 2009; Gao et 
al. 2012; Santoso 2014), which has made the price of good 
quality agarwood skyrocketing. Traditionally harvested 
from agarwood trees in natural forest, it is hard now to find 
it in natural forest due to overharvesting of the trees 
triggered by ever-increasing price and demand of agarwood 
has decreased the tree population substantially. Agarwood 
trees belong to Thymelaeaceae family, which consists of 
several genera such as Aquilaria, Gyrinops, Wikstoremia, 
Enkleia, Gonystylus, Phaleria, etc. Their rare existence in 
natural habitat has made the all agarwood-producing 
species especially from genera Aquilaria and Gyrinops 
listed as vulnerable under the International Union for 
Conservation of Nature (IUCN) Red List (IUCN 1998), 
also as threatened in Appendix II of CITES (Gao et al. 
2012) since 2005. The international trade involving their 
products is under strict control.  

Gao et al. (2012) and Santoso (2014) explained that 
agarwood is a lump of brownish black resin produced in 

agarwood tree due to biotic stress from fungi infection 
(Tamuli et al. 2008) activity inside the wood tissue. 
Pathogens infection causes some changes to wood anatomy 
properties (Siburian et al. 2013; Gao et al. 2012) such as 
odor, color, deposits in vessel element and the frequency of 
included phloem as well as enzymatic activity (Tamuli et 
al. 2008) which shows that infected plants exhibited higher 
activity of pectinase, cellulose, peroxidase, and polyphenol 
oxidase. Agarwood resin quality is different according to 
its tree origin and influenced by the kind of attacked 
pathogens, as well as duration of pathogens infection. One 
of the agarwood tree species, which produces best quality 
agarwood, is Aquilaria malaccensis. 

The decreasing population of agarwood trees in natural 
forest has shifted the agarwood production paradigm into 
tree cultivation or plantation forest with superior trees. One 
of the mostly cultivated species is A. malaccensis. Planting 
trees, followed by artificial inoculation of fungi onto the 
trees to induce agarwood formation, however, does not 
automatically produce desired agarwood. It is because the 
exact mechanism underlying the agarwood production and 
the defensive response remain unknown (Okudera and Ito 
2009; Gao et al. 2012). This phenomenon has led to an idea 
of planting superior tree, which is capable of producing 
good quality of agarwood, by tree improvement program. 
The first requirement in agarwood tree improvement 
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program using molecular approach is information on the 
genomes of agarwood tree and genes involved in agarwood 
production. Information on genomic DNA could be 
obtained by constructing a genomic library of agarwood 
tree. Agarwood tree as one of tropical forest tree species 
has been known as difficult to be studied molecularly, 
because of difficulty in isolating good quality of DNA or 
RNA, as its tissues usually contain many inhibiting 
chemicals, such as polysaccharides, polyphenols, alkaloids, 
flavonoids, terpenes and other organic acids. 

A genomic library is a group of DNA fragments of 
particular organism stored in a suitable vector by DNA 
ligation. Genomic library construction is important to 
identify genes involved in encoding various phenotypes of 
a particular organism, molecular markers for genetic 
diversity analysis (Tnah et al. 2012), developing 
microsatellite marker (Nunome et al. 2006), which 
eventually could shorten the tree improvement cycle. Thus, 
effective and efficient cloning protocol is highly needed to 
obtain the optimum result of genomic library construction. 
Although molecular cloning is very basic molecular work, 
and most laboratories do not have problems conducting the 
experiment, many others still difficult to develop an 
optimum protocol (Matsumura 2015). Cloning protocol for 
genomic library construction conventionally starts from 
DNA isolation, DNA digestion using restriction enzyme to 
create DNA fragments, ligation of DNA fragments to a 
vector, transformation of recombinant vector to bacteria 
cell, multiplication of bacteria cell into colonies, plasmid 
vector isolation, and DNA sequencing of insert. DNA 
sequencing aimed at identifying nucleotide sequence of 
genomic library isolated and replicated in those bacteria 
cells. This research’s purpose was to develop cloning 
protocols for genomic library construction of A. 
malaccensis. 

MATERIALS AND METHODS  

Procedures 
Materials and chemicals 

Plant materials used in this research were leaves of 
three months old seedlings of A. malaccensis grown in 
nursery of Forest Research and Development Center, 
DNeasy Plant Mini Kit which was purchased from Qiagen 
(2012), agarose gel, 50X buffer TAE (Tris-Acetate-EDTA) 
and 1X TAE, gel red, 10X loading dye, DNA lambda 
100ng/ul, 1 kbp DNA ladder, nuclease free water (NFW), 
EcoR1 restriction enzyme from Promega (2011), 
Acetylated BSA, 10X buffer EcoR1, vector pGEM-T Easy, 
T4 DNA ligase, 2X buffer T4 DNA ligase, bactery E.coli 
strain DH5 α in a glycerol form, a liquid media LB (Luria 
Bertani), LB agar, antibiotic ampicilin, IPTG (Isopropyl β-
D-1-thiogalactopyranoside) 0.1 M, X-gal (5-bromo-4-
chloro-3-indolyl-beta-D-galacto-pyranoside) 50 mg/mL, 
CaCl2 0.1 M, ice, SOC, primer SP6-F 10mM, primer T7-R 
10mM, Green Go Taq Mix, Quick Plasmid Mini Prep Kit 
from ThermoFisher (2014). DNA sequence was analyzed 
using Bioedit software and tool BLAST (Basic Local 
Alignment Search Tool) onto NCBI (National Center for 

Biotechnology Information) (Genbank). 

Preparation of leaf samples 
The agarwood seedling was three months old, at about 

40-50 cm height. The sampled leaves were the young ones, 
at the bud of the plants, weighing 100 g. The leaves were 
ground in liquid nitrogen until they turned into powder. 

DNA genome isolation 
Genomic DNA isolation was done according to kit 

protocol from Qiagen DNeasy® plant mini kit Qiagen 
(2012). The electrophoresis was then carried out in 1% 
agarose gel to test the quality of DNA obtained. The 
concentration of DNA was quantified using UV-
Spectrophotometer. 

DNA genome and vector digestion using restriction enzyme 
The DNA genome and vector pGem®-T Easy from 

Promega (2010) was digested using EcoR1restriction 
enzyme from Promega (2011). The concentration of DNA 
for digestion was adjusted to the recommended DNA 
concentration in the restriction enzyme protocol in order to 
obtain full digestion of 1 µg/µL EcoR1 enzyme. 
 
DNA target ligation to vector 

Digested genomic DNA was then ligated to vector 
pGem®-T Easy from Promega (2010) using T4-DNA 
Ligase from Promega under condition following the 
protocol from supplier. The result of recombinant vector 
was verified using 1% agarose gel electrophoresis. 
 
Transformation to bacteria cell and cloning 

The cloning process consisted of three steps, namely 
preparation of competent bacteria cells, transformation, and 
recombinant bacteria selection. Bacteria used in the cloning 
process was E.coli strain DH5α. Competent bacteria cell 
was prepared by spraying 100 µL stock bacteria in glycerol 
onto sterilized solid LB agar media, and then, incubating 
the bacteria culture in an incubator under a temperature of 
370C for overnight. Single colony that appeared was picked 
up with a sterile toothpick and then dipped in 5 mL liquid 
LB media in an Erlenmeyer. The colony was incubated in a 
shaker incubator with the speed of 150 rpm/minute, under 
370C for 16-20 hours. The incubation period followed the 
recommended period in the protocol since it will affect the 
effectiveness of the cells to uptake the recombinant 
plasmid. 

Next step was sub-culturing 1 mL from the overnight 
culture into fresh 10 mL liquid LB media. Subculture was 
incubated in the shaker incubator under similar condition as 
above until it reached the Optical Density (OD) value of 
0.3-0.4. The OD is critical that it should not pass the 
recommended OD boundaries. In this experiment, OD 
value of 0.31 was obtained after incubation for 30 minutes, 
under temperature of 370C at 250 rpm/minute. Later, the 
subculture was divided into several 1.5 mL tubes 
depending on the amount needed for the transformation. 

The divided subculture was centrifuged at 40C, with the 
speed of 4000 rpm/minute for 10 minutes. Supernatant was 
discarded and 495 µL of 0.1 M CaCl2 was added, and then, 
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incubated on ice for 10 minutes. The mixture was then 
centrifuged at 40C, with the speed of 4000 rpm/minute for 
10 minutes. Supernatant was discarded and another 150 µL 
of 0.1 M CaCl2 was added into a pellet and homogenized 
by pipetting, followed by incubation on ice for 10 minutes. 
The subculture was divided into several tubes by adding 50 
µL each.  

Solution containing recombinant vector from ligation 
mix was then added into the bacterial solution and 
homogenized by pipetting and incubated on ice for 25 
minutes. Later the mixture was subjected to heat shock by 
dipping the mixture in a water bath at a temperature of 
420C for 45 seconds, and then immediately put back on the 
ice for 10 minutes. Haris et al. (2005) stated that the best 
incubation period in ice after the heat shock is 20-30 
minutes. The mixture was then moved to room temperature 
for 5 minutes. After added by 800 µL of SOC, the mixture 
was placed in at shaker incubator for another 30 minutes to 
1hour of incubation period at a temperature of 370C and 
rotation speed of 250 rpm. The mixture was then 
centrifuged at 4000 rpm, under 40C, for 10 minutes, after 
which 150 µL of the shaped supernatant was collected and 
the rest was discarded. Onto collected supernatant, 10 µL 
of IPTG and 50 µL of X-gal were added, and the mixture 
was then spread to a sterilized media containing 100 ppm 
of ampicillin and was incubated at temperature of 370C for 
one night. The recombinant colony that had captured 
plasmid containing inserted DNA target will change its 
color to white, while the colony without the insertion 
would remain blue. White colony was then replicated in the 
LB agar media with ampicillin for further analysis. 
 
PCR colony 

Primers used for PCR colony were SP6-F and T7-R. 
These primers will amplify the plasmid in the inserted area 
as far as 200 bp (Haris et al. 2005). If the target DNA is 
present, a single thick band will appear after the PCR 
showing the amplified insertion of PCR primers. The PCR 
colony followed this procedure: the replicated bacteria 
colony was picked up and dipped into micro-tube filled 
with 7 µL of ddH2O or NFW (Nuclease-Free Water) and 
was incubated in the PCR machine at 950C for 10 minutes. 
After that, the mixture was subjected to a reaction mixture 
as presented in Table 1. The mixture was vortexed and put 
in PCR machine with reaction conditions as seen in Table 
2. 
Plasmid DNA isolation 

Plasmid DNA isolation was done to extract vector and 
inserted target DNA, which was replicated inside bacteria 
cells. The isolation process followed recommended a 
protocol of Quick Plasmid Mini Prep Kit from Thermo 
Fisher. The isolated recombinant plasmid was then 
electrophoresed in 1% of agarose gel (w/v) and visualized 
using Kodak Gel Logic 200.  

 
PCR plasmid using SP-6 and T7 primer 

PCR plasmid was performed to ensure that the 
amplified band in PCR colony was target DNA and not 
contamination. The procedure and condition were the same 
as PCR colony.  

Table 1. Composition of the PCR colony reaction 
 

Materials Volume 
Denaturated colony 2 µL 
Primer SP6-F 10mM 0.25 µL 
Primer T7-R 10mM 0.25 µL 
Green Go Taq Mix 5 µL 
NFW 2.5 µL 

Total 10 µL 
 
 

Table 2. Steps and condition of the PCR colony 
 

Steps Temp.  
(oC) 

Time 
(minutes) 

Number of 
cycles 

Pre-denaturation 94 10 1 
Denaturation 94 1 35 
Annealing 52 1 35 
Elongation 72 1.5 35 
Post elongation 72 5 1 

 
 

Plasmid DNA digestion using restriction enzyme 
Another way to confirm the existence of target DNA 

inside bacteria plasmid is by cleaving the plasmid using the 
same enzyme previously used. The protocol was similar to 
previous DNA genome and vector digestion.  

Sequencing target DNA 
After confirmation by PCR plasmid and restriction 

enzyme digestion on the existence of inserted target DNA 
inside bacteria plasmid, the sequencing was conducted to 
find out the inserted sequence that was successfully cloned. 
DNA sequencing was done at the 1st Base DNA 
Sequencing Laboratory of Genetica Science Co. Malaysia. 
The sequence was processed using software of Bioedit and 
further BLAST-ed- (Basic Local Alignment Search Tool) to 
NCBI (National Center For Biotechnology Information) to 
obtain similarity of the nucleotide of target DNA with a 
particular species sequences. 

RESULTS AND DISCUSSION 

DNA genome isolation and digestion 
Various protocols for genomic DNA isolation from 

leaves have been published, mainly using CTAB buffer 
which was originally developed by Doyle and Doyle 
(1990) with several modifications depending on the plant 
species (Ginwal and Maurya 2010; Islam et al. 2013; 
Zhang et al. 2012). The modified CTAB method had been 
tried before to isolate DNAon A. malaccensis, but the result 
was not satisfying. Liquid nitrogen was used to freeze the 
leaves and make the grinding process into powder easier. It 
also prevents action of DNAse and RNAse which could 
influence the isolated DNA quality. The result of DNA 
isolation using Qiagen DNeasy Plant Mini Kit showed 
relatively thick and clean bands (Figure 1) indicating a 
good quality DNA. The thick and clean DNA band means 
the DNA is not degraded (Herison et al. 2003). The elution 
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process was conducted twice to obtain maximum amount 
of DNA, of which the remaining DNA in a mini spin 
column from the first elution could be extracted in the 
second elution (Qiagen 2012). The first and second elution 
used 100 µL of AE buffer and the result of first and second 
elution can be seen in Figure 1. 

Figure 1.A shows that the DNA band from the first 
elution (lane A) was much thicker than the second one (B) 
indicating the amount of DNA in the first elution is higher 
than the second one. DNA concentration was then 
measured using UV-Spectrophotometer, and the result was 
125ng/µL on 1st elution and 25ng/µL on the 2nd elution. 
These concentrations were sufficient for the next DNA 
digestion process. Purity and the amount of isolated DNA 
are an important factor influencing the success of following 
experiments. Contaminants such as polysaccharides, 
phenols or organic acids could inhibit restriction or PCR 
reactions (Weising et al. 2005). Figure 1.B shows 
electrophoresis of DNA which was successfully digested 
with EcoR1 as indicated by clean smear bands on the 
agarose gel. In this experiment, the DNA was fully 
digested into fragments with small differences in sizes, so 
when they were electrophoresed, the DNA fragments will 
appear in agarose gel lane as a smear. The best DNA 
digestion was R2 since it had thick and long DNA band 
because the original DNA (DNA in lane 2) also had good 
quality.  

Digestion using EcoR1 gives result in a fragment with 
overhang tail (or sticky end) which will be complemented 
by other DNA fragment having a similar tail. The digestion 
site of EcoR1 is 5’GAATTC3’ meaning that any site 
containing such base sequence in the DNA will be cleaved 
by the enzyme. 

Ligation of DNA fragment with vector 
Ligation process combines restricted genomic DNA 

fragments and a plasmid vector which both were cleaved 
by the same restriction enzyme. Plasmid vector is circular, 
extrachromosomal double-stranded DNA found in several 
species of bacteria and functions as genetic exchanges tool 
with several criteria such as the ability to multiply itself 
and the DNA fragment inside it in a huge number 
independently, has some restriction enzyme sites which 
allow the DNA fragment to be inserted, and has marker 
gene for recombinant selection (Klug et al. (2010). 

Vector used in this research was pGem®-T Easy from 
Promega. Some benefits of this vector are the size is 
relatively small enabling insertion of big DNA fragments 
(approximately up to 10 Kbp), containing ORI (Origin of 
Replication) site for replication inside E.coli, carrying 
ampicillin resistance gene for selection, and having 19 
unique Multiple Cloning Sites (MCS), of which one of the 
restriction sites is EcoR1, as seen in Figure 2. 

pGem®-T Easy plasmid vector carries Ampr gene, an 
ampicillin resistance gene (Figure 2), which is a marker for 
recombinant plasmid selection. The bacteria plasmid, 
which does not uptake the plasmid, will not be able to grow 
in media containing ampicillin because of the antibiotic 
activity. Only those, which have plasmid vector, will be 
able to grow and multiply.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A. Genomic DNA extraction using Qiagen DNeasy 
Plant Mini Kit. A’ = first elution, B’ = second elution. B. DNA 
digestion by EcoR1. R1 = Digestion of DNA on lane 1, R2 = 
Digestion of DNA on lane 2, R3 = Digestion of DNA on lane 3, 
R4 = Digestion of DNA on lane 4 

 

 
 
Figure 2. The map of pGem®-T Easy vector from Promega (2010) 
 

The enzyme used for ligation reaction is T4 DNA 
Ligase which is a ligation enzyme originally purified from 
a bacteriophage T4 virus (Sambrook and Russel 2001). The 
enzyme catalyzed the formation of phosphodiester bonding 
among nucleotides of two DNA strands, e.g DNA target 
and vector DNA. T4 DNA Ligase efficiently ligates sticky 
ends of both DNA target and vector DNA created by 
EcoR1 because of the presence of overhangs on both ends 
of the fragments. Ligation process depends much on the 
concentration of reactants, catalysts, and other chemicals 
present in the mixture, only to a lesser degree on 
temperature and time (Matsumura 2015). The ligation 
proceeded at a temperature of 40C for one night to increase 
the stability of hydrogen bond that connected the 
nucleotides chain in ligation process. Ligation result was 
confirmed by electrophoresis on 1% agarose and the result 
is given in Figure 3. 

Figure 3 shows that ligation had succeeded in 
generating higher molecular weight than empty vector. The 
lower molecular weight vector moved faster in 
electrophoresis and occupied a lower position than the 
heavier molecule of recombinant plasmid (L) on an agarose 
gel, confirming that the target DNA has been inserted into 
vector successfully. 
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Figure 3. Ligation of genomic DNA fragments and vector DNA. 
M = Marker 50 bp, L = Ligated genomic DNA fragment and 
vector, V = Empty vector of pGem®-T Easy 

 

Cloning and recombinant bacteria selection 
Gene cloning is started with the process of genomic 

DNA digestion with a particular restriction enzyme. It is 
followed by inserting digested DNA fragments to a vector, 
which is then cultured in a particular host. This process is 
called shotgun cloning. The bacteria used in this 
experiment were E.coli strain DH5α, which are the most 
commonly used bacteria for plasmid replication. The 
bacteria can be stored for a long time in glycerol and can be 
cultured quickly when needed (Hutchins 2015). 
Furthermore, E.coli strain DH5α contains recA mutation 
which eliminates recombination between inserted genes 
with the host, which could replace the ϕ80 IacZΔM15 site 
with gene encoding β-galactosidase (Hanahan 1983).  

The efficiency of bacteria cells to uptake the 
recombinant plasmids determines the success of a cloning 
project (Matsumura 2015). Among two transformation 
methods available, i.e. heat shock and electroporation, the 
electroporation is considered as better technique, however, 
not all laboratories have the equipment. In this research, the 
transformation process utilized heat shock as recommended 
by Tomley (1996). For the transformation, bacteria cell has 
to be competent first. Competent cells were prepared by 
suspending bacteria cells in a solution containing a high 
concentration of calcium, which would make small holes 
on the bacteria cell wall. The bacteria used was the colony 
from an overnight culture which were then sub-cultured 
until the bacteria solution reach OD600 0.3-0.4 (Zhimming 
et al. 2005). CaCl2 solution creates pores in the bacteria cell 
wall so that the plasmid would be easier to pass through 
cell wall. Right after the competent cells were ready, the 
transformation was done by heat shock on them at a 
temperature of 420C for 45 seconds and then immediately 
they were put on ice for 10 minutes. The bacterial cells 
were then recovered using 800 µL of SOC and incubated in 
a shaker incubator at 370C for 30 minutes, with speed of 
250 rpm. 

The last stage was the addition of 10 µL of IPTG and 
50 µL of X-gal into bacterial mixture and it continued by 
culturing the competent cell in LB (Luria Bertani) medium 
supplied with ampicillin. The addition of IPTG and X-gal 
can be done in two ways; first, by mixing them with the 
transformation solution, and second, by spreading them 
onto the LB medium. In this experiment, the IPTG and X-

gal were added to the transformation solution, so that they 
could be utilized more effectively by the bacteria cell. 
During bacteria cell multiplication, the inserted DNA 
fragment in the vectors will be automatically multiplied by 
bacteria cells. 

Result of transformation process was an appearance of 
white and blue colonies on the LB media, of which white 
colonies consisted of bacteria cells containing recombinant 
plasmid vector, while the blue colonies were formed by 
non-recombinant bacteria, which will eventually die. The 
white color was caused by inactivated lacZ gene which was 
interrupted by foreign DNA insertion and failed to produce 
an enzyme which converts X-gal into blue color 
(Suharsono et al. 2009). On the other hand, without 
insertion in the lacZ gene, this gene would be expressed, 
producing β-galactosidase (Messing and Vieira 1982), 
which is an enzyme that converts uncolored X-gal into blue 
color. The insertion of a DNA fragment into one of the 
restriction site led to the occurrence of a nonfunctional α-
peptide and the loss of β-galactosidase activity. Under 
appropriate plating conditions, the functional α-peptide 
results in blue plaques; a nonfunctional α-peptide result in 
colorless plaques (Messing and Vieira 1982).  

Figure 4 shows comparison among control positive, 
control negative, and recombinant bacteria cultures. 
Control positive (Figure 4.A) was non-recombinant 
bacteria which were cultured in LB medium to confirm that 
the bacteria have good quality and can multiply. Control 
negative (Figure 4.B) was non-recombinant bacteria which 
were cultured in LB medium added with ampicillin to 
confirm that the ampicillin worked well, which was 
indicated by the absence of bacterial growth. Non-
recombinant bacteria will not be able to grow in ampicillin 
contained medium because the cell cannot synthesize an 
enzyme that destroys ampicillin. Cultures of recombinant 
bacteria (Figure 4.C) were indicated by the existence of 
blue and white colonies. Totally, nine white colonies were 
obtained from this experiment. 

Figure 4.C shows the existence of blue and white 
colonies in the medium supplied with ampicillin. The 
number of white colonies was much lower than the blue 
colonies. The white colony was then replicated to multiply 
the number of white colony for next stages. The replication 
of white colony was done by stripping each white colony 
from the original medium and transferring it to new 
medium containing ampicillin. The new bacteria culture 
was incubated for one night at 370C. Figure 5 shows the 
white colony after replication. 

PCR colony 
PCR screening was used to confirm the presence of 

inserted DNA on white colony (Pinar et al. 2001; 
Suharsono et al. 2009). PCR colony has been proven to be 
the easiest and most convenient way to amplify target DNA 
sequence in several yeast cells without any DNA extraction 
and purification prior to PCR (Mirhendi et al. 2007). This 
experiment used complementary primers SP6-F and T7-R 
of which sequences also exist in the plasmid vector. Result 
of PCR on white and blue colony can be seen in Figure 6. 
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Figure 4. A. Control positive, B. Control negative, C. Recombinant bacteria 
 
 
 
 

 
 
Figure 5. A. Replication of colony number 1 to 4. B. Replication 
of colony number 5 to 10 
 

 
Result of PCR colony shows that only colony number 5 

to 9 contained inserted DNA, while colony number 1 to 4 
did not contain DNA insertion. The gel showed no 
amplicon band on colony number 1 to 4. It contrasted to the 
thick and clear amplicon band on colony number 5 to 9. 
The 1 Kbp DNA ladder, as a marker, indicated that inserted 
DNA has small size i.e. 136-250 bp. Figure 7.B shows that 
PCR colony of blue colony forms a thick amplicon band 
with very small size i.e. around 100 bp because the 
amplified site was a small region located between SP6 and 
T7 sequences in the plasmid, without additional DNA 
insertion. 

Plasmid isolation and PCR plasmid 
Plasmid isolation procedure refers to Quick Plasmid 

Mini Prep Kit from ThermoFisher. Isolated plasmid was 
then subjected to PCR using similar complementary 
primers SP6 and T7 to reconfirm the existence of target 
DNA. The procedure for PCR plasmid is same as PCR 
colony procedure. Figure 7 shows the result of plasmid 
isolation and PCR plasmid.  

The result of electrophoresis in Figure 7.A shows the 
size of isolated plasmid DNA which is about 3000 bp. This 
size matched the vector size, namely 3015 bp (Promega 
2010). Figure 7.A also shows that only colony number 5, 6 
and 8 exhibiting DNA bands, while colony number 7 and 9 
giving no band but a thin smear only. The absence of DNA 
bands doesn’t necessarily mean that colony number 7 and 9 
contain no plasmid DNA, but there are some possibilities 

that the concentration of plasmid DNA which was isolated 
from colony number 7 and 9 was too low or the plasmid 
was in a shape in which agarose gel cannot detect it. Figure 
7.B shows result of PCR plasmid of colony no 5 to 9, 
which confirms that all colonies including colony number 7 
and 9 contain plasmid DNA. 

Plasmid DNA digestion with restriction enzyme 
Matsumura (2015) suggested that every stage in cloning 

experiment should be confirmed by electrophoresis in an 
agarose gel. Before the target DNA was transformed into a 
bacteria cell, the target DNA was digested with a restriction 
enzyme. Therefore, if the recombinant plasmid DNA was 
digested with the same restriction enzyme there should be 
two single bands appear in electrophoresis, of which 
consisted of vector band and target DNA fragment 
(Budiani et al. 2009). To confirm the target DNA’s 
existence, plasmid DNA was digested using EcoR1. 

Plasmid DNA from colony number 5, 8 and 9 were 
successfully digested by EcoR1 (Figure 8) and resulted in 
the appearance of two bands in agarose gel. The first band 
is vector DNA with the same size for all colonies. The 
second lower band is the target DNA, because the 
molecular weight is smaller (Suharsono et al. 2009). The 
size of target DNA from colony number 5, 8 and 9 were 
relatively the same. Colony number 6 and 7 produced 
neither vector nor target DNA band in electrophoresis. It 
probably happens because the concentration of plasmid 
DNA was too low that both DNA vector and target DNA 
was unseen.  

The volume of plasmid DNA used for digestion was 29 
µL, which was rather high, because the concentration of 
plasmid DNA from isolation was very low, about 35 
ng/µL, while EcoR1 requires DNA as much as 1 µg/µL for 
one reaction (Promega 2011). Therefore, as the plasmid 
DNA concentration has to reach 1 µg/µL, the volume used 
in digestion mix was 29 µL. To balance the reaction, the 
amount of EcoR1, 10x buffers, and Acetylated BSA used 
in the reaction mix were also multiplied by two. After that 
as much as 20 µL DNA mix was used for electrophoresis 
since the concentration of target DNA from plasmid 
digestion should be very low, that the amount of DNA has 
to be increased in order to make the DNA band to emerge 
in agarose gel.  

A B C 
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Figure 6. A. PCR colony of white colony no 1-9, B. PCR colony 
of blue colony and white colony no 5-9. M = 1 kbp DNA ladder 
 
 
 

 
 
Figure 7. Result of plasmid isolation (A), Result of PCR plasmid 
(B). M = Marker 1 Kbp DNA ladder 
 
 
 

 
 
Figure 8. Plasmid DNA digestion using EcoR1 
 

 

Sequencing and sequence data processing 
DNA sequencing is the determination and order of the 

nucleotide in a DNA strand. Sequencing is done to predict 
the function of sequence and manipulate it molecularly or 
to perform phylogenetic analysis and identification (Pinar 
et al. 2001). In this research, DNA sequencing was 
conducted after the plasmid was successfully isolated. 
DNA sequences were obtained only from colony number 6, 
8 and 9, as colony number 5 and 7 had too low DNA 
concentration for sequencing process. The DNA 
concentration needed for sequencing was 100ng/µL. 
Sequencing was conducted from two directions using T7 
promoter and SP6 universal primer (Lee et al. 2011). The 
result showed that approximately 1400 bases were 
successfully sequenced. The sequence size was rather big 

because the utilization of universal primer made the 
sequenced DNA bigger than target DNA, as it contains 
some of plasmid DNA sequences flanking the insert 
(Budiani et al. 2009). 

The existence of target DNA sequence could be 
identified by locating EcoR1 restriction sequences. The 
sequence located between two EcoR1 recognition sites was 
target DNA sequence, as both genomic DNA and vector 
were previously digested with EcoR1. After the target 
DNA had been identified, the sequences data were 
processed by software Bioedit to see the complement of 
both sequences from two directions. Complement test of 
target DNA sequences from primer SP6 and T7 was 
conducted to confirm that the DNA sequences are the 
same. After complement test, which showed that both DNA 
sequences were the same, the sequence was then BLASTn-
ed (Basic Local Alignment Search Tool) to gene bank.  

Sequenced DNA target showed that colony number 6 
contains the shortest target DNA, while colony number 8 
and 9 have exactly the same number of base and sequence. 
The sizes matched the results of electrophoresis of PCR 
colony and PCR plasmid on an agarose gel, of which white 
colonies contained target DNA ranging from about 150 bp 
to 250 bp. These DNA fragments were multiplied inside 
bacteria cells. Successfully cloned DNA fragments in 
bacteria cells have a short strand, probably because the 
genomic DNA was fully digested, that every EcoR1 
restriction site in the genomic DNA would be cleaved into 
short fragments. Another possibility was cloning efficiency 
was low, as it only took small DNA fragments rather than 
bigger ones, and therefore still needs to be optimized. This 
experiment proved that molecular cloning is still difficult to 
be achieved efficiently in our Laboratory.  

Target DNA sequences were then analyzed by BLAST-
ing them on NCBI to find similarities of DNA sequence or 
protein query with sequences present in central data of 
NCBI. BLASTn program works to compare nucleotide 
query with a nucleotide sequence in the gene bank database 
of NCBI. E-value (Expect value) is the parameter 
indicating the similarity of one sequence with other 
sequences in database (Lodge et al. 2007). The result of 
BLAST DNA sequence from colony number 6, 8 and 9 can 
be seen in Table 4.  

The result of BLASTn shows that DNA sequence from 
colony number 6 has highest similarity to zinc finger 
protein of Dasypus novemcintus (an animal) with the E-
value of 0.003 and 92% similarity. Zinc finger protein has 
various structures and, along with other protein, has a great 
role in cellular processes, such as replication, transcription, 
and translation, signaling, metabolism, cell proliferation, as 
well as apoptosis. Zinc finger protein functions as an 
interaction media and the binding of various chemical 
compounds such as nucleic acid, protein, and other small 
molecules (Krishna et al. 2003). Due to its very important 
function, zinc finger protein must be owned by all 
organisms, and thus it is understandable that zinc finger 
sequence of D. novemcinctus was similar with the one of A. 
malaccensis sequence. Sequences of colony number 8 and 
9 have highest similarity to Populus trichocarpa’s  

 

A B 

A B 



SIREGAR et al. – Protocols for Genomic Library Construction 

 

1157

 
Tabel 3. The nucleotides sequences of target DNA 
 

Colony DNA Sequence (5’-3’) Number of 
nucleotides (bp) 

6 ACATGTAATCCAAAACTTAAATTACAATTACATTATGTTTACATTACAAAATATATGTATTGCCTAATA
TACTCCAGCTAAACTACTCTTATGGTGGCTTATACTTGTTACTCACATAGTCGATCACAATGTGCTC 

136 

8 AACAGTAAAATTAACCAGAAAAAGCTTTAAATTAATTTCTTAATTTTGAGTAACCAAATATTGAAAAGA
AATTTCTAATAAACCCAAAATTAGCATTAAGAATAATGGACAAAAGTTTATTCTATGCAATAATCCAAA
AGTTTAAACAATTTAACCTATCCTACTTTTCCGTATGAACTAACTAGAAATAAAAATAACCTCCAATCA
ATTTACTTGCTTCTAATT 

225 

9 AACAGTAAAATTAACCAGAAAAAGCTTTAAATTAATTTCTTAATTTTGAGTAACCAAATATTGAAAAGA
AATTTCTAATAAACCCAAAATTAGCATTAAGAATAATGGACAAAAGTTTATTCTATGCAATAATCCAAA
AGTTTAAACAATTTAACCTATCCTACTTTTCCGTATGAACTAACTAGAAATAAAAATAACCTCCAATCA
ATTTACTTGCTTCTAATT 

225 

 
 
 

Table 4. Result of BLAST white colony sequences to NCBI database 
 
Accession 
number Colony Description E-

Value 
Query 
cover Identity 

XM 012528651.1 6 Dasypus novemcinctus zinc finger protein 77- like 
(loc101414147) mRNA 

0.003 27% 92% 

AC2 151625.1 8 Populus trichocarpa clone pop011-a24, complete sequence 1e-05 66% 71% 

AC2 151625.1 9 Populus trichocarpa clone pop011-a24, complete sequence 1e-05 66% 71% 

 
 
 
 
complete sequence with 71% similarity and E-value of 1e-
05. Claveri et al. (2003) explained that theoretically E-
value ≤ e-04, indicates high similarity. The three colonies 
sequences, however, did not show any similarity with 
available A. malaccensis sequence stored in the gene bank 
probably because the length of a nucleotide being 
compared was too small, which was only about 136-225 
bp. Short fragment is usually not suitable for BLASTn 
because it tends to give a high bias in alignment process, 
making the sequence more similar to other species than that 
of being expected. There is a possibility that the cloned 
DNA fragments in this research were originated from 
different region of A. malaccensis genome compared with 
those registered sequences at NCBI. Two sequences 
obtained were similar to plant sequences in the database, 
indicating that the cloned fragments were truly from A. 
malaccensis and not the results of a contamination. 
Nevertheless, cloning protocol employed in this experiment 
could be applied for cloning other tropical forest tree 
genomes in the future. 
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Abstract. Toma T, Warsudi, Osone Y, Sutedjo, Sato T, Sukartiningsih. 2017. Sixteen years changes in tree density and aboveground 

biomass of a logged and burned dipterocarp forest in East Kalimantan, Indonesia. Biodiversitas 18: 1159-1167. Changes in tree density 

and aboveground biomass (AGB) of a logged and burned lowland dipterocarp forest were monitored in Bukit Soeharto Research and 

Education Forest (BSREF) of Mulawarman University, East Kalimantan, Indonesia. A 9-ha plot was established in 1997 to investigate 

the effect of second felling and the subsequent recovery. Experimental felling was conducted in October 1997, and the plot was burned 

by uncontrolled fires between February and April 1998. Stem diameter of living trees (diameter at breast height ≥ 10 cm) in the plot was 

recorded annually. Allometric functions and the annual tree inventory were used to estimate changes in AGB. Tree density in the 9-ha 

plot was 429 trees ha−1 before the experimental felling.This decreased to 76 trees ha−1 in 2000 because of the felling and fires. Tree 

density increased to 515 trees ha−1 until 2008 and then decreased to 408 trees ha−1 in 2014. AGB of the 9-ha plot was 279 Mg ha−1 in 

1997,which decreased to 96 Mg ha−1 in 2000 and then increased to 139 Mg ha−1 in 2014. After 16 years of the 1998 fires, in 2014, 

BSREF consists of a mosaic of forest stands that are dominated by either large late successional tree species or small pioneer trees. The 

former stands consisted of numerous late successional tree species that survived the felling and fires. The latter stands were dominated 

by a few pioneer species. In 2016, 16 years after the fire, these pioneer dominating stands are now undergoing a transitional stage from 

pioneer to late successional trees that grow longer and larger than the pioneer trees. Logged and burned forest stands may recover their 

AGB comparable to that of the original forest (≥400 Mg ha−1), if these stands are saved from further logging and fires in the longterm. 

Keywords: Aboveground biomass, Bukit Soeharto, logging and fire, recovery 

Abbreviations: AGB = Aboveground biomass,BSREF = Bukit Soeharto Research and Education Forest, DBH = diameter at breast 

height, ENSO = El Niño Southern Oscillation, LF = light felling, HF = heavy felling, UF = unfelled, CWD = coarse wood debris 

INTRODUCTION 

Logging and fires are major disturbing factors in 

tropical forests. However, logged and burned forests should 

be considered as worthy of conservation or at least not 

necessary to be regarded as deforested. Because selectively 

logged forests maintain high biodiversity as well as high 

carbon stock, logged forests are expected to provide 

various ecosystem services compared to other land uses, 

but there is still a lack of basic understanding on the long-

term effects of logging (Edward et al. 2013). Burned 

forests have the potential to recover naturally; however, 

there are no detailed published accounts of long-term 

recovery of tropical forests after fire (Chazdon 2014). 

Apparently, tropical rain forests can recover from fire, but 

little is known about the timescales involved and the 

pathways along which this recovery takes place (Slik et al. 

2008). 

Lowland forests in East Kalimantan, Indonesia, have 

been disappearing at a rapid rate since the 1960s because of 

commercial logging and agricultural development. Forests 

in East Kalimantan have also been damaged by 

uncontrolled fires repeatedly, including the world largest-

scale forest fires that occurred in 1982-83 and 1997-98 

(Mori 2000). Compared to the 1982-83 fires, damage by 

the 1997-98 fires and early recovery after the fires have 

been well described (Mori 2000, Hiratsuka et al. 2006, Slik 

et al. 2008, Toma et al. 2000b, 2005, Van Nieuwstadt and 

Sheil 2005). However, these studies were conducted only 

until several years after the fires using temporal sampling 

plots. Here we report about forest recovery after the 1997-

98 fires observed in a long-term monitoring plot for a 16-

year period. 

In the present article, we highlight the following points 

from the long-term monitoring: (i) pioneer trees, 

established after the fire, dominate the logged and burned 

stands in terms of number of trees; (ii) large late 

successional trees, which survived the logging and fires, 

dominate the stands in terms of aboveground biomass 

(AGB); and (iii) the logged and burned stands are 

undergoing a transitional stage from pioneer to late 

successional trees that grow longer and larger than the 

pioneer trees; and (iv) the stands may recover their biomass 

comparable to that before disturbances, if they are saved 

from further disturbances in the long term. 

 



 B IODIVERSITAS 18 (3): 1159-1167, July 2017 

 

1160 

MATERIALS AND METHODS 

Study site and methods 

This study was conducted in Bukit Soeharto Research 

and Education Forest (BSREF) of Mulawarman University. 

BSREF is situated in between Samarinda and Balikpapan 

in the lowland coastal area of East Kalimantan (Figure 

1.A), which was originally covered with a lowland 

dipterocarp forest. The mean annual rainfall in BSREF is 

approximately 2000 mm; the mean annual daily maximum 

and minimum temperatures are 29.9°C and 21.4°C, 

respectively (Toma et al. 2000a); and the soils are Ultisols 

(Ohta and Effendi 1992). Rainfall type belongs to Type B 

(slightly seasonal), according to Whitomore (1984), and to 

the tropical wet type (relatively frequent short dry period or 

short dry season), according to Walsh (1996). Unusually 

prolonged and severe droughts related to extremely strong 

El Niño Southern Oscillation (ENSO) events occurred in 

1982-1983 and 1997-1998, and the forests in East 

Kalimantan were damaged by the droughts and drought-

related fires (Mori 2000). 

Majority of the forest stands in BSREF were subjected 

to selective cutting by local people and commercial logging 

companies, until the area was designated as a protected 

forest in 1978 (Matius and Okimori 1991). BSREF was 

affected by the 1982-83 fires, and the severity of fire 

damage in the burned stands was related to past logging 

intensity; the most heavily damaged sites in 1988 were 

dominated by pioneer Macaranga species, and the lightly 

damaged sites were dominated by surviving dipterocarp 

species (Matius and Okimori 1991). Thus, by 1997, 

BSREF had become a mosaic of forest stands dominated 

by surviving dipterocarp trees and pioneer Macaranga 

trees as a result of selective logging and the 1982-1983 

forest fires (Toma et al. 2000b). 

 

 

 

 

 
 

 

 
 

 
 

 

Figure 1. A. Location and, B. Monitoring plots of Bukit SoehartoResearch and Education Forest, and C. Layout of the 9-ha plot. Shaded 

area in A were affected by the 1982-83 fires. The area surronded by curves and arrows in A were affected by the 1998 fires. Open 

circles are hot spots observed on 14 February 1998. Plots 1, 2, and 3 correspond to LDS, MDS, and HDS in Toma et al. (2000b, 2005), 

respectively. HF, LF, and UF represent heavily felled, lightly felled, and unfelled, respectively (Ruslim et al. 2000) 
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The 9-ha plot and tree censuses 

A 9-ha permanent plot was established in May 1997 to 

investigate the effects of second felling on a logged-over 

dipterocarp forest and the subsequent recovery from the 

felling (Ruslimet al., 2000). The 9-ha plot consisted of nine 

1-ha subplots of 100 × 100 m, each arranged in 3 × 3square 

plots (Figure 1.C). Tree censuses in the 9-ha plot have been 

conducted repeatedly since 1997 at least once a year, 

except in 2001, 2002, and 2004. All trees ≥ 10 cm in 

diameter at breast height (DBH) were identified, tagged, 

and their DBH was measured. Trees were felled in six of 

the nine plots in October 1997 at two different felling 

intensities. Light felling (LF) is the conventional method 

used in forest concessions, in which trees with a diameter 

of at least 50 cm are harvested for merchantable timber. 

Trees with a diameter of at least 30 cm were harvested 

during heavy felling (HF) operations. Three replicates of 

each felling treatment and untreated (unfelled, UF) plots 

were used. The effects of the second felling on the forest 

structure, tree damage, traffic area, and soil damage and the 

trees remaining for the next felling have been reported by 

Ruslim et al. (2000). BSREF suffered a forest fire during 

the 1998 drought, and the 9-ha plot was also burned 

between February and April 1998. Consequently, BSREF 

consists of a mosaic of forest stands that are dominated by 

surviving late successional tree species (e.g., 

Dipterocarpaceae and Eusideroxylon zwageri) and pioneer 

species (e.g., Macaranga gigantea, Euodia alba, and 

Vernonia arborea), which rapidly increased in abundance 

following the forest fires. 

Tree censuses and AGB estimation in the 9-ha plot 

The annual tree inventory and allometric functions were 

used to estimate changes in aboveground biomass (AGB). 

Based on the known characteristics of tree species, we 

divided all trees into two ecological groups, pioneer and 

late successional tree species. Unidentified trees and tree 

species without known ecological characteristics are treated 

as late successional trees. 

Aboveground mass (MT) of late successional species 

was calculated by the following equations taken in BSREF 

(Eq.(1); Toma et al. (2005)) and in Sebulu (Eqs. (2)-(4); 

Yamakura et al. (1986)): 

 

1/H = 1/(1.444D) + 1/62.5 (1) 

MS = 0.0290·(D2H)0.981 (2) 

MB = 0.119·MS
1.059 (3) 

ML = 0.0942·(MS + MB)0.727 (4) 

MT = MS + MB+ML (5) 

 

where H is height (m), D is DBH (cm), MS is trunk 

biomass (kg), MB is branch biomass (kg), and ML is leaf 

biomass (kg). The following equations from Toma et al. 

(2005) taken in BSREF were used for estimating AGB of 

the pioneer tree species: 

 

1/H = 1/(0.0116D3.09) + 1/20.4 (6) 

MS = 0.0132·(D2H)0.976 (7) 

MB = 0.0494·MS
1.351 (8) 

ML = 0.1443·(MS + MB)0.778 (9) 

MT = MS + MB+ML (5) 

RESULTS AND DISCUSSION 

Results 

Overall trend 

Tree density and AGB of the 9-ha plot decreased by the 

experimental felling and the 1998 fires (Figure 2). The 

decreasing trend continued until 2000 and then both tree 

density and AGB started to increase. Tree density in the 9-

ha plot increased until 2008 and then started to decrease 

(Figure 2.A). Tree density in 2008 was higher than that in 

May 1997, before the felling and fires. AGB of the 9-ha 

plot increased until 2013, and the increment was primarily 

due to rapid increase in AGB of pioneer trees (Figure 2.B, 

upper panel). Although the density of pioneer trees started 

to decrease after 2008, AGB of pioneer trees increased 

until 2013 (Figure 2, upper panels). AGB of late 

successional trees was stable compared to that of pioneer 

trees and increased gradually since 2000 (Figure 2, middle 

panels). Although tree density in the 9-ha plots once 

became higher than that before the felling and fires, AGB 

of the 9-ha plot was maintained lower than that before the 

felling and fires (Figure 2, lower panels). In 2014, AGB of 

the 9-ha plot was only about 50% of that before the felling 

and fires. 

Impact of experimental felling and the 1998 fires until 2000 

At the first census in May 1997, the mean (±SD) tree 

density and AGB of the 9-ha plot were 429±51 ha−1 and 

279±49 Mg ha−1, respectively. No significant difference 

was observed before treatment. Experimental felling 

harvested commercial trees and killed the trees near the 

harvested trees. As a result, tree density and AGB of HF 

(326±50 ha−1 and 152±19 Mg ha−1, respectively) and LF 

(316±35 ha−1 and 170±7 Mg ha−1, respectively) plots 

became significantly smaller than those of UF (456±35 

ha−1 and 308±79 Mg ha−1, respectively) plots. Tree density 

and AGB in the 9-ha plot were decreased by the 1998 fires, 

and the decreasing trend continued until 2000, 2 years after 

the fires. In 2000, tree densities in the HF, LF, and UF plots 

were 57±48 ha−1,44±20 ha−1, and 129±28 ha−1, respectively, 

and the respective AGB values were 52±23 Mg ha−1,60±16 

Mg ha−1, and 178±47 Mg ha−1. While no significant 

difference was observed in tree density among the 

treatments, AGB in the UF plots was significantly larger 

than the AGB in the HF and LF plots. Majority (97%) of 

the trees that survived the fires included late successional 

trees,whereas nearly no pioneer trees existed in the 9-ha 

plot in 2000. 
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Figure 2. Changes in tree density and aboveground biomass (AGB) in the 9-ha plot. Note the variation in Y scale. A. Tree density, B. 

Aboveground biomass (AGB) 

 

 

 

 

Changes in tree density after 2000 

Tree density in the 9-ha plot increased from 76±50 

ha−1in 2000 to 515±70 ha−1in 2008 (Figure 2.A). Thereafter, 

it decreased to 408±52 ha−1 in 2014. These changes were 

primarily induced by the pioneer trees that established after 

the fires. In 2000, nearly no pioneer trees (DBH ≥ 10 cm) 

existed in the 9-ha plot. However, in 2008, pioneer trees 

accounted for 73% of the total number of trees. The ratio of 

pioneer trees also decreased since 2008 and it was 60% in 

2014. Tree density of late successional trees in the 9-ha 

plot was much smaller than that of pioneer trees, but it kept 

increasing after 2000. 

The rate of tree recruitment decreased from 89 (number 

of recruited trees ha−1 yr−1) between 2000 and 2003 to 14 

(trees ha−1 yr−1) between 2013 and 2014 (Figure 3.A). The 

rate of recruitment (number of recruited trees ha−1 yr−1) of 

pioneer trees was higher in the earlier period and then it 

decreased in the latter period (Figure 3.A, upper panel). An 

increasing trend of mortality (number of died trees ha−1 

yr−1) of pioneer trees was observed (Figure 3.B), but it was 

not so obvious compared to that of recruitment rate. The 

recruitment rate of pioneer trees was higher than those of 

late successional trees during the earlier period of 

monitoring (Figure 3.A, upper and middle panels). Late 

successional trees did not show a clear trend and variation 

between the 1-ha subplots, and the measurement periods 

were large. Between 2000 and 2003, 80% of recruited trees 

were pioneer trees, but it was only 29% between 2013 and 

2014. 

The number of pioneer trees that died between the two 

consecutive censuses increased from 2000 to 2011 with a 

large year-to-year variation (Figure 3.B, upper panel). 

Simultaneous death of pioneer trees in the felled plots (HF 

and LF) was observed in 2011 and 2014. The number of 

died trees of late successional species was one-tenth of 

pioneer species, and no synchrony was observed among the 

subplots (Figure 3.B, middle panel). 

 
 

A B  A B  

 

 



TOMA et al. – Logged and burned dipterocarp forest 

 

1163 

  

 
 

Figure 3. Number of (A) recruited and (B) died trees between enumeration (AGB) in the 9-ha plot. Tree census was not conducted in 

2001, 2002, and 2004. Therefore, the number of recruited and died trees between 2000 and 2003 divided by 3 years and are shown at 

2002. Values between 2003 and 2005 were obtained by the number of trees recruited and died between 2003 and 2005 divided by 2 

years, and then shown at 2004. Note the variation in Y scale. 

 

 

 

 

Changes in AGB after 2000 

The AGB in the 9-ha plot was 96 Mg ha−1 in 2000, 

which increased to 140 Mg ha−1 in 2014 (Figure 2.B, lower 

panel). In 2008, 22.5% of AGB was composed of trees of 

pioneer species that established after the 1998 fires. The 

AGB of pioneer trees in the felled plots (LF and HF) was 

larger than the AGB of the UF plots. The significant 

difference in AGB between the felled (HF and LF) and UF 

plots continued to remain until 2014. In 2014, AGB values 

in the HF, LF, and UF plots were 98±24 Mg ha−1, 101±8 

Mg ha−1, and 219±44 Mg ha−1, respectively. Even the 

number of pioneer trees decreased drastically, while the 

ratio of pioneer trees to AGB did not change drastically. 

The AGB of pioneer trees in the 9-ha plot increased from 

2000 to 2013 and then decreased from 2013 to 2014, when 

a large number of pioneer trees died (Figure 2, upper 

panels). Although AGB of the whole 9-ha plot maintained 

an increasing trend from 2000 to 2013, AGB of the 1-ha 

subplot decreased occasionally at various time points 

(Figure 2.B, lower panel). There was no clear time trend 

observed in AGB changes of late successional trees. As 

observed in subplots UF3 in 2009 and 2011, UF2 in 2010, 

and LF3 in 2012, there was a huge loss in AGB of late 

successional trees at specific subplots at specific timings 

that resulted in the fluctuation in AGB loss of the subplots 

(Figure 4.B). 
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Figure 4. Rate of (A) AGB gain by diameter growth and (B) AGB loss by died trees between enumeration in the 9-ha plot. Tree census 

was not conducted in 2001, 2002, and 2004. Therefore, the mass of recruited and died trees between 2000 and 2003 divided by 3 years 

and are shown at 2002. Values between 2003 and 2005 were obtained by the mass of trees recruited and died between 2003 and 2005 

divided by 2 years and then shown at 2004. 

 

 

 

AGB gain rate of all species was the lowest between 

2000 and 2003 (Figure 4.A). The rate increased to the 

highest value in 2009 and then tended to decrease 

afterward with fluctuations between plots and measurement 

period. AGB gain rates of pioneer trees synchronized 

between subplots and increased from 2000 to 2008 and 

then started to decrease (Figure 4.A, upper panel). AGB 

gain rate was higher in the felled plots (LF and HF) than in 

the UF plots, because the density of pioneer trees in the 

felled plots was much higher than that in the UF plots 

(Figure 2.A, upper panel). AGB gain rate of late 

successional trees showed an increasing trend, but it was 

not obvious compared to the pioneer trees during the earlier 

period of monitoring (Figure 4.A). AGB gain rates of late 

successional trees were higher in the UF plots than in the 

LF and HF plots, because of the larger number of late 

successional trees in the UFplots (Figure 2.A, middle 

panel). 

Size distribution of trees 

Figure 5 shows the number of trees (left) and AGB 

(right) of the 9-ha plot in 2014, according to DBH classes. 

Regarding the number of trees, small-sized pioneer trees 

dominated the plot. On the contrary, lesser number of 

large-sized late successional trees dominated the plot in 

terms of AGB. 

Figure 6 shows the number of died trees (left) and their 

AGB (right) in the 9-ha plot from 2000 to 2014. Over time, 

the contribution of pioneer species to the number of died 

trees increased and it became higher than that of late 

successional tree species. On the other hand, the 

contribution of primary species to AGB of died trees had 

been much higher than that of pioneer species until 2013. 

Because a lot of pioneer trees died in 2014, the contribution 

of pioneer trees to AGB loss by died trees became larger 

than that of late successional trees. However, small-sized 

trees  of  pioneer  species contributed to the number of died  

A B 

0

5

10

Pioneer

0

5

10

A
G

B
 g

a
in

(M
g

 h
a

-1
 y

r-1
)

Late successional

0

5

10

15

2000 2005 2010 2015

HF1

HF2

HF3

LF1

LF2

LF3

UF1

UF2

UF3

Whole

Year

All species

0

10

20

Pioneer

0

10

20

30

A
G

B
 l
o

s
s
 (

M
g

 h
a

-1
 y

r-1
)

Late successional

0

10

20

30

2000 2005 2010 2015

HF1

HF2

HF3

LF1

LF2

LF3

UF1

UF2

UF3

Whole Plot

Year

All species

 A B  

 



TOMA et al. – Logged and burned dipterocarp forest 

 

1165 

  

 A B  

 
 

Figure 5. Distribution of trees in the 9-ha plot according to DBH class in 2014. A. Tree density, B. Aboveground biomass (AGB). 
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Figure 6. Number and AGB of died trees in the 9-ha plot between 2000 and 2014. A. Tree density, B. Aboveground biomass (AGB). 

Tree census was not conducted in 2001, 2002, and 2004. Therefore, the number of recruited and died trees between 2000 and 2003 

divided by 3 years, and values between 2003 and 2005 were obtained by the number of trees recruited and died between 2003 and 2005 

divided by 2 years. Note the variation in Y scale 

 

 

 

trees. On the contrary, lesser number of large-sized trees of 

primary species contributed to AGB loss by died trees. 

Discussion 

Long-lasting effects of logging 

Results of our monitoring show that the logged and 

burned forest is undergoing a recovering process after the 

recurrent logging and fires. However, the impacts of the 

disturbances on the forests are still manifest on AGB in the 

logged stands. The differences in AGB in the felled (HF 

and LF) and UF plots induced by the experimental felling 

sustained even after the fire disturbance and then continued 

to remain until 16 years after the fires. 

AGB of large trees 

Although AGB of the 9-ha plot has been increasing 

since 2000 at the whole-plot level, some subplots showed 

AGB depletion at specific timings. Sporadic death of large-

sized trees resulted in AGB loss at the 1-ha subplot level. It 

is well known that a small number of large-sized trees 

contain a large share of AGB and its dynamics in tropical 

forests (Bastin et al. 2015, Slik et al. 2013). As 

experimental felling removed the large-sized trees from the 

felled (HF and LF) plots, the dynamics of AGB in the 

felled plots should have changed from those in the UF plots. 

In fact, Osone et al. (2016) found that coarse wood debris 

(CWD) stocks in the HF and LF plots were 50%-60% 
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lower than those in the UF plots. In 2012, there were few 

large-diameter CWD pieces in the HF and LF plots, 

whereas there were large standing dead and uprooted trees 

in the UF plots (Osone et al. 2016). Due to the persistence 

of these large died trees of late successional species in the 

forest as CWD stocks for a longterm (Osone et al. 2016), 

the loss of AGB does not result in a rapid decrease in the 

carbon stock of the forest. 

Pioneer trees 

Tree density that was decreased by felling and fires 

recovered rapidly by the recruitment of pioneer trees. 

Although pioneer trees increased their AGB at a rapid rate, 

maximum AGB stock of pioneer trees was much smaller 

than those of late successional trees. Successional species 

change from pioneer to late successional trees is needed to 

accumulate AGB comparable to that of original forests in 

the region (Toma et al. 2005). 

Hiratsuka et al. (2006) reported that very short-lived 

pioneer trees that had dominated the severely burned sites 

in BSREF disappeared within some years after the 1998 

fires and were replaced with pioneer species. Warsudi 

(2012) reported that tree density of pioneer trees in the 9-ha 

plot started to decrease in 2008 but depletion of biomass of 

pioneer stands kept increased until 2010. We have been 

observing a transitional change from pioneer species to late 

successional trees after around 10 years after the fires. As 

late successional tree species grow longer and larger than 

the pioneer trees, the logged and burned stands have a 

potential to recover their biomass comparable to that before 

the disturbances. The logged and burned dipterocarp forests 

can sequestrate carbon and act as carbon stock, if we save 

them from further disturbances in the longterm.  

Variation by time and space 

We observed a general trend of tree density and AGB in 

the entire 9-ha plot. At the same time, we observed 

variations among plots even under the same felling 

treatment. These variations may be due to topographic 

variation and also past disturbance intensities induced by 

selective logging before 1979 and the fires in 1982-83. A 

generalized conclusion could not be drawn from the 9-ha 

plot because the range of disturbance magnitude and the 

frequency were too large. 

In this study, we describe the time trends in tree density 

and AGB in a logged and burned forest at the 1-ha subplot 

level. As death of trees due to logging and fires was 

sporadic, spatial variation of tree density and AGB existed 

in the subplots. For instance, even in the felled plots (LF 

and UF), large late successional trees remained at specific 

sites. On the other hand, patches without surviving trees 

were observed in the UF plots in 2000. To understand the 

recovering process after logging and fires, it may be useful 

to group the stands based on the disturbance intensities or 

surviving trees and then analyze the changes among the 

groups. Results of such an analysis as well as changes in 

tree species composition in the 9-ha plot will be reported in 

succeeding papers. 

The number of recruited trees was higher in the felled 

plots where trees that survived the experimental felling and 

fires were scarce. The impact of experimental felling was 

not even within the felled plots. There were areas with 

direct impacts of felling and other areas without the 

impacts. Mortality induced by the 1998 fires also varied 

within a subplot. As BSREF had been logged selectively in 

1978 and was affected by the 1982-83 and 1997-98 fires, 

the 9-ha plot is not free from past disturbance history and 

exhibited large special variations in tree density and AGB 

at a smaller scale. The recovering process may be described 

clearly by analyzing smaller areas in accordance with trees 

that survived the past disturbances. 

In conclusion, a recent study using satellite imagery 

showed that the majority of all forests in lowland Kutai 

have disappeared in the last 40 years (Gaveau et al. 2016). 

BSREF is one of the remnant forests in the deforested area. 

Although AGB of BSREF is smaller than AGB of original 

forests because of logging and fires, the forest is 

undergoing a recovering process. Long-term monitoring of 

forest recovery in the 9-ha plot will provide a scientific 

base for managing, conserving, and restoring logged and 

burned forests in the region. 
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Abstract. Krisnawati A, Adie MM. 2017. Characterization and performance of agronomic characters of soybean genotypes resistant to 
pod shattering. Biodiversitas 18: 1158-1164. Pod shattering is one of the major obstacles of soybean cultivation in Indonesia’s tropical 
climate. A total of 24 soybean genotypes, including Anjasmoro (check variety for pod-shatter resistant), Argomulyo and Grobogan 
(susceptible to pod shattering). The field experiment was conducted in Banyuwangi (East Java, Indonesia) during the dry season II 2016. 
The experimental design was randomized block, consisted of 24 soybean genotypes as sample trait with four replications. Pods from six 
random plants at physiological maturity (R8) were detached for pod shattering evaluation. The pod shattering evaluation was conducted 
in Laboratory of Plant Breeding, Indonesian Legumes and Tuber Crops Research Institutes (Malang, Indonesia) by using oven method 
and ambient temperature method. The classification of shattering resistance was according to Bailey et al. (1997) and Mohammed 
(2010), i.e. resistant (0-10% shattered pods), intermediate (11-70 % shattered pods) and susceptible (71-100% shattered pods). The 
average shattered pods of 24 genotypes by oven method reached 42.67%, higher than those of ambient method (21.81%). Six soybean 
genotypes showed consistently resistant to pod shattering based on oven as well as ambient method. Pods position at lower part was 
more susceptible to pod shattering than those at middle and upper part. The limit of pod shattering was ranging from two to 38 days. 
Genotype of G511H/Anjs/Anjs-1-2 which characterized by pod shatter resistant, produced high yield, and large seed size, was 
potentially developed at the tropical area, such as Indonesia.  

Keywords: Agronomic character, Glycine max, pod position, pod shattering 

INTRODUCTION  

Soybeans in Indonesia are mostly cultivated during the 
dry season (June/July-September/October). As a 
consequence, the seed maturing process and the period 
thereafter often occur in the peak of dry season, which 
poses a different production problem, such as pod 
shattering. The use of susceptible variety to pod shattering 
will aggravate the seed losses. The yield losses due to 
shattering were varied from 34 to 99% (Tiwari and 
Bhatnagar 1991) depend on the susceptibility of the 
variety, environmental factors, and delayed harvesting.  

The efficient and reasonable effort to minimize the 
yield losses due to pod shattering is through the use of 
resistant variety. The success in increasing soybean 
resistance to pod shattering is determined by the 
availability of genetic diversity, an understanding of the 
genes controlling shattering resistance, and an efficient 
selection method. Various research revealed that pod 
shattering was genetically controlled (Bailey et al. 1997; 
Caviness 1969; Saxe et al. 1996). Mohammed et al. (2014) 
observed ratios at F2 population, and then concluded that 
inheritance of resistance to pod shattering was quantitative 
and under the influence of either duplicate recessive or 
dominant and recessive epistasis depending on the parental 
genotypes used in the cross. Another study revealed a 
presence of two major genes along with inhibitory epistasis 
for the inheritance of pod shattering in soybean (Bhor et al. 
2014). Similarly, Tukamuhabwa et al. (2002) reported that 

pod shattering in soybean is under control of two genes and 
is partially dominant over resistance which influenced by 
non-allelic interactions resulting in classical dominant 
epistasis. Furthermore, using quantitative trait locus (QTL), 
Yamada et al. (2009) and Funatsuki et al. (2014) obtained 
qPDH1 which potentially be used as a marker-assisted 
selection for shattering resistance in soybean.  

The phenomenon of pod shattering is to be a problem 
within soybean cultivation not only in sub-tropical regions, 
but also in soybean production centers in the tropics. 
Identification of soybean resistance to pod shattering have 
been conducted, and resistant genotype has also been used 
as a parent to improve resistance to shattering soybean 
pods. In Thailand, a cultivar of SJ2 was reported to be 
resistant to pod shattering (Yumoto et al. 2000). Moreover, 
in India, a cultivar of NRC 7 was reported to be resistant, 
but EC 241780 and Kalitur were susceptible (Bhor et al. 
2014). Tukamuhabwa et al. (2002) conducted a study of 
genetic resistance to pod shattering using susceptible 
cultivars (AGS 292 and TGm 737P), resistant (Duiker, 
Gc81090-48, Roan and TGx 1448-2E0) and moderate 
(Kabanyolo 1 and Samsoy 1). Meanwhile, in Indonesia, the 
result of field observation revealed that Anjasmoro cultivar 
was resistant to pod shattering. The availability the genetic 
diversity of soybean resistance to pod shattering provide 
opportunities for improving resistance to pod shattering. 

Soybean resistance to pod shattering was determined by 
various aspects, such as plant architecture, structure of pod 
anatomy, chemical composition of pod wall, genetic 
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constituent, and environmental condition during pods at 
maturity phase (Gulluoglu et al. 2006). A study by Tiwari 
and Bhatia (1995) showed that the thickness and length of 
the bundle cap on the dorsal side of the pod and pod-wall 
thickness became the determinant factors of soybean 
resistance to pod shattering. Bara et al. (2013) examined 
the relationship between morphological characters with pod 
shattering resistance, and he reported that soybean with 
small pod, less pod width and low volume/weight of seed 
were tolerant to pod shattering. Differences in pod 
morphological characters as a determinant of resistance to 
pod shattering depends on the cultivar and evaluation 
methods of pod shattering resistance. Agrawal et al. (2000) 
suggested the evaluation of pod shattering resistance could 
be done in the laboratory. Morgan et al. (1998) evaluated 
pod shattering in oilseed rape, and revealed that resistance 
to pod shattering determined in the laboratory was broadly 
linked to field assessment scores. However, Adeyeye et al. 
(2014) did not found consistently resistant variety when 
examining pod shattering in 15 soybean cultivars in the pot 
and field, respectively. 

Nowadays, the problems during soybean cultivation in 
Indonesia are climate change and the labor scarcity. 
Shortage of labor can delay harvesting, leading to yield 
losses. A significant yield loss was reported by Tiwari & 
Bhatnagar (1991) due to delayed harvesting at maturity, 
particularly in susceptible varieties to pod shattering. The 
availability of soybean resistant to pod shattering would 
reduce the yield losses and increase the farmers’ income. A 
study by Tukamuhabwa et al. (2002) showed that resistant 
varieties did not shatter even when harvested after a 
delayed harvesting period of 21 days. The aim of the 
research was to characterize soybean resistance to pod 
shattering and the agronomic characters of several soybean 
genotypes.  

MATERIALS AND METHODS 

The field experiment was conducted in Banyuwangi 
(East Java, Indonesia) on dry season II (August-October) 
2016. The materials consist of 24 soybean genotypes, 
including three check varieties, i.e. Anjasmoro (pod shatter 
resistant), Argomulyo and Grobogan (susceptible to pod 
shattering). The experimental design was randomized 
block, 24 soybean genotypes as sample trait, and each 
genotype had four replications. The plot size was 2.0 × 4.5 
m, with 40 cm × 15 cm planting distance, two plants per 
hill. Fertilizer of 250 kg Phonska/ha + 100 kg SP 36 and 1 
t/ha organic fertilizer was applied prior sowing. Weeding 
was done on two and four weeks after planting. The 
observation was made on days to maturity, plant height, 
100 seed weight, and seed yield.  

Pods from six random plants at physiological maturity 
(R8) were detached for pod shattering evaluation. The pod 
shattering evaluation was conducted in Laboratory of Plant 
Breeding, Indonesian Legumes and Tuber Crops Research 
Institutes (Malang, Indonesia) by using oven method and 
ambient temperature method. On oven method, 30 fully 
matured pods were randomly taken from three soybean 

plants of each genotype, and then placed in petri dishes and 
kept in the oven. Oven temperature was set at 30˚C for 
three days, and then elevated into 40˚C (one day), 50˚C 
(one day), 60˚C (three days). On ambient temperature 
method, three randomly sample plants were placed at room 
temperature. Each sample plant was marked into three 
parts, i.e. ⅓ upper part, ⅓ middle part, and ⅓ lower part. 
The observation was made on number of shattered pods at 
each part.  

The classification of shattering resistance was according 
to Bailey et al. (1997) and Mohammed (2010) as follows: 
(i) Resistant = 0-10% shattered pods, (ii) Intermediate = 
11-70 % shattered pods, (iii) Susceptible = 71-100% 
shattered pods 

RESULTS AND DISCUSSION 

The grouping of resistance 
The evaluation of soybean resistance to pod shattering 

based on oven method showed heavy selection pressure 
compared to the ambient temperature method (Table 1). 
The pod shattering average of 24 soybean genotypes by 
oven method was 42.67%, higher than those of ambient 
temperature method (21.81%) (Figure 1). By oven method, 
six soybean genotypes showed resistant reaction, 11 
genotypes categorized as intermediate, and seven 
genotypes were susceptible to pod shattering. The 
resistance evaluation by placing soybean at natural 
condition (ambient temperature) showed 12 genotypes as 
resistant, ten genotypes were intermediate, and the rest two 
were susceptible to pod shattering. 

Six resistant genotypes based on oven method showed a 
consistent resistant reaction when assessed using ambient 
temperature. However, the other genotypes which 
classified as intermediate based on oven method, turn into 
resistant based on ambient temperature method. The 
resistant check variety (Anjasmoro) was categorized as 
intermediate based on oven method, but resistant based on 
ambient temperature method. The other two susceptible 
check-varieties (Argomulyo and Grobogan) showed a 
consistently susceptible reaction for both methods.  

The pattern of pod shattering 
The pattern of pod shattering occurrence on each 

individual plant was studied through pod shattering 
evaluation by placing fully mature soybean plant at 
ambient temperature. The number of pod per plant was 
different between genotypes, as well as the number of pods 
at upper, middle and lower part of plant, respectively. A 
similar pattern also found on the pod shattering of each part 
of plant as well as between genotypes (Table 2). 

The average number of pods at upper, middle and lower 
part of plant was 13.47, 15.59, and 13.56 pods per plant, 
respectively. The number of pods at middle part of plant 
was greater than those at upper and lower part. However, if 
we observed the number of pod shattering between parts of 
the plant (Table 2, Figure 2), it showed that pod on lower 
part of plant was more susceptible to pod shattering 
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(27.36%) than those at upper part (17.03%) and lower part 
(18.99%). 

Figure 2 shows the pod shattering patterns of three parts 
of the plants (upper, middle, and lower part). It indicates 
that the resistant-ability average of 24 soybean genotypes 
to pod shattering was only up to 12 days. However, the 
distribution of resistant limit (0-10% shattered pod) of 24 
genotypes was ranged from two to 38 days (Fig. 3). For 
example, Grobogan variety had a resistant limit to pod 
shattering only up to two days after full maturity, but on the 
contrary, G511H/Anjs/Anjs-5-5 had a resistant limit to pod  

shattering up to 38 days. This is revealed that 
G511H/Anjs/Anjs-5-5 held seed better when the delayed 
harvest until 38 days on the ambient temperature. 

Characters of agronomy 
Agronomic characters which consist of days to 

maturity, plant height, 100 seed weight, and seed yield 
were significantly different between genotype (Table 3). 
The days to maturity ranged from 75-85 days (an average 
of 81 days), plant height ranged from 50.30 to 71.75 cm (an 
average of 60.98 cm), 100 seed weight ranged from 

 
 
 

 
 

 
 
Figure 1. Percentage of pod shattering based on oven method (right) and ambient temperature method (left) 
 
 
 
Table 1. Grouping of soybean resistance to pod shattering in 2016 
 

Genotype 
Pod shattering 

Oven method Ambient temperature method 
% Criteria % Criteria 

G511H/Anjs/Anjs-2-13 100.00 S 51.80 I 
G511H/Anjs-1-1 12.50 I 10.41 I 
G511H/Arg//Arg///Arg-30-7 41.67 I 5.88 R 
G511H/Kaba//Kaba///-4-4 47.50 I 23.21 I 
G511H/Kaba//Kaba///Kaba////Kaba 16-2 30.00 I 11.12 I 
G511H/Anjs/Anjs///Anjs-3-3 15.83 I 7.80 R 
G511H/Anjs/Anjs///Anjs-6-13 3.33 R 2.27 R 
G511H/Anjs/Anjs-1-2 15.83 I 3.12 R 
G511H/Anjs/Anjs-5-5 5.00 R 1.14 R 
G511H/Anjs/Anjs///Anjs-6-11 99.17 S 56.35 I 
G511H/Anjs/Anjs///Anjs-8-1 5.83 R 3.85 R 
G511H/Anjs/Anjs-1-3 97.50 S 37.46 I 
G511H/Anjs/Anjs///Anjs-6-12 33.33 I 10.44 I 
G511H/Anj//Anj///Anj////Anjs-6-8 5.00 R 4.47 R 
G511H/Anjasmoro//Anjasmoro-2-8 12.50 I 10.13 R 
G511H/Arg//Arg///Arg///Arg-12-15 90.00 S 48.98 I 
G511H/Anj//Anj///Anj-6-3 25.00 I 2.74 R 
G511H/Arg//Arg///Arg///Arg-19-7 96.67 S 39.66 I 
G511H/Anjasmoro-1-7 3.33 R 1.27 R 
G511H/Anj//Anj///Anj////Anjs-6-7 3.33 R 5.30 R 
G511H/Anjasmoro-1-4 69.17 I 13.58 I 
Anjasmoro 13.33 I 8.37 R 
Argomulyo 98.33 S 71.53 S 
Grobogan 100.00 S 92.53 S 
Average 42.67  21.81  
Mean Square **  **  
Note: R = resistant (1-10%), I = intermediate (11-70%), S = susceptible (71-100%), ** = significant at 5 % probability level (p < 0.05) 
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Table 2. Number of pod and pod shattering at upper, middle, and lower part of the plant based on ambient temperature method in 2016 
 
Genotype Number of pod/plant Pod shattering (%) 
 Upper Middle Lower Upper Middle Lower 
G511H/Anjs/Anjs-2-13 13.25 13.00 13.25 42.96 64.21 50.72 
G511H/Anjs-1-1 12.75 16.75 11.75 13.32 5.44 19.15 
G511H/Arg//Arg///Arg-30-7 11.00 12.75 12.25 0.00 5.24 12.50 
G511H/Kaba//Kaba///-4-4 13.25 18.00 17.00 18.81 25.80 26.33 
G511H/Kaba//Kaba///Kaba////Kaba 16-2 18.00 14.25 13.50 6.72 8.62 19.64 
G511H/Anjs/Anjs///Anjs-3-3 16.25 18.00 18.00 0.00 6.61 19.60 
G511H/Anjs/Anjs///Anjs-6-13 16.50 20.25 22.50 0.00 1.47 4.86 
G511H/Anjs/Anjs-1-2 16.25 15.50 16.75 5.80 0.00 5.05 
G511H/Anjs/Anjs-5-5 15.00 14.00 12.00 0.00 0.00 3.85 
G511H/Anjs/Anjs///Anjs-6-11 10.50 14.00 11.75 60.83 58.71 52.08 
G511H/Anjs/Anjs///Anjs-8-1 17.00 14.25 11.00 2.50 2.27 9.23 
G511H/Anjs/Anjs-1-3 10.00 19.25 8.75 24.20 40.47 47.74 
G511H/Anjs/Anjs///Anjs-6-12 9.50 16.50 16.25 1.92 3.43 23.39 
G511H/Anj//Anj///Anj////Anjs-6-8 15.00 16.50 13.75 2.78 2.08 9.94 
G511H/Anjasmoro//Anjasmoro-2-8 13.00 13.00 7.75 1.47 1.47 41.16 
G511H/Arg//Arg///Arg///Arg-12-15 10.25 16.50 14.50 66.62 45.97 45.00 
G511H/Anj//Anj///Anj-6-3 18.50 21.25 18.75 0.00 1.79 5.69 
G511H/Arg//Arg///Arg///Arg-19-7 8.25 9.25 9.00 30.83 40.28 47.89 
G511H/Anjasmoro-1-7 14.75 13.75 13.25 0.00 0.00 4.77 
G511H/Anj//Anj///Anj////Anjs-6-7 12.50 16.75 7.75 0.00 2.95 21.88 
G511H/Anjasmoro-1-4 19.00 20.75 15.00 8.74 16.40 22.33 
Anjasmoro 16.50 19.00 19.00 1.92 3.57 17.93 
Argomulyo 6.75 11.00 10.75 71.53 61.07 77.41 
Grobogan 9.50 10.00 11.25 47.78 57.95 68.51 
Average 13.47 15.59 13.56 17.03 18.99 27.36 
Mean square :        
Pod position (P)  **   **  
Genotype (G)  **   **  
P × G  ns   ns  
Note: ** = significant at 5 % probability level (p < 0.05), ns = not significant 
 
 
 
 

 
 
Figure 2. Pod shattering at upper, middle, and lower part of the 
soybean plants 
 
 

 
 
Figure 3. Resistance limit to pod shattering of 24 soybean 
genotypes 
 

 

16.06-21.09 g (an average of 17.57 g/100 seeds), and seed 
yield ranged from 2.08-3.35 t/ha (an average of 2.67 t/ha). 
A total of seven soybean genotypes was classified as early 
days to maturity (under 80 days). Moreover, all tested 
genotypes have large seed size (> 14.00 g/100 seeds).  

Evaluation of shattering resistance showed that six 
soybean genotypes (G511H/Anjs/Anjs///Anjs-6-13, 
G511H/Anjs/Anjs-5-5, G511H/Anjs/Anjs///Anjs-8-1, 
G511H/Anj//Anj///Anj////Anjs-6-8, G511H/Anjasmoro-1-7, 
and G511H/Anj//Anj/// Anj////Anjs-6-7) were consistently 

resistant based on oven method as well as ambient 
temperature method. Those genotypes have days to 
maturity ranged from 83-84 days, plant height ranged from 
60.15-83.35 cm, 100 seed weight ranged from 16.21-17.81 
g, and seed yield ranged from 2.23-3.17 t/ha. Genotype of 
G511H/Anjs/Anjs///Anjs-8-1 produced the highest yield 
(3.17 t/ha), higher than those of resistant check of 
Anjasmoro (2.63 t/ha); hence, it is potentially be developed 
at various soybean production centers in Indonesia. 

 



 B IODIVERSITAS 18 (3): 1158-1164, July 2017 

 

1162 

  
Table 3. Days to maturity, plant height, 100 seed weight, and seed yield of 24 soybean genotypes in 2016 
 

Genotype Days to maturity 
(day) 

Plant height 
(cm) 

100 seed weight 
(g) 

Seed yield 
(t/h) 

G511H/Anjs/Anjs-2-13 79 56.70 20.33 2.91 
G511H/Anjs-1-1 84 58.00 17.42 2.11 
G511H/Arg//Arg///Arg-30-7 82 51.35 17.41 2.61 
G511H/Kaba//Kaba///-4-4 82 68.05 17.28 3.35 
G511H/Kaba//Kaba///Kaba////Kaba 16-2 84 57.20 17.64 2.08 
G511H/Anjs/Anjs///Anjs-3-3 80 44.85 18.18 2.64 
G511H/Anjs/Anjs///Anjs-6-13 83 83.35 16.91 2.67 
G511H/Anjs/Anjs-1-2 84 75.35 16.47 3.22 
G511H/Anjs/Anjs-5-5 84 60.15 16.90 2.23 
G511H/Anjs/Anjs///Anjs-6-11 79 58.55 18.45 3.05 
G511H/Anjs/Anjs///Anjs-8-1 85 67.55 17.81 3.17 
G511H/Anjs/Anjs-1-3 81 50.30 16.14 2.64 
G511H/Anjs/Anjs///Anjs-6-12 82 62.25 18.08 2.82 
G511H/Anj//Anj///Anj////Anjs-6-8 83 64.40 16.38 2.52 
G511H/Anjasmoro//Anjasmoro-2-8 78 49.00 18.76 2.67 
G511H/Arg//Arg///Arg///Arg-12-15 79 51.60 19.60 2.09 
G511H/Anj//Anj///Anj-6-3 83 69.10 17.06 2.71 
G511H/Arg//Arg///Arg///Arg-19-7 79 55.90 17.81 2.95 
G511H/Anjasmoro-1-7 83 60.15 16.21 2.25 
G511H/Anj//Anj///Anj////Anjs-6-7 83 74.45 16.96 2.78 
G511H/Anjasmoro-1-4 80 65.00 16.03 2.42 
Anjasmoro 85 71.75 16.06 2.63 
Argomulyo 75 58.00 16.84 3.09 
Grobogan 77 50.40 21.09 2.38 
Average 81 60.98 17.57 2.67 
Mean Square ** ** ** ** 
Note: ** = significantly different at p=0.01 
 
 
 
 
Discussion 

Yield losses are the major problems related to the 
fulfilling the needs of food crops in the world, including in 
Indonesia. Yield losses in soybean can occur during 
planting, at maturity phase, and processing. Pod shattering 
which takes place after maturity phase will be aggravated 
by delayed harvesting. In the tropical area, such as 
Indonesia, the larger cultivation area of soybean is at the 
peak of dry season, and due to the labor scarcity will result 
in delayed harvesting, and then lead to considerable yield 
losses, especially on variety which susceptible to pod 
shattering.  

The prospective effort to suppress the yield losses is by 
providing soybean variety resistant to pod shattering. 
Characterization of 24 soybean genotypes obtained six 
resistant genotypes to pod shattering based on both oven 
(range of pod shattering was 33.33-5.83%) and ambient 
temperature method (range of pod shattering was 1.14-
5.30%). The resistance evaluation based on oven method 
showing a high selection pressure, whereas ambient 
temperature method was more closely reflect the real 
condition in the field. Thus, resistant genotype based on 
oven method will also resistant on ambient temperature 
condition.  

In Indonesia, Anjasmoro is categorized as popular 
soybean variety and widely grown by farmers. In this 
study, Anjasmoro showed intermediate resistant (based on 
oven method), but became resistant when evaluated at 

ambient temperature. Based on oven method, six genotypes 
were categorized as resistant to pod shattering. Moreover, 
their resistance based on ambient temperature method were 
higher than Anjasmoro. Furthermore, Argomulyo and 
Grobogan varieties were susceptible to pod shattering, 
which was also shown in previous studies (Krisnawati and 
Adie 2017). The susceptibility of Grobogan was higher 
than Argomulyo. In Southern Japan, the yield losses due to 
pod shattering reached 422 kg/ha (Shirota et al. 2001). 
Another study reported the yield losses ranged from 34-
99% (Tiwari and Bhatnagar 1991) and 50-100% (IITA 
1986). Tukamuhabwa et al. (2002) also reported that the 
soybean yield losses on susceptible and moderate variety 
were 57-175 kg/ha and 0-186 kg/ha, respectively. The 
quantities of yield losses is determined by various factors, 
such as genetic, environment, as well as the duration of 
delayed harvesting after plant maturity. The important 
environmental factors that affect the pod shattering are dry 
climate, low humidity, high temperature, and rapid 
temperature changes (Agrawal et al. 2002). Zhang and 
Boahen (2010) reported that the rate of shattering was 
faster on non-irrigated soybean than irrigated soybean. 
Furthermore, Zhang and Bellaloui (2012) stated that 
temperature and rainfall as essential factors affecting 
soybean seed shattering. Another study revealed that pod 
wall thickness as a determinant factor of soybean resistance 
to pod shattering (Tiwari and Bhatia 1995; Kuai et al. 
2016). 
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Soybean resistance to pod shattering was varied 
between genotypes, as well as the limit of resistance to pod 
shattering. This research has revealed two things, i.e. (1) 
mapping the pod shattering pattern in a single plant, and (2) 
describe the resistance duration of a genotype to pod 
shattering. Currently, those aspects in soybean have not 
been investigated. The pod position at lower part was more 
susceptible (27.36% shattered pod) compared to the middle 
(18.99% shattered pods) and upper part (17.03% shattered 
pod) of the soybean plant. In terms of physiological 
maturity, pods on the lower part will mature earliest than 
those of middle and upper part. It is likely that position of 
the pods affects pod shattering attributes. From this study 
indicated that soybean genotypes with pods position more 
concentrated at upper and middle parts may show less 
shattered pods. But this result was not in agreement with 
Romkaew et al. (2007), who reported that the frequency of 
pod shattering was higher at the upper part of the stem than 
other parts of the stem. However, a further study is needed 
because other factors may be involved, such as the 
moisture content of the pods. The resistance duration of a 
genotype to pod shattering based on ambient temperature 
method was varied, which ranged from 2-38 days. 
Grobogan variety, which categorized as susceptible, only 
resistant up to two days, and on the third day has turned 
into an intermediate resistance. In this study, two genotypes 
(G511H/Anjs/Anjs///Anjs-6-13 and G511H/Anjs/Anjs-5-5) 
were able to hold seeds relatively well up to 38 days after 
maturity. Another genotype (G511H/Anjs/Anjs-1-2) had 
resistance limit to pod shattering up to 35 days. This result 
showed that the harvest of those genotypes can possibly be 
delayed for relatively longer periods after maturity without 
significant yield losses. Thus, those genotypes are good 
sources of resistance for breeding for shattering resistance.  

Observing the various environmental factors which may 
induce the pod shattering on soybean, hence, most of those 
factors are difficult to manipulate. During these conditions, 
the availability of variety resistant to pod shattering could 
minimize the yield losses. The efforts to improve soybean 
resistance to pod shattering have been conducted in various 
countries, however, in Indonesia has not done much to 
develop the pod shatter resistant variety. Tukamuhabwa et 
al. (2000) studied the inheritance pattern of soybean 
resistance to pod shattering through the hybridization 
between resistant and susceptible genotypes. The study 
revealed that the inheritance of pod shattering in soybean 
was controlled by two genes. 

The choice to secure the soybean productivity is 
specific for each tropical agroecology. In Indonesia, 
soybeans are planted three times a year, i.e. in early wet 
season (November/December-February/March) on dry 
land, in the first dry season (March to June on upland or 
lowland with limited irrigation, and in the dry season (July-
September) on lowland. The essential soybean 
characteristics in such planting pattern are early days to 
maturity (< 80 days) up to medium maturity (80-90 days), 
and large seed size (> 14 g/100 seeds). Those conditions 
are different with other soybean production countries. 
Thus, selection of soybean genotypes in tropical area of 

Indonesia is emphasized to pod shattering resistance, high 
yield, large seed size, and early to medium maturity group. 

For a summary, the opportunity to obtain soybean pod 
shattering resistance is considerably higher due to the large 
genetic variability of soybean resistance to pod shattering. 
The pod position at lower part of the plant was more 
susceptible to pod shattering compared to those at middle 
as well as upper part. Genotype of G511H/Anjs/Anjs-1-2 
produces high yield, large seed size, and resistant to pod 
shattering, thus, potentially developed in tropical area of 
Indonesia. 
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Abstract. Nurhasanah, Sadaruddin, Sunaryo W. 2017. Yield-related traits characterization of local upland rice cultivars originated from 
East and North Kalimantan. Biodiversitas 18: 1165-1172. In East and North Kalimantan, rice genetic diversities were very high. Most 
of the local rice cultivars existed in East and North Kalimantan, are upland rice cultivars. Unfortunately, most of those cultivars have not 
been optimally studied and characterized for rice breeding purposes. In this study, 146 upland rice cultivars originated from East and 
North Kalimantan were grown in the field which was further characterized their yield parameters. Tillering capacity, productive tiller, 
the size and structure of panicle as well as grain characteristics were characterized in the population to select potential superior cultivars. 
The results showed that the phenotypic variation of tillering capacity in those local upland rice was very high. Tiller number was varied 
from 2 to 66 tillers, with an average of 20.92 tillers and 25 cultivars had more than 30 tillers. Large range of productive tiller was also 
observed in the population, ranging from 14.8 to 100% of their tillering capacity, but most of the cultivars (80%) had more than 70% 
productive tiller. In addition, 9 cultivars had 100% productive tillers, in which all of the tillers generated panicles. Highly significant 
positive correlation (0.802**) was observed between productive tiller and tillering capacity. The panicle length of the local upland rice 
cultivars was in range from 14.5 cm to 43.5 cm, with most of the panicle size population clustered in length of 20-30 cm. In addition, 
8.2% cultivars had a dense/heavy category, while 22.6% were sparse, and the rest of 70.2% had no panicle secondary branch. Variation 
of grain characteristics of local upland rice in the East and North Kalimantan including grain weight, grain length and width, as well as 
length-to-width ratio was also discussed in this study.  

Keywords: East and North Kalimantan, local rice, upland rice, yield-related traits  

INTRODUCTION 

Rice (Oryza sativa L.) is one of the top three leading 
food crops in the world together with wheat and maize. It is 
a staple food for more than half of world’s total population. 
In Asia, rice is the most important cereal crops providing 
the main energy source of carbohydrates for most of the 
Asian people (Mohanty 2013). The trend of rice 
consumption apparently increases annually, even though it 
is varied in each country region. In the last two years, the 
number of global rice utilization is slightly higher than that 
of rice global production (FAO 2017). Therefore, efforts to 
increase the rice production are of importance to meet the 
high demand of rice in the market due to the vast 
population growth and future food security purposes.  

The use of superior rice varieties is one of the most 
effective strategies to increase rice productivity together 
with the application of intensive cultivation techniques. As 
the most valuable factor in the successful rice-breeding 
program, the development of superior variety is not a rapid 
process in a short period. Several breeding strategies and 
procedures should be applied including genetic diversity 
exploitation in order to obtain the most promising 
germplasm candidates for the generation of new rice 
varieties.  

Biodiversity plays an important role in plant breeding 
program. It provides genetic diversity as an important 
source in the generation of improved plant varieties. The 

presence of rice gene pool obtained from traditional/local, 
wild types and modern rice varieties, can maximize the 
availability of genes diversity. It becomes valuable gene 
repositories, which could be used for further important 
traits in rice breeding program. High genetic diversities of 
local rice cultivars have been successfully reported by 
Hendra et al (2009) and Nurhasanah and Sunaryo (2015). 
Furthermore, a large variation of several traits observed in 
the local rice population in East Kalimantan showed in the 
abundance of genetic variation (Nurhasanah et al. 2016). 
Wide geographical distribution and long history of 
cultivation may contribute to the great diversity and varied 
characteristics of local rice. According to Yawen et al. 
(2003) and Sarawgi and Bine (2007) the well-adapted local 
rice cultivars in a wide range of agro-ecological conditions 
may provide novel alleles, which potentially improve rice 
productivity and quality. Therefore, the local rice genetic 
diversity should be optimally used in rice breeding 
program. 

 Identification, selection, and evaluation of germplasms 
are the basic strategy of plant breeding programs. The 
identification of agronomical characters of germplasm is a 
primary activity in this study. This is an initial stage to 
discover potential parents for developing new superior rice 
variety. Therefore, the objective of this study was to 
characterize several yield traits of local upland rice 
germplasm from East and North Kalimantan for identifying 



 B IODIVERSITAS 18 (3): 1165-1172, July 2017 

 

1166 

the potential genotypes with superior characters for further 
used in breeding programs. 

MATERIALS AND METHODS  

Plant material 
Plant materials used in this study were local rice 

cultivars originated from nine districts in East and North 
Kalimantan, Indonesia namely Penajam Paser Utara, Paser, 
Kutai Kartanegara, Kutai Barat, Kutai Timur, Berau, 
Malinau, Bulungan and Nunukan (Figure 1). One hundred 
forty six local upland rice cultivars consisted of 33 
glutinous rice and 113 non-glutinous rice were observed in 
this study (Table 1).  

 
Field trial 

Field trial was conducted in Kutai Kartanegara 
Districts, East Kalimantan, from November 2015 to June 
2016. The field experiment was done in randomized 
completely block designs (RCBD) with three replications. 
Each replication was assigned to one block, representing a 
homogeny environmental condition. The three blocks 
located in the same experimental location with a flat land 
contour was selected as the experimental area. Cultivation 
technique in this experiment was a modification of 
traditional upland rice cultivation generally applied by the 
local farmer. Intensive cultivation technique such as soil 
tillage, fertilization and liming as well as pest and disease 
control were applied.  

Conventional soil tillage in a depth of 20 cm was 
conducted on the field after land clearing. Afterward, small 
plots of 3m x 3m (9m2) were formed as beds. Organic 
fertilizer and calcite were applied in secondary tillage, two 
weeks before sowing in order to improve chemical, 
physical and biological soil condition and to reduce soil 
acidity. Three seeds were sown in every planting hole with 
a distance of 30 cm x 30 cm (distance between rows of 
hole). Thinning and replanting were carried out when the 
seedlings were two weeks old, to maintain only one 
seedling grown well in each hill. Rice plants were then 
treated according to general upland rice cultivation 
procedures. No daily watering procedures were applied in 
the field; it only depended on naturally water source 
(rainfall). 
 
Agronomical characters and data analysis 

Several agronomical characters of yield were observed, 
such as tillering capacity, productive tiller, panicle size and 
structure as well as grain characteristics. The traits were 
characterized based on descriptors for rice (Oryza sativa) 
procedure by IBPGR-IRRI Rice Advisory Committee 
(1980) and descriptors for wild and cultivated (Oryza spp.) 
(IRRI, 2007). Correlations between traits were carried out 
using Pearson correlation to analyze their relationship. 
Traits distribution was figured out in histograms. Simple 
statistical analysis, mean, minimum and maximum value, 
as well as standard deviation, were conducted for data 
analysis.  

RESULTS AND DISCUSSION 

Tillering capacity 
For the improvement of potential yield, several trait 

identifications which may contribute significantly to 
increase rice yield potential are important to be done. It has 
been well known that tillering capacity is one of the most 
important characters determining yield potential, as it is 
closely related with the number of panicle per unit area. In 
this study, high variability of tillering capacity is observed 
in several local upland rice cultivars from East and North 
Kalimantan (Table 2). The tiller number of cultivars was in 
range of less than 10 or more than 50 tillers. Most of the 
cultivars (41.78%) had eleven to twenty tillers. 
Interestingly, one cultivar had more than sixty tillers, which 
belonged to non-glutinous rice cultivar.  

Rice tiller is branch developed from the leaf axis on the 
unelongated basal internode, which grows independently of 
the mother stem (Yoshida, 1981). Tiller relates directly to 
the grain production in grass crops, since each tiller has the 
capacity to generate panicles. Many studies prior to 
understanding factors controlling and affecting the tillering 
capacity in rice in terms of genetics investigation (Li et al. 
2003; Hussain et al. 2014; Uddin et al. 2016), and 
environmental factors (Assuero and Tognetti, 2009) have 
been conducted comprehensively. Genetically, tillering 
capacity is controlled by many genes (Yan et al. 1998; 
Miyamoto et al. 2004; Luo et al. 2012). One of quantitative 
traits characters is the continuous phenotypic variation, 
which could be seen from the distribution of tillering 
capacity in the local upland rice cultivars from East and 
North Kalimantan (Figure 2). Several environmental 
factors, such as the growth condition/cultivation methods 
(Kariali et al. 2014; Badshah et al. 2014), fertilizer (Zhong 
et al. 2002), light (Dingkuhn and Kropff, 1996), and 
temperature (Garba et al. 2007) affect the tillering capacity 
of rice. The abundance or limitation of those resources will 
increase or decrease the production of tillers. In this study, 
all environmental factors were in homogenous condition. 
Therefore, the varied results of tillering capacity achieved 
in the local upland rice cultivars from East and North 
Kalimantan should be caused by the genetic factor.  
 
Table 1. East and North Kalimantan local upland rice population 
 

Districts* 
Number 
of rice 

cultivars  

Glutinous 
rice 

Non-
glutinous 

rice 
Penajam Paser Utara (E) 8 3 5 
Paser (E) 17 6 11 
Kutai Kartanegara (E) 21 2 19 
Kutai Barat (E) 35 4 31 
Kutai Timur (E) 19 5 14 
Berau (E) 10 4 6 
Malinau (N) 9 2 7 
Bulungan (N) 11 4 7 
Nunukan (N) 16 3 13 
Total 146 33 113 
Note: *Origin of plant material; (E) East Kalimantan Province; 
(N) North Kalimantan Province 
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Figure 1. The origin of rice plant materials, East Kalimantan Province: 1. Penajam Paser Utara, 2. Paser, 3. Kutai Kartanegara, 4. Kutai 
Barat, 5. Kutai Timur, 6. Berau; North Kalimantan Province: 7. Malinau, 8. Bulungan, 9. Nunukan  
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Tillering capacity has influenced the rice productivity 

(Wang et al. 2007). High tiller number per plant is the most 
favorable characters as it is related to more panicle 
production. However, it will also increase plant density, 
which may lead to light and nutrient competition. In this 
case, tillers may not well develop or even die before they 
can produce a panicle. It will also cause uneven panicle 
maturity resulted in low grain quality in the harvest time. In 
addition, tiller producing no panicle or also called as 
unproductive tiller, is a competitor for the productive tiller. 
It reduces plant harvest index, and worthless agronomically 
as well as economically.  

Nowadays, varieties with low tiller number are also 
categorized as new ideotype of rice. Low tiller number 
(three to four tillers when direct seeded) is one of criteria of 
new plant type (NPT) of rice besides another criteria such 
as few unproductive tillers, 200 to 250 grains per panicle, a 
plant height of 90 to 100 cm, thick and sturdy stems, dark 
green and erect leaves, a vigorous root system, 100-130 
days growth duration, and increased harvest index (Peng et 
al. 1994). This new ideotype of rice is claimed effective for 
breaking the yield. A superior rice variety could be 
improved by increasing yield potential with the reduction 
of tillering capacity to produce a large panicle size (Peng et 
al. 2008). The NPT China's “super” hybrid rice, for 
example, produced grain yield of 12 ton ha−1 on trail fields, 
which is 8 to 15% higher than the hybrid model varieties. 
In addition to large panicle size, the increased yield through 
high-density grains was also considered as one of the 
impacts of low tiller number in rice (Vergara et al. 1990). 

 
Productive tiller 

Productive tiller is a very important yield traits because 
the final yield is mainly a function of the number of 
panicles bearing tillers per unit area. Results showed the 
productive tiller observed in the East and North Kalimantan 
upland rice population (Table 4) was in large range from 
14.8 to 100%. Around eighty percent of the cultivars in the 
population had more than 70% productive tiller. 
Remarkably, twenty percent of the cultivars had productive 
tiller of more than 90% of their tillering capacity.  

A high tillering capacity cultivar as ‘Siam’ had 66 
tillers and around eighty percent of the tillers were 
productive. Meanwhile, ‘Umbung Kirip’ cultivar with low 
tillering capacity (6.5 tillers) had only 50% productive tiller 
(3.5 panicle bearing tillers). The lowest percentage of 
productive tiller in the population was observed in ‘Rendah 
Kuning’ cultivar. This cultivar had 47.3 tillers, and only 
fifteen percent of them were panicle-bearing tillers. 
Interestingly, there were nine cultivars in the East and 
North Kalimantan upland rice population having 100% 
productive tiller, meaning that all of the tillers generated 
panicles. These cultivars consisted of low to high tillering 
capacity cultivars (Table 5), ranging from 10 to 30 tillers.  

High productive tiller number is one of the important 
criteria in rice, either in varieties with high or low tillering 
capacity. Some superior rice varieties that have been 
released in Indonesia have tiller number less than ten, but 
the varieties have high productive tiller. As an example, 

‘Fatmawati' which is one of superior new plant type (NPT) 
rice variety in Indonesia has a potential yield of 9 ton ha-1. 
Interestingly it only consisted of 8 to 14 tillers (Suprihatno 
et al. 2009) but most of them were productive. 

 
 

 
 
Figure 2. Tillering capacity distribution in East and North 
Kalimantan, Indonesia local upland rice population 
 
 
Table 2. Tiller number of East and North Kalimantan, Indonesia 
upland rice 
 
Tiller number Frequency Percentage 
0-10 19 13.01 
11-20 61 41.78 
21-30 41 28.08 
31-40 14 9.59 
41-50 8 5.48 
51-60 2 1.37 
> 60 1 0.68 
 
 
Table 3. The percentage of productive tiller produced in observed 
cultivars from East and North Kalimantan, Indonesia upland rice 
 
Percentage of  
productive tiller Percentage of cultivar 

0-10 0.00 
11-20 0.93 
21-30 2.78 
31-40 0.93 
41-50 2.78 
51-60 6.48 
61-70 6.48 
71-80 24.07 
81-90 34.26 
91-100 21.30 
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Table 4. Cultivars having 100% productive tillers 
 
Cultivar Origin/ District Type of Rice 
Sebuyung Biasa Paser  Non-glutinous 
Sebuyung Harum Paser Non-glutinous 
Ketan Serang* Paser Glutinous 
Ketan Tangkai Ngeno Paser Glutinous 
Siam Putih Penajam Paser Utara Non-glutinous 
Bogor Gemuk Kutai Barat Non-glutinous 
Ketan Hitam Berau Glutinous 
Ketan Sed Bulungan Glutinous 
Padi Ulin Malinau Non-glutinous 
Note: *Ketan is the name for sticky (glutinous) rice in Indonesia 
 
 
 

 
 
Figure 3. Relationship between tiller number and productive tiller 
number of all observed cultivars 
 
 
 
 

In a previous study, Badshah et al (2014) observed that 
the higher tiller number, the higher senescence tillers, 
unwell developed or died tillers before they can produce 
panicles. It means that low tiller number might generate 
high panicle-bearing tiller rate rather than the high tiller.  
Furthermore, Huang et al. (2011) explained that excessive 
tiller number leads to high tiller abortion, poor grain 
setting, small panicle size, resulting in further reduced-
grain yield. Contrary to those results, a highly significant 
correlation between tillering capacity and productive tiller 
(R=0.802**) was obtained in this study, indicating that the 
higher the tillering capacity, the higher the productive tiller 
number (Figure 3).  

Panicle size and structure 
The size and structure of panicles are important factors 

contributing to both yield and rice quality (Yamagishi et al. 
2003; Mo et al. 2012). Therefore, rice variety with 
increasing panicle size and weight is considered as a 
potential high yield variety. Large variation was observed 

in the panicle size of East and North Kalimantan local 
upland rice population. The panicle length distributed from 
14.5 cm to 43.5 cm (Figure 4, Table 5). Most of the panicle 
size in the population clustered in the 20-30 cm length with 
the mean value of 25.3 ± 4.2 cm (Mean ± SD). 

Panicle length, representing the panicle architecture, is 
one of the important yield-related traits. It is categorized as 
a quantitative trait, which is controlled by many genes (Liu 
et al., 2011; Yao et al., 2015). It has high phenotypic 
variation and largely influenced by environmental 
conditions. High phenotypic variation of panicle length is 
not only observed amongst rice species but also within rice 
subspecies. Generally, subspecies indica has longer panicle 
length than japonica. According to Zuo et al (2014), a 
considerable genetic variation of panicle length could 
happen within subspecies, which was also observed in this 
study. 

Panicle secondary branching is one of qualitative 
character that could also contribute to panicle size and 
weight. There are several types of secondary branches of 
panicle in rice description, dense/heavy, sparse/light or 
absent. In the North and East Kalimantan, the cultivars of 
local upland rice population consisted of 11 cultivars 
(8.2%) having dense/heavy panicle secondary branches and 
33 cultivars having sparse, and around 70% of the cultivars 
in the population have no secondary branch. It means that 
the eleven cultivars (Table 6) with a dense panicle 
secondary branch might be used as promising rice 
germplasm for high yield varieties. In a study conducted by 
Mo et al (2012), highly positive correlations (>0.95) 
between secondary rachis-branches and spikelets number 
per panicle has been reported. In addition, a higher number 
of spikelets was obtained in secondary rachis-branches per 
panicle compared to that in primary rachis-branches. These 
results were observed either in rice type of japonica or 
indica (tongil type), cultivated in both of different 
cultivation conditions, i.e. greenhouse and in the field. In 
this study, we did not calculate the number of spikelets per 
panicle, but we predict that the cultivars with a dense 
panicle secondary branches might produce a higher number 
of spikelets resulted in high yield production. 

Grain characteristic 
Grain characteristics are a component that can vary 

depending on the rice variety. In this study, variation was 
observed in grain characteristic of East and North 
Kalimantan upland rice cultivars. It could be seen from the 
grain weight, grain length and width, as well as length-to-
width ratio characters (Table 7). The variation could also 
be clearly observed from the distribution of the traits in the 
population (Figure 5). Most of quantitative traits exhibited 
continuous distribution which could be seen in rice grain 
characteristics. Several studies have confirmed that grain 
weight, grain length and width, and length-to-width ratio 
are quantitative traits, which genetically controlled by 
several genes (Lin and Wu 2003; Fan et al. 2006; Huang et 
al. 2012; Wang et al. 2012).  
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Grain weight, which is normally characterized by 
weight of thousand seeds, is one of the major components 
determining grain yield in rice (Xing and Zhang 2010), 
besides another component including number of panicles 
per plant and number of grains per panicle. It could give 
information about the density and size of the rice grains. 
Therefore, this trait cannot be separated from grain length 
and grain width, since they have a positive correlation with 
each other, although the grain length may give more 
contribution to the grain weight than the grain width (Lin 
and Wu 2003). Furthermore, both grain length and width 
also influence grain characteristics of rice. The comparison 
between grain length and width will determine the shape of 
rice grain. Approximately three-quarter of the local rice 
cultivars have slender/long grain shape, and the rest one-
quarter have bold grain shape (Table 8). None of the 
cultivars have round or short grain shape based on FAO 
scale standard of length/width comparison.  

Grain size and shape are important components of grain 
yield and quality. These characteristics have been 
considered as one of important selection criteria in rice 
breeding for the development of new varieties. They have a 
major impact not only on rice yield but also in the market 
values of rice grain products. Grain size and shape can 
directly affect consumer preference and choice, although 
the preference may vary from one ethnic to others. In 
addition, grain shape is also associated with certain 
cooking and processing characteristics. Most long-grain 
varieties tend to become dry and fluffy when it is cooked 
and the cooked kernels do not split or stick together. Short-
grain varieties are usually more cohesive and firm than 
long-grain varieties. Medium-grain varieties generally have 
intermediate features. Nevertheless, those cooking and 
processing characteristics actually happen due to inherent 
differences in chemical properties of the starchy endosperm 
(Cruz and Khush 2000; Oko et al. 2012) rather than 
because of the grain shape.  

In conclusion, there were several potential yield-related 
characters in upland rice cultivars originated from East and 
North Kalimantan, i.e. high productive tillers number, large 
panicle size and structure, and large preference of grain 
characteristics. Some of the upland rice cultivars carrying 
the desired yield-related traits could be further used in rice 
breeding programs for developing new superior varieties of 
upland rice with high yield potentials. 

 
 

Table 5. Length of panicle of upland rice cultivars originated 
from East and North Kalimantan, Indonesia  
 
Panicle length Frequency Percentage 
10-15 1 0.68 
16-20 12 8.22 
21-25 56 38.36 
26-30 62 42.47 
31-35 12 8.22 
36-40 1 0.68 
41-45 1 0.68 
 
 
 

 
 
Figure 4. Panicle length distribution of upland rice population in 
East and North Kalimantan, Indonesia  
 
 
Table 6. Cultivars possessing a dense panicle secondary branches 

 
Cultivar Origin/District Type of rice 
Mayas Pancing Kutai Kartanegara Non-glutinous 
Mayas Kuning Kutai Barat Non-glutinous 
Mayas Sereh Kutai Barat Non-glutinous 
Arum Kutai Barat Non-glutinous
Baqu’ Kutai Barat Non-glutinous
Telion Paser Non-glutinous
Ketan Tangkai Ngeno Paser Glutinous 
Geragai Paser Non-glutinous
Sungkai Penajam Paser Utara Non-glutinous
Sereh Penajam Paser Utara Non-glutinous
Dupa Penajam Paser Utara Non-glutinous
 
 
Table 7. Grain characteristic of upland rice originated from East 
and North Kalimantan, Indonesia  
 

Grain characteristic Min. Max. Mean SD 
Grain weight (gram)* 0.13 0.47 0.25 0.06 
Grain length (mm) 6.82 10.93 8.57 0.78 
Grain width (culm) 1.60 3.80 2.58 0.38 
Grain length/width  2.13 5.81 3.40 0.61 
Note: *Weight of 10 seeds 
 
 
Table 8. Grain shape characters of upland rice originated from 
East and North Kalimantan, Indonesia 
 
Grain shape 
 (length/width) 

FAO scale 
(mm) Frequency Percentage 

Slender (long) Over 3 110 75.34 
Bold  2.0-3.0 36 24.66 
Round (short) Less than 2.0 0 0 
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Figure 5. Grain characteristic traits distribution in East and North Kalimantan, Indonesia local upland rice population 
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Abstract. Younesi S, Assadi M, Nejadsattari T, Mehregan I. 2017. Morphology and assessment of genetic structure and diversity of 
Dionysia revoluta (Primulaceae) in Iran. Biodiversitas 18: 1173-1178. Dionysia revoluta Boiss. (Primulaceae), the most widespread 
species of the genus in Zagros Mountains of western Iran, is studied morphologically and genetically. Clustering analysis of 
morphological characters did not match the biogeography of the populations. Cluster analysis separated two subspieces of D. revoluta 
i.e. subsp. revoluta and subsp. canescens (Boiss.) Wendelbo. Factor analysis (FA) showed that petal size and length of the corolla tube 
were the only two factors with the slightest variation. Amplified Fragment Length Polymorphism (AFLP) fingerprint technique was 
used to evaluate the genetic structure and diversity among 14 populations of D. revoluta. The results of AFLP analysis of D. revoluta 
individuals showed that 67% of the total diversity was that of within-population diversity, 17% was among-population diversity and 
16% was among-region diversity. AFLP data suggest that amount of genetic variation of populations growing in localities with other 
Dionysia species in sympatry is higher than those populations growing allopatric. This implies the hybridization as a possible important 
factor in the evolution of the group. It was also concluded that hybridization would result in higher genetic diversity within those 
populations of D. revulota occur with other species in sympatry. 

Keywords: AFLP, biogeography, genetic structure, Iran, Primulaceae 

INTRODUCTION 

The genus Dionysia Fenzl., one of the larger genera of 
Primulaceae Batsch ex Borkh., has more than 50 species 
with a concentration in the Zagros Mountains of Iran 
(Lidén 2007; Younesi et al. 2015). The generic name 
"Dionysia" was first applied to the material collected from 
Kurdistan (N Zagros, Lidén 2007). Later on, the number of 
known species of the genus raised dramatically (see 
Wendelbo 1961, Lidén 2007 and Borjian et al. 2014). 
Dionysia is well known for its narrow endemic species 
distributed mainly in allopatry (Wendelbo 1961, Lidén 
2007). So far, different phylogenetic schemes are presented 
for the genus (Melchior 1943, Wendelbo 1961, Mast et al. 
2001 and Trift et al. 2004). As most recent, Thrift et al. 
(2004) illustrated the phylogenetic relationships in 
Dionysia, using Parsimony, Jackknifing and Bayesian 
inference of nuclear DNA sequences (internal transcribed 
spacer, ITS) and two chloroplast regions (rps16 intron and 
trnL-trnF). Their phylogeny showed a biogeographical 
rather than a taxonomic pattern and despite major grouping 
of the species, the relationships between species in each 
group belonging to adjacent areas remained unclear (Thrift 
et al. 2004). 

Dionysia species are suffrutescent herbs in the form of 
loose tufts or dense cushions, scattered mainly in crevices 
of rocks and cliffs (Wendelbo 1961, Lidén 2007). Most of 
the species have limited distribution with distinct and 
narrow ecological needs. Dionysia revoluta Boiss. is the 
most common and widespread species in the Zagros 

Mountains. It is characterized by lush cushions, 5-10 mm 
long and 0.5-2.5 mm wide leaves, which have strongly 
revolute margins. Leaves are densely glandular with 5-8 
crenations. The species has two subspecies. Leaves of D. 
revoluta subsp. revoluta are green, 4-7.5 mm long and 0.6-
2.5 mm wide, and covered with short hairs and glands. 
Leaves of D. subsp. canescens (Boiss.) Wendelbo are gray, 
5-10 long and 0.5-1 mm wide, and covered with dense long 
hairs (Jamzad 1996). Both subspecies have sessile flowers, 
1-2 per inflorescence, and linear bracts. Due to the wide 
distribution of this species and its fairly large ecological 
amplitude, Lidén (2007) suggested that different 
populations may show genetic diversity. 

 Since evolutionary processes, such as natural selection, 
adaptation, and genetic drift depend on a species' 
population structure, knowing a species' population 
structure is highly necessary for an understanding of 
evolutionary processes (Meirmans 2012). Genetic variation 
within a species supply the basis for any evolutionary 
change and is, therefore, the most fundamental level of 
biodiversity (May 1994). It has also been shown to be 
important for the fitness of individuals as high levels of 
heterozygosity may increase the fitness of individuals 
(Chapman et al. 2009). It is an important factor for survival 
of populations facing environmental changes. The first and 
an important step in managing species are to collect 
information on inter- and intra-populational variations 
(Abdemishani and Shah Nejad Bushehri 1998).  

Different methods of molecular fingerprinting 
techniques are used to assess the genetic diversity, most of 
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them use polymerase chain reaction (PCR) for detection of 
fragments. Some methods are based on the amplification of 
random genomic DNA fragments generated by arbitrarily 
selected PCR primers (Vos et al. 1995). In comparison with 
other genotype finger-printing (such as random amplified 
polymorphic DNA (RAPD), DNA amplification 
fingerprinting (DAF), arbitrarily primed PCR  (AP-PCR), 
pulse field gel electrophoresis (PFGE), restriction fragment 
length polymorphism (RFLP) and amplified ribosomal 
DNA restriction analysis (ARDRA)), Amplified Fragment 
Length Polymorphism (AFLP) is suggested to be most 
informative (Jones et al. 1997, Vaneechutte 1996). It is a 
method with high repeatability, and often able to show 
patterns below the species level. AFLP can also be used to 
assess gene flow, gene distribution and outcrossing, and 
hybridization (Vos et al. 1995, Winfield et al. 1998, Arens 
et al. 1998, Beismann et al. 1997). 

In this study, we aimed to evaluate the genetic structure 
and relationships within and between populations of D. 
revoluta growing wild in W Iran using AFLP fingerprinting 
technique.   

MATERIALS AND METHODS 

Plant materials 
Dionysia revoluta in Iran is represented by its two 

subspecies i.e. subsp. revoluta and subsp. canescens. Our  

study included samples from both subspecies. Fresh 
samples were collected from the Zagros Mountain range in 
provinces "Isfahan" and "Chaharmahal va Bakhtiari" 
during April 2014. Fresh leaves of five individuals from 
each population, with at least 20 m distant from each other, 
were collected, and immediately dried in Silica Gel (Chase 
and Hill 1991). Vouchers were deposited at the herbarium 
of Islamic Azad University, Science and Research Branch, 
Tehran, Iran (IAUH) (Table 1). 

DNA extractions 
Total DNA was extracted from silica gel dried leaves of 

65 individuals following a modified CTAB protocol of 
Doyle and Doyle (1990) using NucleoSpin® Plant II Kit 
(Machery-Nagel, Dueren, Germany) after manufacturer′s 
protocol. The quality of extracted DNA was checked on a 1 
% agarose gel and spectrophotometry.  

AFLP 
AFLP was performed according to Vos et al. (1995) 

and Scalone et Albach (2012) with some modifications; ca. 
500 ng of total genomic DNA was digested by 5 unit 
EcoRI (Thermo Scientific, Waltham, USA) and 1 unit MseI 
(Thermo Scientific, Waltham, USA) restriction enzymes 
and simultaneously ligated to 0.5 μL 5 pmol EcoRI (5’-
CTC GTA GAC TGC GTA CC-3’; 5’-AAT TGG TAC 
GCA GTC TAC-3’; Metabion, Martinsried, Germany) and 
0.5 μL 50 pmol MseI (5’-GAC GAT GAG TCC TGA G-3’; 

 
 
 

 
Table 1. Sampling localities of Dionysia revoluta populations examined and analyzed in this study (Herbarium acronym after Thiers, 
2017). All material is collected by S. Younesi 
 
Pop. 
no. 

Pop. 
code Location Alt. (m) Longitude Latitude Herbarium no. Species in sympatry 

1 
 

PLK Iran: Bakhtiari, Semirom-Yasoudj road, 5 km 
after Pol-e Gharah, Dashtak, Pol-e Kataa 

1610 51̊ 14.922 31̊ 11.479 14460 (IAUH) D. bryoides 

2 GRD Iran: Bakhtiari, 5 km from Gooshaki towards 
Gandomaan, Gerdebishe 

1890 51̊ 12.397 31̊ 34.806 14463 (IAUH) D. ceaspitosa,  
D. zagrica 

3 
 

MLK Iran: Bakhtiari, Semirom-Yasoudj road, 10 km 
before Malkhalifeh 

1950 51̊ 19.528 31̊ 12.714 14464 (IAUH) - 

4 
 

MLL Iran: Bakhtiari, Semirom-Yasoudj road, 15 km 
before Malkhalifeh 

2180 51̊ 18.753 31̊ 12.913 14465 (IAUH) - 

5 KHF Iran: Esfahan, Khafr 2250 51 ̊ 28.255 31̊ 0.011 14466 (IAUH) D. bryoides 
6 KHA Iran: Esfahan, Khafr, Abshaar 2340 51̊ 27.107 30̊ 9.981 14467 (IAUH) - 
7 TNL Iran: Bakhtiari, Zardkouh, Lordegaan, Ardal 

tunnel 
1820 50º39.468 32 ̊ 3.333 14473 (IAUH) - 

8 TCH Iran: Bakhtiari, Lordegaan, Kouh-e Rig, opposite 
to the village Tchamanbid 

2260 51̊ 0.368 31̊ 23.16 14477 (IAUH) D. zagrica,  
D. bryoides 

9 CHR Iran: Bakhtiari, Lordegan, Monj, Baadaamestaan, 
mt. Chahaartagh 

2130 50̊ 36.08 31̊ 29.992 14480 (IAUH) - 

10 GHR Iran: Bakhtiari, Lordegaan, Ghorogh-e Kohyaan 2140 50̊ 33.08 31̊ 15.672 14481 (IAUH) D. bryoides,  
D. zagrica,  
D. ceaspitosa 

11 SHR Iran: Bakhtiari, Boroudjen, Saraastaaneh, Kaleh-
Gandomaan, Shouraab 

2350 51̊ 5.24 31̊ 45.96 14486 (IAUH) - 

12 KHN Iran: Bakhtiari, Lordegaan, between Tchelehgaah 
and Kohyaan 

2130 50̊ 36.09 31̊ 29.99 14487 (IAUH) - 

13 BST Iran: Bakhriari, Lordegaan, Behesht-Abaad 1680 50̊ 37.79 32̊ 1.83 14492 (IAUH) different sub-species 
of D. revoluta 

14 DNO Iran: Bakhriari, Boroujen, Sarastaneh 2350 51 ̊5.24 31̊ 45.96 14486 (IAUH) - 
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5’-TAC TCA GGA CTC AT-3’; Metabion, Martinsried, 
Germany) adapters by 0.004 μL T4 DNA ligase 
(10WU/μL, Thermo Scientific, Waltham, USA) for 3 h at 
37° C. The reaction tube also contained 1 μL T4 DNA 
ligase buffer (Thermo Scientific, Waltham, USA), 1 μL 0.5 
M NaCl, 0.25 μL 2mg/ml BSA (Bovine Serum Albumin, 
Thermo Scientific, Waltham, USA), and 1.4 μL ddH2O. A 
Labcycler® Thermocycler (Sensoquest, Göttingen, 
Germany) was used for performing pre-selective and 
selective amplifications with PCR protocols following Vos 
et al. (1995) including 2 min initial denaturation at 72° C, 
20 cycles of 20 sec denaturation at 94° C, 30 sec annealing 
at 56° C, 2 min extension at 72° C, and a 30 min final 
extension at 60° C. Pre-selective amplification contained 
6.5 μL PCR-mix (Ampliqon, Odense, Denmark; including 
2× PCR buffer, 2 mmol MgCl2, 1% Tween 20, 0.2 mmol 
dNTPs), 0.125 μL 10 pmol primer E01 (5’-GAC TGC 
GTA CCA ATT CA-3’), 0.125 μL 10 pmol primer M02 
(5’-GAT GAG TCC TGA GTA AC-3’), 3.25 μL ddH2O 
and 3 μL 3-fold ddH2O-diluted product of the digestion-
ligation reaction. 

The PCR program for selective amplification followed 
Westberg and Kadereit (2014). Selective amplification 
contained 7.5 μL PCR-mix (Ampliqon, Odense, Denmark; 
including 2× PCR buffer, 2 mmol MgCl2, 1% Tween 20, 
0.2 mmol dNTPs), 0.18 μL 10 pmol florescent-labeled 
selective E primer E01, 0.25 μL 10 pmol selective M 
primer, 2.07 μL ddH2O and 5 μL 10-fold ddH2O-diluted 
product of the pre-selective PCR. Four primers (Biolegio, 
Nijmegen, Netherlands) combinations were used for the 
selective PCR. These are: E-38 (5’HEX- GAC TGC GTA 
CCA ATT CAC T-3’) and M-57 (5’- GAT GAG TCC 
TGA GTA ACG G-3’); E-45 (5’FAM-GAC TGC GTA 
CCA ATT CAT G-3’) and M-54 (5’-GAT GAG TCC TGA 
GTA ACCT-3’); E-40 (5’NED-GAC TGC GTA CCA ATT 
CAGC-3’) and M-55 (5’-GAT GAG TCC TGA GTA 
ACGA-3’); E-31 (5’PET-GAC TGC GTA CCA ATT CAA 
A-3’) and M-59 (5’-GAT GAG TCC TGA GTA ACT A-
3’). Applied Biosystems standard dye set D-33 was used 
for the genotyping. PCR products were then pooled 
equally. 2 μL of equally combined PCR products for each 
sample was run with 7.75 μL of HiDi formamide and 0.25 
μL internal size standard Gene Scan ROX on an ABI-
Hitachi 3730 automated capillary DNA analyzer. 

Software package GeneMarker 2.4.1 (SoftGenetics, 
State College, PA, USA) was used to analyze and score 
fragments. Fragments in a readable region of bands from 
60 to 500 bp in length were scored as present (1) or absent 
(0). The mismatch error rate was calculated based on six 
supplementary re-extracted samples.  

Software package Structure 2.3.4 (Pritchard et al. 2000) 
was used to investigate the Bayesian estimation of genetic 
structure. The first step was to calculate the likelihood of 
the data for a range of K=1 to K=9 values by creating 
posterior probabilities of K (true number of clusters; 
Porras-Hurtado et al. 2013). In order to estimate the 
number of genetically homogeneous groups of individuals, 
we implanted a Bayesian algorithm in the software 
STRUCTURE first described by Evanno et al. (2005). We 

repeated the process 20 times with 60,000 iterations and 
burned the first 10,000 iterations.  

The genetic diversity and AMOVA (Analysis of 
Molecular Variance; Li, 1976, Meirmans, 2012) test for 
individuals, populations, and regions were performed using 
GenAlEX 6.5 package embedded in Microsoft Excel 
software.   

Morphometrical analysis 
Plant material from both subspecies D. revoluta subsp. 

revoluta and subsp. canescens were examined under a 
binocular. Measurements were made for 16 quantitative 
characteristics. Those were vegetative and reproductive 
characters including 1. Length of Internode; 2. Leaf length; 
3. Leaf width; 4. Number of teeth on each leaf; 5. Bract 
length; 6. Bract width; 7. Calyx length; 8. Calyx width; 9. 
Petal length; 10. Petal width; 11. Anther length; 12. Style 
length; 13. Ovary diameter; 14. Number of seeds in ovary; 
15. Number of pollens in each anther; 16. Tube length.  

SPSS v. 18 (IBM) software package was used to 
perform multivariate analyses. Hierarchical cluster analysis 
of morphological data was performed with the ward 
method using squared Euclidean distance after 
standardization of measurements to 0-1 range.  

Factor analysis was performed to reduce the dimensions 
and identify the source of changes. Principal Component 
Axes (PCA) analysis was performed with Varimax rotation 
to obtain eigenvalues greater than 1.   

RESULTS AND DISCUSSION 

AFLP analyses included 65 individuals from 17 
populations of 14 regions (Table 1). Fragment analyses of 
the selective PCR products yielded 101 bands in a readable 
region of 60 to 500 bp in length. Table 2 shows the results 
of AMOVA test. According to the AMOVA, out of total 
diversity, 67% belonged to within-population diversity, 
17% of among-population diversity and 16% to among-
region diversity (Figure 1). As seen in Figure 1, within-
population diversity is significantly high. Using the method 
of Evanno et al. (2005) based on an ad hoc statistic DeltaK 
between successive K=1 to K=9 values, STRUCTURE 
software package detects the uppermost hierarchical level 
of structure for K=2 (Table 3). Then, we run STRUCTURE 
with 1,200,000 iterations and burned the first 500,000 
iterations. Genetic structure of individuals and populations 
are shown in Figure 2 with different clusters shown by 
different colors. Some populations show alleles mainly 
belonging to one cluster (TNL, DNO, SHR, CHR, KHM, 
TCH, MLL and MLK). Those populations grow with no 
other Dionysia species in sympatry (exp. TCH; Table 1). 
Other six populations (BST, GRD, GHR, PLK, KHF and 
KHA) consist of individuals with alleles from two different 
clusters. These six populations plus population TCH grow 
with other Dionysia species in sympatry or with obvious 
morphological variation (Table 1). In localities where 
Dionysia species are sympatric, we observed specimens 
with obvious intermediate forms, especially in floral parts. 
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Flowers of all Dionysia species (except for Dionysia 
involucrata and D. teucrioides) are known to be 
heterostylous (Trift et al. 2004), and it enhances the chance 
of hybridization. Dionysia revoluta has flowers with yellow 
corollas, while those of D. bryoides have purple corollas 
(Wendelbo 1961; Lidén 2007). We observed flowers with 
mixed colored corollas in the areas with both two species in 
sympathry, same as phenomenon described by Lidén 
(2007). These highly support the possibility that 
introgression may have contributed to genetic and 
morphological variation and occurrence of hybrids between 
D. revoluta, D. bryoides and other species (Figure 2, Table 
1).  

The results of the morphometrical analysis showed that 
populations of two subspecies have similarities and 
differences based on the studied characteristics. Significant 
differences in flower morphology of all samples were 
observed in the factor analysis of 16 qualitative 
characteristics. Separation of D. revoluta into two 
subspecies is mainly based on the leave morphology 
(Wendelbo 1961; Jamzad 1996). Despite this, our results 
showed that petal length and width and tube length showed 
the greatest impact and slightest changes in the separation 
of populations (Table 4). It means that floral morphology 
has more advantage than leaf morphology in classification 
of the genus Dionysia. 

 
 
Figure 1. Result of AMOVA test showing the percentage of 
molecular diversity in D. revoluta (within-population, among 
populations, and among regions)  

 
 

Table 2. Results of Analysis of Molecular Variance (AMOVA) to 
calculate the molecular variation of the populations of D. revolute 
 
Source Df SS MS Est. 

Var. 
% 

Between 
regions 

3 135.624 45.208 1.987 16 

Between 
populations 

9 171.513 19.057 2.169 17 

Within 
populations 

50 427.498 8.550 8.550 67 

Total 62 734.635  12.706 100 
 

 
 

 
 

 
 

 
Figure 2. Genetic structure of individuals and populations of D. revoluta with K set to 2. 
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Table 3. Calculation of Delta K to determine the true number of clusters in populations of D. revoluta (method after Evanno et al. 2005) 
 

Number of K Ln (K) Number of 
repetitions 

St-Dev. [Ln 
(K)] L' (K) L" (K) L"/ St-Dev. 

[Ln (K)] [Delta K] 

1 -2445.4 20 0.14     
2 -1998.378 20 0.57 447.02 447.02 -787.98 787.98 
3 -1820.32 20 0.76 178.06 -268.96 -355.58 355.58 
4 -1803.675 20 5.63 16.65 -161.41 -28.67 28.67 
5 -1747.9 20 5.45 55.78 39.13 7.18 7.18 
6 -1724.15 20 18.74 23.75 -32.03 7.17 7.17 
7 -1696.495 20 10.27 27.66 3.91 0.38 0.38 
8 -1785.545 20 17.62 -89.05 -116.71 -6.62 6.62 
9 -1793.357 20 28.04 -7.81 81.24 2.90 2.90 
 

 
 
Table 4. Factor analysis of the characteristics of the species D. revoluta subsp. revoluta and D. revoluta subsp. canescens Boiss 
 

Rotated Component Matrixa Component 
1 2 3 4 5 6 

The length of Internode  -.312 .169 .068 .119 .522 -.176 
Leaf length -.128 .861 .113 -.049 -.084 .058 
Leaf width. .100 .771 -.081 .148 .040 .084 
The number of teeth on each leaf -.128 .069 .122 .143 -.755 -.014 
Bract length .315 .230 .512 .020 -.008 .356 
Bract width .116 -.012 .090 .244 -.014 .740 
Calyx length .165 .028 .788 -.051 -.069 .129 
Calyx width -.081 -.020 .774 .076 .134 -.192 
Petal length .818 .098 .235 .111 -.030 .094 
Petal width .779 -.081 .009 .147 -.005 -.015 
Anther length .427 .517 .227 .090 .327 -.043 
Style length .025 -.002 .136 -.058 .646 .278 
Ovary diameter -.056 .116 -.065 -.163 .136 .724 
The number of seeds in each ovary -.118 .043 .088 .794 -.156 -.048 
The number of pollen in each anther .204 .089 -.066 .806 .047 .100 
Tube lentgth .732 .055 -.012 -.152 .025 .030 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 

      

Rotation converged in 6 iterations.       
 
 
 

 
 
Figure 3. Dendrogram obtained from clustering analysis of 16 
morphological characters of different populations of D. revoluta 
using Ward Linkage method. 

In the clustering analysis, populations were grouped 
into two main clusters at phenon line 25 (clusters I and II; 
Figure 3). Cluster I was then divided into two sub-clusters 
at phenon line 14 (Ia and Ib). Grouping based on the 
morphological characters was clear with sub-cluster Ia 
composed of populations of D. revoluta subsp. revoluta, 
cluster II composed of D. subsp. canescens populations, 
and subcluster Ib composed of populations with 
intermediate morphology (Figure 3). In contrast to most of 
Dionysia species having limited distribution with distinct 
and narrow ecological needs (Lidén 2007), D. revoluta is 
the most widespread species in the Zagros Mountains. 
Dionysia species normally grow on poor limestone rocks 
and D. revoluta is the only species that also grow on the 
rich soils. Our samples are collected from the localities 
with a relatively wide range of ecological conditions. It is 
plausible that the morphological diversity in D. revoluta 
could be related to the phenotypic plasticity, which often 
makes a strong contribution to phenotypic trends associated 
with contemporary climate change (Merila and Hendry 
2014; Franks et al. 2014).  



 B IODIVERSITAS 18 (3): 1173-1178, July 2017 

 

1178 

Results of clustering analysis are not congruent with 
results of AFLP.  Despite the morphological differences 
between the sections and subsections of the genus in 
current taxonomies, Trift et al. (2004) found no section and 
subsection with more than one species of Dionysia to be 
monophyletic. Instead, they found that species often belong 
to clades corresponding to geographical proximity. 
Regarding that fact, and also the higher rate of within-
population diversity observed in D. revoluta populations 
(67%) in our survey, it is highly plausible that sympatric 
species can easily do genetic exchanges. This implies the 
hybridization as a possible important factor in the evolution 
of the species. 

In conclusion, Dionysia revoluta, the widespread 
species of its genus, is morphologically and genetically 
variable. The genetic variation is however not completely 
congruent with neither geography nor morphology. It is 
suggested that the morphological diversity in D. revoluta 
could be related to the phenotypic plasticity. Despite the 
fact that the adaptation to diverse conditions during the 
time causes the physical and behavioral changes and cause 
gradual changes in different characters, the relative 
frequency of alleles in populations of D. revoluta is highly 
affected by the occurrence of other species in sympatry. 
Regarding the morphological and molecular evidence 
presented before, it can be concluded that hybridization 
would result in high genetic diversity within populations of 
D. revulota. 
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Abstract. Zainudin IM, Patria MP, Rahardjo P, Yasman, Gautama DA, Prawira WT. 2017. Bycatch of sharks, marine mammals and 
seabirds in Indonesian Tuna Longline Fishery. Biodiversitas 18: 1179-1189. Bycatch in longline fishery is recorded to be one of the 
major factors defining the declined populations of endangered marine species worldwide. This research aimed to identify bycatch level 
of sharks, marine mammals and seabirds as well as to pinpoint the mitigation options in Indonesian tuna longline fishery. In this study, a 
total of 8,564,858 hooks were observed from 5,622 gear settings in Indonesian tuna longline fishery based in two major fishing ports, 
namely Bitung Fishing Port-North Sulawesi and Benoa Port-Bali from May 2006 to June 2014. The results suggest that the best hook 
rate per thousand hooks in Indonesian tuna longline fisheries for shark bycatch was 0.2446, followed by 0.0030 for seabird bycatch, 
0.0021 for dolphin bycatch and 0.0009 for whale bycatch. Seabirds largely acquired in the dead condition while the other species were 
found still alive (sharks and marine mammals). Bycatch of seabirds only occured in the vessels based in Benoa Bali, and the correlation 
value (R2) of sharks and seabirds caught at night time was low while for marine mammals was very strong. Deep setting system of 
fishing gears and night setting also proved to be more effective to reduce bycatch of those critical marine species. 

Keywords: bycatch, hook rate, Indonesia, tuna longline, mitigation effort 

INTRODUCTION 

Bycatch can always be found in every fishing activity 
and becomes one of the largest and most extensive threats 
to the marine environment (WWF 2004). Of those bycatch 
threats, many parties has a main concern to the marine 
species, especially those that have critical roles in the 
ecosystem and also have a long life cycle such as seabirds, 
marine mammals, elasmobranchs (e.g. sharks and rays) and 
sea turtles. When the mortality level of those species is 
high, their population is endangered because the 
sustainable condition of their life cycle is very vulnerable 
(Lewison et al. 2004; Heppel et al. 2005 in Read 2007; 
Stobutzki 2006). 

The mortality rate of sharks caused by incidental catch 
(bycatch) is considerably high, so the shark population is in 
dangerous condition (Camhi et al. 1998; Mandelman et al. 
2008). In addition, around 50 million sharks die every year 
because of bycatch using unregulated fishing gears such as 
longline, gillnet and trawl. Offshore swordfish fisheries in 
Taiwan, Japan and Spain regularly catch sharks in large 
number using bycatch which then practices shark finning 
(IUCN-SSC 2001). Nineteen shark species are exploited 
using bycatch in 17 Canadian waters which most of them 
using longline as one of types of fishing gears (Joyce 
1999). Meanwhile, in Indonesia, majority of shark fishery 
products are mostly using bycatch (72%), and only 28% 
using a specific catching tools to get the main target 
(Zainudin 2011). 

In the case of seabirds, longline is believed to be the 
main factor causing the failure of conservation efforts for 
various types of seabirds (Anderson et al. 2011). Recently, 
many global initiatives had been campaigned to reduce the 
bycatch level of seabirds in longline fishery. This also 
becomes the main concern of many NGOs, government 
institutions and international or regional organizations 
(Brothers et al. 1999). The population of 40 seabird species 
especially from albatross and petrel family decreased 
almost 50% because of sheer level of bycatch (Brothers et 
al. 1999; Cooper et al. 2001). Around 14,000 seabirds were 
incidentally captured in longline fishery, Alaska from 1993 
to 1997. The annual bycatch rate was reported around 
0.090 seabirds per 1,000 hooks in Bering Sea/Alutian 
Islands-BSAI (Stehn 2001). Jimenez and Domingo (2009) 
also reported that the world highest bycatch level of 
seabirds was found in Uruguayan pelagic longline fishery 
operating in Atlantic region. The average bycatch level was 
0.42 seabird per one thousand hooks (from 1998-2004). 
Furthermore, it was stated that the bycatch rate interval 
varied with the peak season started from May to November 
with 2.50 seabirds per 1,000 hooks, and during the lean 
season it would be achieved around 0.04 seabirds per 1,000 
hooks. It is globally estimated that around 160,000 seabirds 
perish every year. It is predicted that those number will 
increase to more than 320,000 seabirds because of 
incidental catch activities in global longline fisheries 
(Anderson et al. 2011).  
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Besides the bycatch issues of sharks, seabirds and sea 
turtles, the bycatch issues of dolphin as one of biggest 
cetacean groups in the spot of tuna fishery, now, becomes a 
high concern issue worldwide (Cullet et al. 1996). In 
addition, the interactions between fisheries and cetaceans in 
the longline fishery have drawn attention from many 
parties in terms of socio-economic and ecological aspects 
(Gilman et al. 2006). Of these reasons, bycatch could still 
be the biggest threat to the sustainability of world’s 
cetacean population (Reeves 2005; Read et al. 2006). For 
example, Forney and Kobayashi (2007) reported that from 
1994 to 2005, 67 cetaceans has been incidentally captured 
from 24,542 number of observed gear settings in Hawaii 
longline fishery where 7 of them died and 60 cetaceans 
were injured due to they were getting hooked or entangled. 
In the southwest of Indian Ocean, cetacean bycatch in 
longline fishery for targeting tuna and swordfish was then 
limited to the oceanic species, especially pilot whale 
(Kizka et al. 2009). In addition, Gilman et al. (2006) stated 
that the interactions with fisheries could lead to behavior 
change of cetaceans in terms of forage for food and 
distribution patterns.  

The objectives of the study were to analyze 
characteristic interactions between bycatch of marine 
species including sharks, marine mammals, and seabirds; 
and tuna longline gears operated in Indonesian waters, and 
also to evaluate and recommend better mitigation options 
of shark, marine mammal and seabird bycatch in 
Indonesian tuna longline fishery. Characteristic interactions 
between marine species and tuna longline gear will be 
focused on bycatch hotspots, hook rates, marine species 
which were incidentally captured and other factors that also 

contribute to the increased level of marine species bycatch 
in tuna longline fishery.  

 

MATERIALS AND METHODS 

The research was conducted in the tuna longline fleets 
operating in territorial and Exclusive Economic Zone 
(EEZ) waters-Indonesia, which were focused in two main 
fishing ports Benoa, Bali and Bitung, North Sulawesi, 
Indonesia. Tuna longline fleets located in Benoa-Bali were 
chosen as sample of fishing vessels operating in Indian 
Ocean and Indonesian archipelagic waters (Banda, Flores 
and Maluku), and the vessels based in Bitung-North 
Sulawesi had fishing ground, which was spread all over 
Pacific Ocean. The map of research locations could be seen 
in Figure 1. 

The data of this study was collected from May 2006 to 
June 2014 as part of the continuation of WWF monitoring 
activities and onboard observation program in Indonesia 
tuna longline fishery. Primary data was collected directly 
by independent onboard observers at tuna longline fleets 
located in Benoa Port-Bali and Bitung Port-North 
Sulawesi. The independent observers performed direct 
observation onboard during fishing trips. They also 
collected data that comprised many parameters such as boat 
and gear specification, the depth of gear setting, bait used, 
setting and hauling location, each bycatch species and its 
measurements, hook positions, conditions of the species 
while being captured and after release, capture time, and so 
forth. 

 
 
 

 
 

Figure 1. Map of research locations in Benoa, Bali ( ) and Bitung, North Sulawesi ( ), Indonesia (two main ports where tuna fishing 
vessels observed were based) 
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The intensity of shark, marine mammals and seabird 

bycatch was analyzed using the hook rate calculation by 
following the equation adapted from formulation proposed 
by Nasution (1993), based on catched fish in every 100 
hook traps that had been adjusted into every 1,000 hook 
traps for bycatch species. Since the research object was 
bycatch species and the equation was actually created to 
calculate target species; therefore, for this analysis the 
target species was replaced by bycatch species (sharks, 
marine mammals and seabirds). The analysis would be 
focused only on hook rates of bycatch species by excluding 
detached hooks or escaped-bycatch species from the 
fishing gear. 

 
The equation is:  
 

 
 
Where:  
HR : hook rate of bycatch species per 1,000 hooks  
nf : number of hooks with bycatch species attached 

to them 
N : number of overall deployed hooks  
 
The catched species, especially sharks as one of seven 

species having the highest commercial value (for the fin) 
and the most utilized ones, were mainly observed. Some of 
those shark species were also protected by national and 
regional regulations. The seven shark species included blue 
shark (Prionace glauca), leafscale gulper shark/dogfish 
(Centrophorus squamosus), shortfin mako shark (Isurus 
oxyrinchus), tiger shark (Galeocerdo Cuvier), great 
hammerhead shark (Sphyrna mokarran), silky shark 
(Carcharhinus falciformis), and pelagic thresher shark 
(Alopias pelagicus). Due to limitations of available 
information, the species of seabirds, dolphins, and whales 
could not be identified, yet.  

ArcGIS 10 was used to identify bycatch hotspots and to 
detect potential bycatch hotspots in tuna longline fishery. 
An analysis of the correlation coefficient (R2) performed by 
using Microsoft Excel program to determine the correlation 
between the number and time of bycatch species being 
captured became the main focus of the study. The 
interpretation of the correlation coefficient used a 
categorization formula according Sugiyono (2006) that 
classified the relationship of correlation coefficient into 
five categories as follows: very low (R2 = 0.00 to 0.199), 
low (R2 = 0.20 to 0.399), moderate (R2 = 0, 40-.599), 
strong (R2 = 0.60 to 0.799) and very strong (R2 = 0.80 to 
1.000). 

Data collected by onboard observers as well as analysis 
results would provide comprehensive description of 
patterns and conditions of shark, marine mammal and 
seabird bycatch in Indonesia including the other 
information such as the intensity, hook rate, time, depth, 
and type of bait which is relevant to the increase of bycatch 
level, bycatch hotspots, and survival rate in the future. 

To develop recommendations and action strategies as 
options to find the best mitigation of bycatch sharks, 
marine mammals and seabirds in tuna longline fishery, 
information and research results as well as relevant 
literatures were classified in this study to offer solutions. 
The classifications were then analyzed by using simple 
statistical comparisons for quantitative information, and 
scrutinized further for the scientific rationale for the 
qualitative information. The best decision to mitigate 
bycatch in longline tuna fishery was concluded by 
comparing the results of this study with the conditions of 
eligibility and compliance of Indonesian tuna longline 
fishery. 

RESULTS AND DISCUSSION 

Results 
In this study, a total of 8,564,858 hooks were observed 

from 5,622 gear settings in Indonesian tuna longline 
fisheries (71 fishing vessels) located in two major ports, i.e 
Bitung Port in North Sulawesi and Benoa Port in Bali from 
May 2006 to June 2014 (Table 1). A total of 41 tuna 
longline vessels based in Benoa Port, Bali and 30 vessels 
based in Bitung Port, North Sulawesi involved in the study 
by conducting 203 fishing trips (1 trip lasted in 1-3 
months). The bait mostly used was sardines, and fishers 
also sometimes used scads and squids as bait. For particular 
periods (during full moon), fishers also used live bait of 
milkfish. The main target species of Indonesia tuna 
longliners included yellowfin tuna (Thunnus albacares), 
bigeye tuna (Thunnus obesus), southern bluefin tuna 
(Thunnus maccoyii) and albacore (Thunnus alalunga). 

Based on Figure 2, most of observed tuna longline 
vessels were operated in international waters (> 200 
nautical miles) besides in territorial waters and EEZ of 
Indonesia. Particularly vessels based in Port Benoa-Bali 
were mostly operated in international waters in the Indian 
Ocean region. Therefore, they were subject to the rules of 
the RFMOs-Regional Fisheries Management Organizations 
such as IOTC (Indian Ocean Tuna Commission), WCPFC 
(Western and Central Pacific Fisheries Commission) and 
CCSBT (Commission for the Conservation of Southern 
Bluefin tuna). All of these RFMOs had a policy for the 
management and ecological conservation related to species 
such as sea turtles, sharks, seabirds and marine mammals. 

During the study, 26 sea birds, 18 dolphins, 8 whales 
and 2,095 sharks were caught accidentally in tuna longline 
gears (Figure 4A and Figure 5A). See Figure 3 for the 
bycatch hotspots. Hook rate per thousand hooks in 
Indonesian tuna longline fisheries for whale bycatch was 
0.0009, followed by 0.0021 for dolphin bycatch, 0.0030 for 
seabird bycatch and 0.2446 for shark bycatch (Figure 4b 
and Figure 6). The number of seabird, dolphin and whale 
bycatch in Indonesian tuna longline fishery was lower than 
that in the United States, in line with the bycatch level of 
sharks that could also be considered lower than the average 
of global shark bycatch hook. 
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From the 7 shark species, the most species that 
incidentally captured in Indonesian longline tuna fishery 
was blue shark (643 sharks, with hook rate 0.0751), 
followed by silky shark (545 sharks, with hook rate 
0.0636), thresher shark (101 sharks, with hook rate 
0.0118), gulper shark (54 sharks, with hook rate 0.0063), 
hammerhead shark (25 sharks, with hook rate 0.0029), 
mako shark (10 sharks with hook rate 0.012) and then tiger 
shark (7 sharks, with hook rate 0.0008). 

Results also showed that tuna longline fleets located in 
Bitung Port had higher level of bycatch whales and sharks 
(hook rate for whale: 0.0011; and for sharks: 0.4793) 
compared to those in Benoa Port (hook rate for whales: 
0.0009; and for sharks: 0.1782) (Figure 4b and 6). This 
happened because of the different setting system of Tuna 
longline fleets located in Bitung Port and in Benoa Port. In 
Bitung Port, the setting system of hooks was deployed at 
the shallow water column (approximately <100 m). On the 
other hand, Tuna longline fleets based in Benoa Port used 
deep setting system by deploying hooks at the deep-water 
column (at the depths of 200-300 m). However, the bycatch 
level of another marine species such as seabirds and 
dolphins at tuna longliners based in Benoa Port was higher 
if compared to those in Bitung Port. 

 

Table 1.Vessel number, vessel weight, number of trip and 
duration, number of gear setting, number of hooks and deep 
setting of hook observed during the study (period covered 2006-
2014). 
 

Information Unit 
Amount (based on 
the fishing port) Total 

amount Benoa Bitung 
Vessel number 
 

vessel 41 30 71 

Vessel weight < 10 GT 0 0 0 
10-30 GT 27 13 40 
31-30 GT 4 6 10 
> 50 GT 

 
12 11 23 

Number of fishing 
trip 
 

Trip 130 73 203 

Duration of fishing 
trip 
 
 

< 1 Month 64 33 97 
1-3 Month 54 35 89 
> 3 Month 

 
12 5 17 

Setting number of 
fishing gear 
 

Times 4.173 1,449 5,622 

Number of hook 
 

Hooks 6,676,677 1,888,181 8,564,858

Deep setting of 
hook 

Meter 200-350 50-100 - 

 
 
 
 

 
 

 
 

Figure 2. Gear setting and hauling locations of Indonesian tuna longliners observed (period covered 2006-2014) 
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Figure 3. Bycatch hotspots for sharks, seabirds, dolphins and whales in tuna longline fishery (period covered 2006-2014) 
 
 

 
The sex ratio of sharks caught between female and male 

was 1: 0.91. Table 2 shows that 52.42% of captured sharks 
were females and the rest of 47.58% was males. Another 
caught-shark species, known as hammerhead shark, was 
mostly females (75%). The maturity rate of a shark bycatch 
obtained by measuring total fork length showed that 
98.19% of captured sharks were juveniles and sub-adults, 
and only 1.81% of them were adult (Table 2).  

Figure 7 shows that most of the sharks (73.3%) were 
trapped by hook in the mouth, and only few of them were 

stuck in the digestive system/swallowed (15 %), and the 
rest were attached outside of the body part or entangled. In 
terms of survival rate, sharks trapped by hook in their 
digestive system, inside their mouth, and entangled were 
mostly alive condition when they were captured, but sharks 
trapped by hook outside of their body parts were 
commonly dead (Table 3). Fins of all sharks were removed, 
so the observation of post released-condition could not be 
performed. 

 
 
 
 
 
Table 2. Percentage of sex and maturity shark bycatch in tuna longline fishery (period covered 2006-2014) 
 

Species 

Sex Maturity 
Female Male Adult Juvenile 

Individual Percentage 
(%) Individual Percentage 

(%) Individual Percentage 
(%) Individual Percentage 

(%) 
Blue shark 277 51.30 263 48.70 11 1.71 632 98.29 
Leafscale gulper shark  17 53.13 15 46.88 1 1.85 53 98.15 
Shortfin mako shark 4 50.00 4 50.00 1 10.00 9 90.00 
Tiger shark 4 57.14 3 42.86 0 0.00 7 100.00 
Hammerhead shark 18 75.00 6 25.00 3 12.00 22 88.00 
Silky shark 224 47.86 244 52.14 5 0.92 539 99.08 
Thresher shark 53 57.61 39 42.39 4 3.96 97 96.04 
Other species 357 55.01 292 44.99 0 0.00 0 0.00 
Total identified shark  954 52.42 866 47.58 25 1.81 1359 98.19 
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A B 
 
Figure 4. Bycatch level and hookrate of sharks at tuna longline fishing vessels based in Benoa and Bitung Port from 2006-2014. A. 
Number of observed shark bycach at tuna longline fishery (2006-2012), B. Hook rate of observed shark bycach at tuna longline fishery 
(2006-2012) 
 
 
 

 
 
 

 
 

A B 
 
Figure 5. Level and percentage of seabird, dolphin, and whale bycatch at tuna longline fleets based in Benoa and Bitung Port from 
2006-2014. A. The bycach number, B. The bycach percentage  
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Figure 6. Hook rate of seabird, dolphin and whale bycatch in tuna longline fishery (period covered: 2006-2014) 
 
 
 
 

 
 

    
 

Figure 7. Percentage of hook positions for shark, seabird, dolphin and whale bycatch at tuna longline vessels based in Benoa and Bitung 
Port (period covered 2006-2014) 
 
 
  
 
 

For seabird bycatch, 42.3% of seabirds were hooked in 
their digestive system, 34.8 % of them were trapped in the 
mouth, and 23.1 % of them were entangled (Figure 7). 
Most of the seabirds bycatch were dead because of hook 
trap (73%), especially when they got hooked in digestive 
system (81.8%) and mouth (88.9%). However, if they were 
still alive, all of them could be released back safely to the 
wild. All of the entangled seabirds (66.7%) were alive and 
released back safely to the wild (Table 4). 

Dolphins (72.2%) and whales (75%) were also mostly 
entangled in the outside of body parts, and the rest were 
hooked on the mouth (whale: 25.0% and dolphins: 27.8%). 
Most of them were still alive and released back safely to 
the sea. For dolphins, all of them were alive while getting 
caught and released back safely to the sea (100%). All 
whales (100%) were alive (either getting hooked in the 
mouth or outside body parts) and released back safely to 
the sea. However, most of the entangled whales (75%) 
were found dead (Table 4).  
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Table 4. Survival rate percentage of seabird, dolphin, and whale in relation to hook position during capture and release back to the sea 
(period covered 2006-2014) 
 

Hook position and total number of marine species  Condition of  
marine species 

Seabirds (%) Dolphin (%) Whale (%) 
Live Dead Live Dead Live Dead 

Hooked on the digestive system Captured 18.2 81.8 0 0 0 0 
Released *) 0 100 0 0 0 0 

Hooked on the mouth  Captured 11.1 88.9 100 0 100 0 
Released *) 100 0 100 0 100 0 

Hooked on the outside of the body part  Captured 0 0 60 40 100 0 
Released *) 0 0 100 0 100 0 

Entangled Captured 66.7 33.3 75 25 25 75 
Released *) 100 0 100 0 50 50 

Total number of marine species Captured 26.9 73.1 77.8 22.2 62.5 37.5 
Released *) 71.4 28.6 100 0 83.3 16.7 

Note: *) it is percentage of marine species condition when captured still alive only  
 
 
 

Table 3. Number and percentage of shark bycatch survival rate in 
relation to hook positions (period covered 2006-2014) 
 

Hook Position 
Live Dead 

Indi-
vidual 

Percent-
age (%) 

Indi-
vidual 

Percent-
age (%) 

Hooked on 
digestive system 

248 78.73 67 21.27 

Hooked on the 
mouth 

1266 82.42 270 17.58 

Hooked on the 
outside of the 
body part 

101 46.54 116 53.46 

Entangled 15 55.56 12 44.44 
Total shark 1630 77.80 465 22.20 
 
 
 
Table 5. Correlation between night fishing and the increase of 
bycatch level of whales, dolphins, seabirds and sharks (period 
covered: 2006-2014) 
 
Marine species R2 Interpretation* 
Seabirds 0.30769 Low 
Sharks 0.34961 Low 
Whales 0.80000 Very strong 
Dolphin 0.88235 Very strong 
Note: R2: Correlation value, * : interpretation of correlation value 
based on sugiyono (2006) 
 

 
Table 5 indicates that the relationship between the 

intensity of bycatch level at night time was low (R2 = 
0.3491 for sharks and R2 = 0.30769 for seabirds). 
Moreover, the relationship between the intensity of whale 
and dolphin bycatch level with night fishing was very 
strong (R2 = 0.88235 for whales and R2 = 0.80000 for 
dolphins).  

Discussion 
Shark, marine mammals and seabird bycatch number and 
species in Indonesia compared to other countries 

Based on hook rate of marine species bycatch including 
seabird (0.0030), dolphin (0.0021) and whale (0.0009) in 

Indonesian tuna longline fishery, bycatch level in Indonesia 
was lower than that in America. This was also seen in shark 
bycatch (0.2446) that tended to be lower than the average 
of global hook rate. The hook rate of shark bycatch from 
various fisheries ranged from 0.7 to 17 per 1,000 hooks 
(Gilman et al. 2007). It is estimated that hook rate average 
of shark bycatch in Pacific Ocean longline fishery was 
16.47, while Atlantic Ocean was 21.17 and the Indian 
Ocean was 4.33 (Kettemer 2012). Indonesia is one of the 
world largest shark producers (Lack and Sant 2006), and 
most of the shark products are generated form bycatch (72 
%), where only 28 % of sharks were captured as the main 
target species (Zainudin 2011). Furthermore Zainudin 
(2011) stated that gillnet and longline are the types of gears 
that greatly contribute to the sheer shark bycatch level 
compared to any other gear types. 

In 2000, the number of seabird bycatch (albatross) in 
Hawaii longline fishery reached up to around 2,300 
albatrosses; however, after the application of side-setting 
recommended by experts, the number of seabird bycatch in 
longline fishery plummeted to only 100 seabirds in 2016 
with hook rate ranging from 0.002 to 0.01 per 1.000 hooks 
(Rivera 2008). Regarding to cetacean bycatch, it was 
estimated that from 1999 to 2003, 132 pilot whales and 45 
risos dolphins were dead due to they were incidentally 
captured or badly injured in longline fishery in the east 
coast of the United States (Waring et al. 2006). Pilot 
whales (Globicephala spp.) and Risso's dolphins (Grampus 
griseus) are the main species which mostly had the 
interaction with longline gear (Garrison 2007).  

Of the seven shark species identified in this study 
(Figure 4), blue shark was the most shark species captured 
fleets in Indonesian tuna longline. This study was similar to 
Bromhead et al. (2012) who found that blue shark is the 
main bycatch species captured in tuna longline fishery in 
Mashall Island. This species was captured during night 
fishing, cold weather and full moon period where 
thermocline layer was closer to the surface waters (shallow 
mixed layer) and during El Nino conditions. Research in 
west Mediterranean Sea especially in swordfish longline 
also found that the main bycatch species is blue shark, 
followed by mako shark (De La Serna et al. 2002). In 
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Indonesian fisheries, there were five species of sharks that 
mostly being caught include blue shark (Prionace glauga), 
hammerhead sharks (Spyrna lewini), whitetip reef shark 
(Triaenodon obesus), grey reef shark (Carchahinus 
amblyrhynchos) and pelagic thresher shark (Alopias 
pelagicus) (Zainuddin 2011). 

Sex ratio and maturity rate of shark bycatch 
Based on data of sex ratio, most of sharks captured in 

Indonesian longline fishery were females; with the ratio of 
female to male was 1: 0.91. The sex ratio, which is not very 
far apart, indicates the healthy population of either female 
or male sharks. This result was consistent to other study 
conducted by De la Serna et al. (2002) who reported that 
the sex ratio of female and male of shark bycatch in 
swordfish longline fleets in the western Mediterranean Sea 
was 1:0.9. However, 95.7% of the sharks caught in 
Indonesian tuna longline fishery were juveniles and sub-
adults. The high pressure of juvenile shark population 
could disrupt the recovery process of whole shark 
population in the sea because the bycatch hotspots of 
captured juveniles sharks may be the nursery ground of 
shark. Therefore, the management of fishing operation 
must be regulated to ensure the sustainability of shark 
population. Marine bycatch mostly had a negative impact 
to the caught marine species which could be clearly seen 
from the increase of mortality rate of shark juveniles (Hall 
et al. 2000). 

Factors contributing to the increase of shark, marine 
mammal and seabird bycatch level on tuna longliners: the 
depth of gear setting and gear setting time 

Tuna longline fleets located in Bitung Port using 
shallow setting system had higher bycatch hook rate of 
whales and sharks compared to those in Benoa Port which 
used deep setting system (Figure 4b and 6). Several studies 
on the vertical pattern of shark movement suggest that 
oceanic Whitetip shark and silky shark are vulnerable to 
shallow setting gears, while blue sharks usually dive into 
the deep water during daytime and come to the surface at 
night. This makes blue sharks vulnerable to both shallow 
and deep setting systems. On the other hand, thresher 
sharks dive into shallow water during daytime. They are 
also very active at dusk, but they rarely come to the 
surface, thus thresher sharks are extremely susceptible to 
get captured by tuna longliners which use deep setting 
system (Boggs 1992; Nakano et al. 2003; Weng and Block 
2004; Bonfil et al. 2008; Musyl et al. 2011). Shallow 
setting in tuna longline fishery generally resulted in higher 
shark bycatch level compared to deep setting system 
(Gillman et al. 2007). Deep setting system, which mostly 
without the installation of branch lines at the depth less 
than 100 m has contributed to the reduction of shark and 
turtle bycatch numbers (Beverly et al. 2007). 

The number of seabird and dolphin bycatch was higher 
at tuna longline fleets based in Benoa Port compared to 
those in Bitung Port. Although all cetaceans have to come 
to the surface to breathe, some whales can dive deeper and 
stay in the water longer than other cetaceans. Dolphins 
often stay near water surface for around 15 to 20 minutes. 

Sperm whales can dive deeper up to 1,000 meters or more. 
After diving in, the whales recover their energy by resting 
near water surface (National Aquarium 2016). The 
behaviors of whales and dolphins make them to be 
vulnerable for being caught on longline gear. Whales are 
susceptible to get captured on both deep and shallow 
setting systems, while dolphins are more susceptible to get 
caught on shallow setting. 

In the case of sea birds, albatrosses and petrels along 
with other sea birds, they are interacting with fisheries 
when they are searching for food. They eat fish species 
used as bait or discarded by fisheries (Anderson et al. 
2011). The interaction between seabirds foraging pattern 
with the fishing fleets leads to the increase of mortality rate 
of seabirds due to bycatch, either by getting hooked or 
entangled (Brothers 1991). 

Based on Table 5 indicates that the relationship 
between the intensity of bycatch level at nighttime was 
low. Moreover, the relationship between the intensity of 
whale and dolphin bycatch level with night fishing is very 
strong. Based on those conditions, the reduction of soaking 
time during night fishing or performing night fishing could 
reduce bycatch of cetaceans (whales and dolphins). While 
the mitigation options for sharks would be greatly varied 
depending on the shark species. Night fishing will block 
visual capabilities of seabirds in chasing fish bait. This is 
also recommended by many parties to avoid the capture of 
seabirds in longline fishery (Brothers 1991; Gilman 2006). 
The catch average and vertical habitat of sharks also 
depend on the effects of daytime or night fishing (Gilman 
et al. 2008). In general, fishermen believe that the setting 
depth, bait and soaking time can contribute to the total 
shark catch rate (Gilman et al. 2007). 

Correlation between hook positions and survival rate of 
shark, marine mammal and seabird bycatch 

From the four hook positions, the most recurring 
conditions were as follows: sharks get hooked on the 
mouth, seabirds get hooked on the digestive organ, and 
most of the dolphins as well as whales get entangled or 
hooked on the outside body part (Figure 7). Survival rate 
percentage of each marine species could be concluded as 
follows: 77.8% of sharks were alive, 73% of seabirds were 
dead, 77.8% dolphins were alive and 62.5% of whales were 
alive (Table 3 and Table 4). 

The hook position while marine species get captures 
can determine their survival rate of the marine species 
(Ryder et al. 2006; Parga 2012). Hook position attached to 
the body parts of shark bycatch is associated with severe 
injury (Godin et al. 2012). Godin et al. (2012) further 
explained that sharks getting hooked on the mouth might 
get less severe injuries compared to those who are getting 
hooked on the internal organ (deep hooking). This is also 
associated with the low level of shark mortality onboard or 
after release. 

From all the marine species observed in this study 
(Table 4), most of the seabirds were found dead after being 
incidentally captured. Most of the time when the longline is 
set before deployment, seabirds are hooked or entangled 
since they eat the bait and finally get dragged and drown 



 B IODIVERSITAS 18 (3): 1179-1189, July 2017 

 

1188 

along with the gear (Gilman 2006). Therefore, the bycatch 
of seabirds are mostly found dead. 

For marine mammals, about 50% of a pilot whales 
caught on pelagic longline gear were entangled on mainline 
and the rest were hooked on the mouth (Garrison 2008). 
Garrison (2008) further explained that fishers would try to 
release back the entangled (not hooked) sea mammals back 
to the sea. However when they are hooked, for instance on 
the mouth, fishers would cut the line to release the 
mammals back to the sea and leave hooks being attached 
on the mouth.  

Mitigation options for shark, marine mammal and seabird 
bycatch in longline fishery 

Some mitigation options for shark, marine mammal and 
seabird bycatch in pelagic longline fishery was reviewed 
from other studies conducted by Gilman 2006; Beverly et 
al. 2007; Gilman et al 2007; Clark et al. 2014 as follows: in 
the case of seabirds, the mitigation options were classified 
into three categories: (i) avoiding fishing activities in areas 
that had high risk of interaction with seabirds for example 
in open and closure and night setting, (ii) blocking access 
to the bait for example using sinker, fishing line launcher, 
gear setting from the side of the vessel, bird repellents 
strings/streamer line), and (iii) changing the bait for 
example using artificial bait and bait coloring.  

For marine mammals (including cetaceans), the studies 
are still limited. However one of the mitigation options that 
could be offered was to change the hook material into the 
less strong one (weak hook) in order to release large-sized 
marine species (whales and dolphins) but the hook was still 
strong enough to smaller sized fish as the main target of the 
fishery such as tuna and billfish. 

Hook rate of shark was mostly determined by type of 
bait usage, soaking time, hook shape, line length and 
material, the depth of gear setting, and supporting devices 
specifically used to target sharks. On the other hand, 
survival rate of hooked or entangled shark during hauling 
and handling is quite varied, depending on shark species, 
size, area and fishing practices as well as vessel navigation. 
Some approaches recommended to reduce shark bycatch in 
longline fishery included by reducing soaking time, deep 
settings and changing fishing ground when the location is 
identified as shark bycatch hotspot. 

From this study, it can be concluded that deep setting 
system and night setting have been proven to be more 
effective in reducing bycatch of sharks, seabirds, and 
marine mammals. The characteristics of shark, marine 
mammals and seabird bycatch in Indonesian tuna longline 
fishery in term of hook rate of whale bycatch, dolphin, 
seabird and shark bycatch was lower than average global 
bycatch hook rate. Based on the location of observed 
bycatch, it could be seen that tuna longline fleets based in 
Bitung Port using shallow setting system had lower bycatch 
level of seabirds and dolphins compared to those in Benoa 
Port using deep system setting. On the contrary, tuna 
longliners based in Bitung Port had higher bycatch level of 
whales and sharks (including Great hammerhead shark). Of 
the seven shark species identified in the study, blue shark 
was the most species that frequently captured in Indonesian 

longline tuna fishery incidentally. All the sharks captured 
were mostly juveniles or sub-adults. Most of the sharks, 
dolphins and whales were captured in alive condition 
except for seabirds that generally were found dead after 
being incidentally captured. 
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Abstract. Krisanti AA, Widiyani T, Imron MA. 2017. Species diversity and population distribution of arboreal mammals in Kemuning 
Forest, Temanggung, Central Java, Indonesia. Biodiversitas 18: 1190-1195. Arboreal mammals which spent their life on the trees have 
significant roles for ecosystem balance and sustainability of forest ecosystem. This research aimed to reveal the diversity, population 
distribution, and the habitat used by arboreal mammals in Kemuning Forest of Bejen, Temanggung, Central Java, Indonesia. We 
conducted observation on the presence of arboreal mammals during four weeks started from April to July 2016. The observation was 
done within various times a day depends on the weather. 30 strips transect (ST) with 200m in length were established following the 
existing walking path for species identification. Point-quarter samplings (PQS) were used at every 50m of the track length for measuring 
diversity, density, and determining the dominant vegetation. There were 137 individuals of arboreal mammals detected and classified in 
6 species, i.e., Callosciurus notatus, Ratufa bicolor, Galeopterus variegatus, Macaca fascicularis, Trachypithecus auratus, and Nycteris 
javanica. The largest population was M. fascicularis while the smallest was G. variegatus. There were 28 species of identified trees. 
Animals were observed in 22 tracks while the other six tracks were out of detected animals, so the relative frequency of animal was 
80%. Diversity indices (H’) of the animal were 1.342, whereas the vegetation diversity indices were 2.795. Dominant vegetation species 
were Ficus macrophylla (36%). The arboreal mammals were distributed in a clumped pattern. We concluded that Kemuning Forest had 
the potential to be the suitable habitat for arboreal mammals with better managements. 

Keywords: Arboreal mammals, distribution, diversity, Java 

INTRODUCTION 

Mammals have the amounts of improved adaptation 
models among the other classes so they could endure more 
changeable environmental condition. Mammals have at 
least 5400 species dispersed in the entire earth surface with 
various body size, shape, appearance, and different 
function on the ecosystem (Hickman et al. 2011). Arboreal 
mammals spend almost their time doing various activities 
such as eating, socialization, and breeding, on the trees 
(Reed,1998). Mammals, both arboreal and terrestrial, are 
more often influenced by human activities than another 
animal classes. Human interferences mammals by hunting 
and domesticating for food sources, clothes, experimental 
objects, and so on (Hickman et al. 2011).  

Forest is a natural habitat for various animal species, 
including arboreal mammals, and plants. Habitat is species 
specific concept which might be not fit the others. Forest 
habitat could be divided vertically into strata. Each stratum 
has its abilities to support the animals’ life (Alikodra 2002), 
and it could be used to describe the habitat condition. For 
example, the percentage of arboreal mammals living on the 
upper stratum (forest canopy) could describe the condition 
of canopy and rainfall intensity on the a certain habitat 
(Reed 1998). The upper stratum composed such a complex 
habitat due to its supporting characteristics including 
elevation in which the vegetation is planted  (Samaras and 
Youlatos 2010). Some species from the ordo of Primates, 

Carnivores, Hyracoideas, Pholidotes, Chiropters, and 
Rodents are arboreal mammals which are living in this 
upper stratum. Compared to another habitat type such as 
agroforestry area (Caudil et al. 2014), the forest has the 
highest percentage of the number of mammal species 
including the arboreals (Reed 1998). A habitat without 
massive disturbance supports inhabitant animal necessities 
like food, water, breeding sites, and shelters (Santosa et al. 
2008). 

Kemuning Forest is a productive land owned by its 
surrounding villages including Kemuning Village, 
Temanggung, Central Java, Indonesia. It has approximately 
600 ha of a mixed forest. Center part of the forest is being 
kept natural by local people, while the border areas are 
used for residence area and coffee plantation area. In this 
small lowland forest, there are many flora and fauna 
species, some of them like Trachypithecus auratus and 
Rhyticeros undulatus are endemics in Java Island (IUCN 
2016). From the issues of unawareness of the locals to 
biodiversity richness around them, we tried to collect as 
many information as possible, even from a single 
adaptation type of animal in small patch area, to renew the 
record, reveal some matters are going on, and also figure 
out solutions to those matters.   

This study aimed to reveal the diversity and population 
distribution of arboreal mammal presence. Also, we tried to 
uncover the habitat used by arboreal mammals in 
Kemuning Forest, Temanggung, Central Java, Indonesia. 
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MATERIALS AND METHODS 

This study was conducted in small patch area (± 230 
ha) of Kemuning Forest, Bejen, Temanggung, Central Java, 
Indonesia (Figure 1). This area is located on the west side 
of Kemuning Village. It is under the authority of 
Indonesian State Forest Company (PERUM PERHUTANI) 
of Kedu Utara Unit Management. The survey was 
conducted for 28 days effectively, started from April to 
July 2016.  

Survey method 
The animal census was conducted in the tracks of 30 

strip transects. Each track has a length of approximately 
200 m, and 20 m length of belt to the right and left of the 
track. We assumed that every arboreal mammal on the 
tracks was observed. Although it was less of efficiency due 
to the discountable animals outside the track, we kept using 
a narrower belt (Williams et al. 2002) which was suitable 
to the area topography. The accuracy of visual estimation 
of the observation area is very important to prevent data 
bias. Transect pattern was determined randomly through a 
purposive sampling. The survey took time at the morning 
(06:00-10:00 a.m.), afternoon (11:00-16:00 p.m.), and in 
the evening (17:00-20:00 p.m.) (GMT +7). Point quarter 

samplings were applied to confirm the habitat use by 
arboreal mammals, the density of the trees, and diversity of  
the trees to find tree species dominance. On transect, we 
determined three stable points at every 50 m from the 
starting point, whether there is animal found or not. 

Data analysis 
Both animals and vegetations data were identified and 

analyzed statistically. From the animal data, we calculated 
diversity index, population estimation, distribution pattern, 
and frequency (Ludwig and Reynolds 1988; Bismark 
2011). Tree density and dominance were calculated from 
the vegetation data (Zhu and Zhang 2009; Bismark 2011). 
Data normality was analyzed automatically by using 
Distance software (Thomas et al. 2010). 

RESULTS AND DISCUSSION 

There were 137 individuals of arboreal mammals 
observed during four months in Kemuning Forest. Those 
arboreal mammals are of 6 species, i.e. Callosciurus 
notatus (Plantain squirrel), Macaca fascicularis (Crab-
eating macaque), Ratufa bicolor (Black giant squirrel), 
Trachypithecus  auratus  (Javan langur), Nycteris javanica    

 
 

   

 
 
Figure 1. Observation sites of arboreal mammals in Kemuning Forest of Bejen, Temanggung, Central Java, Indonesia 

 



 B IODIVERSITAS 18 (3): 1190-1195, July 2017 

 

1192 

 

(Javan slit-faced bat), and Galeopterus variegatus (Javan 
colugo). C. notatus, M. fascicularis, R. bicolor, and T. 
auratus which are the diurnal type, while N. javanica and 
G. variegatus are both nocturnal types (IUCN 2016). There 
were variation species in time, location, and population size 
(Figure 2). Huge populations were found on M. fascicularis 
with a total of 60 individuals observed. They lived in a 
group with around 15 to 35 members. Macaca group is led 
by a biggest and strongest (alpha) male. They were found 
on three different tracks at noon in the first, second, and 
third observation weeks. They were resting, socializing, 
and grooming in the tree branches when we found them. 

 The similar order to M. fascicularis is T. auratus.  
They live in a smaller group with 3 to 7 members. T. 
auratus were found after two weeks of observation. There 
were 12 individuals in 2 groups. They were resting in the 
tree branches. Because of their habitat is an open canopy as 
well as M. facicularis, they were noticed by aerial 
predators easily. A predator we found was Spilornis cheela. 
Open canopy habitat is a big threat to the population 
longevity, although they are agile and have a high 
capability in detecting other animal movements.  

Callosciurus notatus and N. javanica are known to live 
in a smaller group than M. fascicularis and T. auratus. One 
to three individuals of C. notatus were usually observed 
along four weeks of observation on the tree branch or stem. 
C. notatus (34 ind.) were usually found in duration 6:00 
a.m to 13:00 p.m. when they were gathering seeds or fruits 
and drinking water on the ground. Some of them could be 
seen in the afternoon (13:00-15:00 p.m.). The species were 
found on 22 different tracks. They are more easily found on 
different tracks than the other 5 species. Generally, C. 
notatus stays in the upper tree hollows near water source 
rather than in the bottom or fallen tree hollows.  

Nycteris javanica acts more similar to the C. notatus. It 
stays in the upper tree hollows near the water source. 28 
individuals of them were found at the second and fourth 
week of observation. This species is known to live in a 
small group with less than five members. They are 
probably nocturnal species; they become active after 
sundown until sunrise. Comparing to C. notatus,  N. 
javanica is less tolerant to habitat disturbance due to its low 
adaptability (Duckworth et al. 2008). N. javanica liked a 
quiet forest (Hutson et al. 2008).  

Solitary life was shown by G. variegatus and R. bicolor 
(Beatson 2011; Hayssen 2008). Both species were 
susceptible and intolerant to habitat disturbances, 
especially caused by humans. We found only a single 
individual of G. variegatus and 2 individuals of R. bicolor. 
G. variegatus was observed in the evening when it was 
sticking on the tree stem in the middle of a wind storm. 
Two individuals of R. bicolor were found only in a short 
time. According to the villagers, both species were 
undergone severe population decreasing in the past 16 
years because of overhunting and trading were done by 
local people. 
were variation species in time, location, and population size 
(Figure 2). Huge populations were found on M. fascicularis 
with a total of 60 individuals observed. They lived in a 
group with around 15 to 35 members. Macaca group is led 
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auratus were found after two weeks of observation. There 
were 12 individuals in 2 groups. They were resting in the 
tree branches. Because of their habitat is an open canopy as 
well as M. facicularis, they were noticed by aerial 
predators easily. A predator we found was Spilornis cheela. 
Open canopy habitat is a big threat to the population 
longevity, although they are agile and have a high 
capability in detecting other animal movements.  

Callosciurus notatus and N. javanica are known to live 
in a smaller group than M. fascicularis and T. auratus. One 
to three individuals of C. notatus were usually observed 
along four weeks of observation on the tree branch or stem. 
C. notatus (34 ind.) were usually found in duration 6:00 
a.m to 13:00 p.m. when they were gathering seeds or fruits 
and drinking water on the ground. Some of them could be 
seen in the afternoon (13:00-15:00 p.m.). The species were 
found on 22 different tracks. They are more easily found on 
different tracks than the other 5 species. Generally, C. 
notatus stays in the upper tree hollows near water source 
rather than in the bottom or fallen tree hollows.  

Nycteris javanica acts more similar to the C. notatus. It 
stays in the upper tree hollows near the water source. 28 
individuals of them were found at the second and fourth 
week of observation. This species is known to live in a 
small group with less than five members. They are 
probably nocturnal species; they become active after 
sundown until sunrise. Comparing to C. notatus,  N. 
javanica is less tolerant to habitat disturbance due to its low 
adaptability (Duckworth et al. 2008). N. javanica liked a 
quiet forest (Hutson et al. 2008).  

Solitary life was shown by G. variegatus and R. bicolor 
(Beatson 2011; Hayssen 2008). Both species were 
susceptible and intolerant to habitat disturbances, 
especially caused by humans. We found only a single 
individual of G. variegatus and 2 individuals of R. bicolor. 
G. variegatus was observed in the evening when it was 
sticking on the tree stem in the middle of a wind storm. 
Two individuals of R. bicolor were found only in a short 
time. According to the villagers, both species were 
undergone severe population decreasing in the past 16 
years because of overhunting and trading were done by 
local people. 

The meeting points were different to each species due 
to internal and external factors. The internal factors are 
species’ active time, species’ daily habits, or population 
size, whereas external factors are weather condition and 
predator presence. C. notatus and N. javanica were 
widespread in many transect tracks, while M. fascicularis, 
T. auratus, G. variegatus, and R. bicolor were only found 
in one to three different tracks. Arboreal mammals were 
not identified on 6 of 30 tracks. These tracks were 
production forest area of Pinus sp, Swietenia mahagoni, 
and Syzygium polyanthum.  These areas are regularly 
checked by the stakeholders, and their locations are closer 
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to the main road. These tracks are uncomfortable habitat 
because they have a very high intensity of disturbance due 
to the loud noises from vehicles or agricultural machinery 
and higher hunting risk. Relative frequency of arboreal 
mammals in the observation area of Kemuning Forest was 
80%.  

The diversity of arboreal mammals in Kemuning Forest 
was very low. Shanon-Weiner diversity index was 1.342. 
We indicated that some disturbance factors were causing 
less of arboreal mammals diversity on Kemuning Forest, 
such as the high intensity of anthropogenic activities and 
the low forest covering. In order to understand more about 
habitat condition on Kemuning Forest, we determined 
dispersion pattern horizontally. Arboreal mammals lived in 
clumped pattern. It means that they only lived in certain 
plots. There were some factors inhibited the distribution of 
the animals. The inhibitor factors should be studied more. 
However, we assumed briefly that the distribution of food 
and water resources are uneven, as well as the resting sites, 
heterogeneity of the habitat, natural behavior of the species, 
or any competition symbiosis.   

Our observation area was a mixture of shade-coffee 
field and production forest. Tree canopies in such area were 
not as dense as the primary or secondary forest. There were 
more open areas which have high sunlight intensity on the 
day (Caudill et al. 2014). Vegetation density was 36.22% 
which was less than vegetation density of natural forest 
(Rahayu and Karyanto, 2015). Low forest coverage 
influenced arboreal mammals’ life because tree vegetations 
are their substrate and their way of life. Agriculture system, 
which involved the human activities such as the use of 
agriculture machines, vehicles, and other engines, disturbs 
arboreal mammals’ life as well as infrastructure 
development. Certain species could have a different 
response to habitat change or anthropogenic development. 
Species and population abundance were absolutely 
influenced either positively or negatively (Benitez-Lopez et 
al. 2010). 

Through PQS we found 253 trees from 28 different 
species. Diversity index of vegetation was calculated as 
2.795. Average vegetation density of the location was 
0.0714 individuals/m2 for trees with a diameter more than 
10cm. Their canopies got full sunlight during the day. The 
big five species in common were Pinus merkusii, Swietenia 
mahagoni, Sterculia sp., Ficus macrophylla, and 
Artocarpus elasticus respectively. The dominant species 
was Ficus macrophylla with important value index of 36%. 
The diameter at breast height of F. macrophylla could 
reach more than 2m, and it was the biggest diameter in the 
observation area. This tree had big branches which 
diameter was more than 5 cm. Therefore, it was suitable for 
arboreal rodents like C. notatus. Ficus macrophylla 
produces sweet and sour small fruits with a diameter of 
about 1 cm and green to reddish orange in color. They are 
usually eaten by arboreal mammals even some birds. Some 
parts of Schinus sp., A. elasticus, and other tree species 
were also known as food sources or nest materials for 
arboreal mammals (see Table 1).  

Data normality was tested by using Distance Software. 
It showed that between survey model and observation 
result was well matched (AICmin= 145.80 and ΔAIC= 0). 
Calculation result (Table 2) was expected to be useful for 
the next study, such as habitat or species comparison and 
forest management.  

Arboreal mammals in Kemuning Forest had many 
important natural roles in the ecosystem. For example, the 
arboreal rodent was as an indicator of the vegetation 
condition on a certain ecosystem. They are also useful for 
habitat regeneration through their ‘catching habits’ that is 
their way of bringing seeds or fruits to their nest or 
anywhere else make some of them to be left behind or 
dropped to the ground (Kumawat 2013). Microchiroptera 
bats could control the insect pest population effectively 
(Prakarsa 2011). Based on our discussion with local people, 
we knew that arboreal mammals became one of the 
hunters’ favorite hunting objects, -as well as birds and  

 
 
 
 
 

 
 

Figure 2. Arboreal mammals distribution in Kemuning forest of Bejen, Temanggung, Central Java, Indonesia. Black dots indicate 
animal location found. A. Callosciurus notatus, B. Macaca fascicularis, C. Trachypithecus auratus, D. Nycteris javanica, E. 
Galeopterus variegatus, F. Ratufa bicolor 
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Tabel 1. The use of parts of trees by arboreal mammals in Kemuning Forest of Bejen, Temanggung, Central Java, Indonesia  
 
Use Animal species Tree species Parts of tree  
    
Food source Callosciurus notatus Artocarpus elasticus 

Ficus macrophylla 
Ficus racemosa 
Mallotus japonicus 
Pinus merkusii 
Syzygium aqueum 

Fruits 
Fruits 
Fruits 
Fruits 
Fruits 
Fruits 

 Macaca fascicularis Artocarpus elasticus 
Ficus racemosa 
Musa paradisiaca 
Syzygium aqueum 

Fruits, flowers 
Fruits 
Fruits 
Fruits 

 Trachypithecus auratus Ficus macrophylla 
Ficus racemosa 
Musa paradisiaca 
Syzygium aqueum 
Schinus sp. 

Fruits, leaves 
Fruits, leaves 
Fruits 
Fruits, leaves 
Leaves  

 Nycteris javanica Mallotus japonicus 
Syzygium aqueum 

Fruits 
Fruits 

 Galeopterus variegatus Syzygium polyanthum Young leaves 
    
Resting site Callosciurus notatus Albizia chinensis 

Ficus macrophylla 
Swietenia mahagoni 
Schleichera oleosa 
Ganophyllum falcatum 
Afzelia javanica 
Schinus sp. 

Stem, branches 
Stem, branches 
Stem 
Stem, branches 
Stem, branches 
Stem, branches 
Stem, branches 

 Macaca fascicularis Ficus macrophylla 
Sterculia sp. 

Stem, branches 
Stem, branches 

 Trachypithecus auratus Ficus macrophylla Stem, branches 
 Nycteris javanica Bambusa sp. 

Bombax ceiba 
Hibiscus macrophyllus 
Sterculia sp. 

Branches 
Branches 
Branches 
Branches  

 Galeopterus variegatus Syzygium polyanthum Stem  
 Ratufa bicolor Swietenia mahagoni 

Sterculia sp. 
Stem 
Stem 

    

 
 
 
 
Table 2. Calculation result of arboreal mammals study in Kemuning Forest of Bejen, Temanggung, Central Java, Indonesia 
 

Obj. Σ tracks Analysis
Parameter Result

Arboreal Mammals 22  Index of diversity (H’) 1,34287 (low) 
Biggest population estimation (P)  M. fascicularis (575 ind.)  
Distribution pattern Clumped 
Animal Frequency (FR) 80% 

    
Vegetation (Trees) 90 points 

 (3 points/ track) 
Index of diversity (H’) 2,79506 (moderate) 
Index of Important Value (INP) 36% (F. macrophylla) 
Density (D) 0,071411 ind/m2 

 
 
 
 
terrestrial animals. It was because arboreal mammals like 
R. bicolor, G. variegatus, and unseen species of Nycticebus 
javanica had exotic appearances. Nowadays, developments 
of infrastructures for civilization and agriculture industry 
are decreasing the forest area, and it also means that the 

natural forest ecosystem changes too. Some arboreal 
mammals such as C. notatus and M. fascicularis are 
tolerant to the habitat changes due to their fast and limitless 
reproduction over the years. The others are intolerant to the 
habitat change even though in the less destruction habitat. 
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These kinds of species are susceptible. They are some 
endemic species such as T. auratus and N. javanica that 
should be more protected.  

To conclude, Kemuning Forest has a low arboreal 
mammals presence. A total of 137 individuals were found. 
They belong to 6 species, i.e. C. notatus, M. fascicularis, T. 
auratus, N. javanica, G. variegatus, and R. bicolor. M. 
fascicularis population was the largest species due to their 
social life. They lived in a bigger group. C. notatus was 
detected easily in almost all tracks (30 tracks), while G. 
variegatus and R. bicolor were hardly found. These 
arboreal mammals were distributed in a clumped pattern. 
There were some inhibitor factors which cause the animals 
to inhabit only on a certain area. Coffee-shaded area in 
combination with production forest could not give more 
life support for those animals on the observation area, yet it 
sheltered them quite well from natural phenomena and 
predators. On this small patch, there were F. macrophylla 
which had the biggest diameter (reaching >2 m). It covered 
some parts of the area,  even though, the resting sites and 
food sources for the arboreal mammals are abundances. 
Animal hunting is done by local people from the outside 
villages still existed and acted almost in every day. The 
conservationists should put more attention this matter. This 
case happens in Kemuning Forest and other areas. 
Continuous research on arboreal mammals and their habitat 
in Indonesia forest are essential. Arboreal mammals are 
very important and useful for forest regeneration. It is 
important to reveal the inhibitory factors on the arboreal 
mammal’s life inside the forest. It helps stakeholders 
arranging the best management for mammals or the whole 
forest conservation strategies. 
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Abstract. Fitmawati, Sofiyanti N, Roza RM, Isnaini, Hazimi H, Irawan YS, Winata DR, Dewi APK. 2017. Traditional medicinal 
formulation: Obat pahit from Lingga Malay Ethnic in Riau Archipelago, Indonesia. Biodiversitas 18: 1196-1200. Lingga Malay Ethnic 
is the native ethnicity in the Lingga District, Riau Archipelago, Indonesia. This ethnic still holds strong beliefs of their ancestors, such as 
the use of medicinal plants. One ingredient that is still used today is obat pahit as a body fitness keeper. The aim of this research was to 
inventory the kinds of medicinal plants used by Lingga Malay ethnicity in obat pahit potions. This research was conducted using survey 
and observation methods on the packaging of obat pahit. Interviews were held on Traditional Medicine Practitioners (TMP) of 5 (five) 
people TMPs using a questionnaire form. The research results during the interview and observation of TMPs in the packaging of obat 
pahit showed the differences in number and kinds of plants of each TMP. The interview results which were obtained 2 plant species 
were listed from Kalan TMP; SP4 TMP is about 12 species of plants; Linau TMP is 14 species of plants; Resun TMP is 7 species of 
plants; and Musai TMP is 14 species of plants. The dominant medicinal plants that are used on this study were Bauhinia semibifida, 
Cnestis sp. and Cnestis palala.  

Keywords: Lingga Malay Ethnic, obat pahit, traditional medicine 

INTRODUCTION  

Changes in lifestyle for today's modern society have 
been increasing the risk of degenerative diseases. There are 
around 50 degenerative diseases that arise as a result of 
degeneration of body cells functions in normal 
circumstances, such as diabetes mellitus, stroke, coronary 
heart disease, cardiovascular disease, obesity, and 
dyslipidemia, which have become a common problem in 
public health. Dietary and lifestyle are often blamed as the 
strong cause of the incidence of degenerative diseases 
(Pourmorad et al. 2006). WHO and FAO (2004) estimate 
that nutritional factors are responsible for 60% of cancer 
cases in women. Additionally, high consumption of sugar 
and carbohydrates triggers diabetes either at diabetes 
carrier or a new patient. Excessive consumption of animal 
fat also triggers the emergence of heart disease and blood 
vessels (Canon and Braunwald 2012). According to the 
WHO (2003), 17.5 million (30%) of the 58 million deaths 
in the world is caused by heart disease and blood vessels in 
2005.  

The traditional medicine plays an important role in 
health care of tribal, rural and urban people for all types of 
ailments. As herbal use becomes more common worldwide, 
ethnobotanical researches can provide insight into other 
medical systems that differ from the biomedical model 

(Ososki et al. 2002). Trend in the use of traditional 
medicine is increasing with the following data: 27.2% of 
cardiovascular, respiratory infections 15.3%, digestive and 
tonic 14.4%, hypnotics/sedatives 9.3%, topical 7.4%, and 
others 12% (Arcury et al. 2007). Furthermore, there is a 
trend of back to nature encouraging people to be aware of 
the importance of the use of natural products for health 
(Martin 1995; Pokorny et al. 2001; Prior 2003). 

Knowledge of herbal medicine and mixed herbal 
potions originally came from the knowledge of local 
community gained inadvertently as indigenous knowledge 
and developed by generations (Marianne et al. 2016), and 
becoming the basis of the development of traditional 
medicine and herbs which is obtained from around the 
communities or ethnicities (Jalius and Muswita 2013; 
Fabio et al. 2016) who have long histories of interaction 
with the natural environment (Ahyat 2012; Balangcod and 
Balangcod 2011; Fitmawati et al. 2016). 

The Lingga Malays ethnicity has been residing in the 
Lingga District, Riau Archipelago, for centuries. Lingga 
Malay is the ancestor of the Malay tribes from Malaya 
peninsula which is associated with Bugis society (Jamal 
and Idris 2014). In the 18th century, Lingga Malay 
kingdom had been reaching its peak (Government of 
Lingga District 2013) including the culture of treatments. 
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This indigenous knowledge is preserved until now. It is 
because of the region of Lingga is geographically isolated, 
so the medicine need for people was mostly fulfilled with 
medicinal ingredients harvested directly from nature. High 
dependence on forests ecosystem makes the contents of this 
area well preserved.  

Malay civilization has been known for ages as one of 
ancient civilizations that maintain the tradition from 
generations to generations, including the use of traditional 
medicine. One of the traditional herbal medicines that are 
still existed for ages in this ethnicity is "obat pahit" as a 
"body energy keeper" (immunomodulators) (RISTOJA 
2012). Immunomodulator is a drug which can treat and 
repair damaged immune system or revive the imbalanced 
immune system (Baratawidjaja 2002). 

 This herb is believed by local communities as an 
ingredient of anti-aging. It is, therefore, necessary to have 
an empirical evidence in the development of obat 
pahit/boiling drugs for commercial purposes and to 
improve the product value in Lingga Malay community. 
Every village in the district has a Traditional Medicine 
Practitioner (TMP) who still mixes obat pahit ingredients 
with various medicinal plants according to their inherited 
knowledge (RISTOJA 2012) Difference of villages and 
geographical knowledge of TMPs enable the existence of 
different amount and type of ingredients used in potions. 
The most important step to be done is to inventory and 
compare the plant species used in obat pahit at each TMP.  

The study of Ethnomedicine is basically to understand 
the culture of the health on a community perspective (emic 
view), especially a medical system that has been a tradition 
for generations. If the knowledge stored in the older 
generation is not documented, or, the death of traditional 
medicinal practitioners, or the problems of deforestation 
that swipe away the traditional medicinal plants, then the 
plants and the associated knowledge within them will be 

irretrievably lost. This study was aimed to determine and 
compare the medicinal plant species in obat pahit used by 
TMPs in several sites of Lingga District, Riau Archipelago.  

MATERIALS AND METHODS  

Characterization of Lingga Malay Ethnic 
The people of the Lingga Malay Ethnicity are the so 

called “daik”. Daik is a town located on the Lingga island, 
which now belongs to the Lingga District, Riau 
Archipelago, Indonesia. Lingga Islands is a cluster of 
islands in Riau Archipelago, in the south and in the east of 
the Sumatra Island. Around two centuries ago, this area 
was once the center of the Malay kingdom, the kingdom of 
Riau Lingga. The origin of the Malay in Lingga kingdom 
was centered in the city of Daik as a State Sultanate of 
Johor-Pahang-Riau-Lingga. At this time, it has highly 
developed in the field of religion and economics in Daik, 
so Daik Lingga at that time were the center of trade and 
knowledge. Many traders who came there were from 
China, Bugis, Siak, Pahang, etc. Livelihoods of this tribe 
are farmers, tin mining, and fishing. Daik Lingga ethnicity 
is scattered in some villages of Lingga District 
(Government of Lingga District 2013). 

Study area 
The research about obat pahit formula from Lingga 

Malay ethnicity was conducted in Lingga Districts, Riau 
Archipelago, Indonesia. It is located at 00º 15'S latitude 
and 104º 32'E longitude with 43m elevation. Lingga 
District consisted of 9 subdistricts and 66 villages. Five 
villages are found to use the obat pahit. That is Kalan 
Village, SP4 Village, Linau Village, Resun Village, and 
Musai Village.  

 
 

 

Figure 1. The map of study area in Lingga District, Riau Archipelago, Indonesia  



 B IODIVERSITAS 18 (3): 1196-1200, July 2017 

 

1198 

 
Sampling techniques and sample size 

To obtain the related data, researchers conducted a 
qualitative research method of collecting data through 
interviews and exploration as well as identification of 
plants. Interviews were conducted in August 2016 to 5 
(Five) TMPs living in the Lingga District who are 
responsible for mixing obat pahit ingredients of Kalan 
Village, SP4 Village, Linau Village, Resun Village, and 
Musai Village. Exploration was conducted along TMPs in 
research field to collect plants used in obat pahit. 
Identification of plants was done in Botanical Laboratory, 
University of Riau, Pekanbaru, Indonesia.  

Data analysis  
The inventory of the numbers and species of medicinal 

plants used by TMPs from Lingga is represented in the 
table and the analysis data followed the method of 
Cheikhyoussef et al. (2011) with Fidelity Levels (FL). FL 
was used to determine the most important plant species 
used by the informants for certain preparatory methods 
(Alexiades 1996; Kim and Song 2011; Song et al. 2013). 
The FL was calculated using the following formula:  

 
FL (%) = Np/N x 100%,  
 
Where:  
Np is the number of informants that mentioned the 

specific plant species used in certain preparatory methods, 
and N is the total number of the informants who utilized 
plants as materials for any given preparatory method.   

RESULTS AND DISCUSSION 

The most important commercialized plant species 
Twenty four plant species were listed by the 5 

Traditional Medicine Practitioners (TMP) (Table 1). Two 
plant species were listed from Kalan TMP; from SP4 TMP 
is about 12 species of plants; from Linau TMP is 14 species 
of plants; from Resun TMP is 7 species of plants; and from 
Musai TMP is 14 species of plants. Based on the 
identification of plants in each TMP, it is also obtained that 
the high Fidelity Value of plants were Bauhinia semibifida 
(100%), Cnestis palala (80%), Cnestis sp. (80%), Syzygium 
aromaticum (60%), Rhodomyrtus tomentosa (60%), and 
Eurycoma longifolia (60%) (Table 1). Fidelity Value is a 
percentage use of same medicine plants by TMP in the 
formulation of obat pahit. 

Discussion 
The use of plants for traditional medicine is established 

in all indigenous societies in the world. In Lingga District, 
the knowledge is an intrinsic typical among the indigenous 
groups and is inherited from their great ancestry by oral 
communication. In the study, the relationship between the 
Lingga Malay ethnic and plants is demonstrated in obat 
pahit formulation. Obat pahit is one of potions that are 
commonly used by Lingga Malay society as a body fitness 
keeper (RISTOJA 2012). This potion was mixed in boiling 
water and consumed as a daily beverage. The boiling 
herbal water has a bitter taste; it is therefore known as obat 
pahit. Obat pahit   consists  of several potential 

 
 
 
Table 1. Plant species in obat pahit and their growth scale 
 

Plant Species Family Vernacular name Plant part 
used 

TMP 
Kalan 

TMP 
Sp4 

TMP 
Linau 

TMP 
Resun 

TMP 
Musai 

FL 
(%) 

 Allium sativum Amaryllidaceae Bawang putih Fruits  -  -  - √ √ 40 
 Archangelesia flava Menispermaceae Sekunyit Roots -  -  - - √ 20 
 Bauhinia semibifida Fabaceae Sebaju/Kangkang katup Roots √ √ √ √ √ 100 
 Boesenbergia rotunda Zingiberaceae Temu kunci Rhizomes - √ √ - - 40 
Cinnamomum sintoc Lauraceae Medang lawang Leaves -  -  - √ √ 40 
 Cnestis palala Connaraceae Akar tujuh lapis Roots √ √ √ √ - 80 
Cnestis sp. Connaraceae Penawa/penawa lapis Roots - √ √ √ √ 80 
 Coriandrum sativum Apiaceae Ketumbar/Sahang Seeds -  - -  - √ 20 
 Cryptocarya densiflora Lauraceae Medang balik angin Roots -  -  - - √ 20 
 Curcuma zanthorrhiza Zingiberaceae Temulawak Rhizomes - √  - - - 20 
 Eurycoma longifolia Simaroubaceae Pasak bumi Roots - √ √ - √ 60 
 Helicteris isora Sterculiaceae Cabe pintal Fruits  - -  √ - √ 40 
 Ilex cymosa Aquifoliaceae Mensire Roots -  -  - √ - 20 
Mussaenda pubescens Rubiaceae Balek adab Leaves -  -  - √ - 20 
 Piper retrofractum Piperaceae Cabe jawa Fruits  - -  -  - √ 20 
Rhodomyrtus tomentosa Myrtaceae Kemunting Roots  - √ √ - √ 60 
 Syzygium aromaticum Myrtaceae Cengkeh Flowers - √ √ - √ 60 
Syzygium aromaticum Myrtaceae Cengkeh Leaves - √ √ - - 40 
 Syzygium oleana  Myrtaceae Akar mengkasih Roots -  - √ - - 20 
 Usnea barbata  Usneaceae Taek angin Roots - √  - - √ 40 
Zingiber officinale var. 
rubrum 

Zingiberaceae Halia bare Leaves -  - √ - - 20 

- Clusiaceae Kulit keteng Bark - √ √ - - 40 
- Fabaceae Seba Leaves - √ √ - - 40 
- Fabaceae Seba Roots -  - √ - √ 40 
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plants indicated as a drug. All these medicinal plant species 
are collected by local communities from the surrounding 
areas and forest. 

A total of 24 medicinal plant species is found in 
traditional medicinal formulation in obat pahit. The fidelity 
level (Table 1) is a useful tool for identifying the TMPs’ 
most preferred plant species and its preparatory methods. 
FL values vary from 0.6% to 100%. Generally, an FL of 
100% for a specific plant indicates that the plant is being 
used by all TMPs in the same way. This research classifies 
one species of Bauhinia semibifida plants with fidelity 
levels of 100%, even without considering plants that were 
mentioned only once for better accuracy. These TMPs 
mean that they have a tendency to rely on one specific 
plant species with one preparatory method than several 
preparatory methods (Song et al. 2013).  

 Based on Table 1, it can be seen that each TMP has a 
different plant species in their obat pahit. This proves that 
obat pahit is not a standard protocol in their mixtures; it 
means that the formulation of medicinal plant ingredients 
has not been standardized yet. The method of preparation 
in obat pahit varies depending on the process and place. 
Different number of plant was obtained from an interview 
due to many factors such as knowledge about obat pahit 
formulation which is owned by each TMP who composed 
it verbally or which was passed orally from their ancestors, 
different geographical position of each TMP causing the 
differences of plant species used in obat pahit formulation. 
However, the substitute plants have the same ability to 
cure.  

The usage of decoction method is by mixing all parts of 
plants which are recommended by TMPs like roots, bark, 
leaves, flowers, fruits that have been dried in advance. 
After being boiled, obat pahit potions are ready to drink. 
The dosage given to the patient depends on age, physical 
status and health conditions of the patient. 

In obat pahit formulation, there are some plants used by 
most of TMP, namely Bauhinia semibifida, with the 
measurement of 163 g at Kalan village; 99.65 g at SP4 
village; 98.5 g at Linau village; 28.8 g at Resun village and 
42.75 g at Musai village; Cnestis palala with the 
measurement of 20 g at Kalan village; 3 g at SP4 village; 
90.3 g at Linau village and 36.9 g at Resun village; and 
Cnestis sp. with the weight of 112.03 g at SP4 village; 343 
g at Linau village; 173.4 g at Resun village and 55.1 g at 
Musai village. These three plant species are estimated to 
have a high antioxidant activity which is useful in taking 
care of body fitness of inhabitants (Zuhra 2008) of society 
of Lingga Malay ethnicity, while the other plant species are 
only complementary.  

Therefore, this study is needed to be done to have a 
better understanding of advanced study about antioxidant 
test to know the antioxidant activity of the three plant 
species namely Bauhinia semibifida, Cnestis palala and 
Cnestis sp. The result of research by Tanjung et al. (2014) 
indicated that genus of Bauhinia has high antioxidant 
activity. The results suggested that Cnestis palala is a great 
potential source of anti-microbial agents (Adisai et al. 
2015). Cnestis palala and Cnestis sp are species that are 

originated from the same genus, but they have different 
color of the wood, i.e. the color on a Cnestis palala is red, 
while and the color on Cnestis sp is white. 
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Abstract. Qurniati R, Febryano IG, Zulfiani D. 2017. How trust influence social capital to support collective action in agroforestry 
development?. Biodiversitas 18: 1201-1206. Trust is an important factor for strengthening social capital. Trust in forest community is 
achieved through collective action in small scale agroforestry. It was challenging process regards the low on social capital in 
communities. This study intended to analyse and explain how trust influences social capital in encouraging collective action in 
agroforestry development. The study conducted in Sidodadi and Sumur Kumbang Lampung Province, from October-December 2016. 
The area was selected based on disparities of sea level of villages. The data collected through in-depth interviews with several members 
of farmer group who responsible for agroforestry. The research found that trust between farmer group member remains high. However, 
trust as a source of social capital was not supported collective action since farmer group institution is weak. Therefore, to support 
agroforestry development, social capital should be increased through the development of good networks (bridging) to reach collective 
goal i.e. community welfare and sustainable forest management. 
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INTRODUCTION 

Degradation of land and forest resources continues from 
time to time results some negative impacts such as the 
destruction of ecosystems, poverty, food insecurity and 
climate change. Agroforestry is expected to be one solution 
to these problems because its strength as the element of 
livelihood, which can be used to address the socio-
economic issues related to forestry and climate change. 
Agroforestry is a system of integrated land use. It combines 
the land-based plant trees/wood and crop at the same time 
or shifting that turns simultaneously to have the function of 
ecological, economic, social and cultural rights (Mbolo et 
al. 2016; Reid 2016; Lasco et al. 2015; Wijayanto and 
Hartoyo 2015). Based on the study conducted by Iskandar 
et al. (2016), the community tends to succeed in developing 
swidden farming into a sustainable traditional agroforestry 
system, despite population growth, forest depletion, and 
intensive market penetration.  

Agroforestry management is not only influenced by 
physical and economic capital but also social capital. 
Social capital is an essential aspect of community forest 
management implementation (Guillen et al. 2015) because 
communities surrounding the forest have limited physical 
and economic capital. Therefore, the communities need to 
preserve social capital to improve their economic well-
being both directly and indirectly (Iswandono 2015). Social 
capital is a non-material form of capital (Szulecka and 
Secco, 2014). Putnam (1993) defines social capital as trust, 
norms, and networks, which can improve the efficiency of 

society by facilitating coordinated actions. The strong 
social capital can be a consideration of the government to 
support development programs (Roslinda et al. 2017). 
Social capital can facilitate the collective action of society 
and provide a strong influence on the process of improving 
social welfare. The value of trust in social capital is 
dominant as the basis for rural communities to increase 
respect and mutual benefit. Trust is a fundamental 
component of social capital formation in rural areas, while 
other aspects (cooperation and networking) will not be well 
established if not based on mutual trust between 
community members (Cahyono 2014; Innah et al. 2013).  

Fisher (2013) points out that trust becomes an important 
catalyst that allows passive information to be transformed 
into valuable knowledge. The idea is supported by Guillen 
et al. (2015) who argued the importance of personal 
relationships and the catalyst role of social capital ties in 
forest management. Koutsou et al. (2014) showed farmers' 
trust tend to increase at individual level, particularly for 
farmers who take collective action as well as allowing 
farmers to be flexible in adapting to new conditions. 
Febryano et al. (2014) explain that the high level of trust, 
understanding, and compliance can be seen from the 
support and active participation of the community against 
the agreed rules in forest management.   

Many successful collective actions have been achieved 
by communities in agroforestry management, but those still 
face some challenges when dealing with low social capital 
in society. Nooteboom (2006) pointed out that the 
measurements of trust are objects of the trust, aspects of 
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behavior, the limits of trust, and the distinction between 
reliability. Therefore, this study aimed to analyze and 
explain how trust influences social capital to encourage 
collective action in agroforestry development in forest area 
managed by surrounding community.  

MATERIALS AND METHODS 

Study area 
The research was conducted for three months (October-

December 2016), at two locations in Lampung Province, 
Indonesia; Sumur Kumbang Village, Kalianda District, 
South Lampung Regency and Sidodadi Village, Teluk 
Pandan Subdistrict, Pesawaran District. Sidodadi and 
Sumur Kumbang, just like other villages in Indonesia are 
agricultural areas and most of the population is engaged in 
farming. The topography of Sidodadi Village is lowland (7-
25 m above sea level) and is approximately 29 km from the 
capital city of Lampung Province; while Sumur Kumbang 
is a plateau and located at 400 m above sea level and is 
about 68 km from the capital city of Lampung Province. 

Sidodadi and Sumur Kumbang are surrounding forest 
villages. Land management in both villages is done by 
applying agroforestry pattern. Sidodadi Village is adjacent 
to Wan Abdul Rahman Forest Park (Tahura WAR), 
whereas in Sumur Kumbang is located in the area of Forest 
Protection Management Unit (KPHL) Rajabasa. The 
average land holding of the community in Sidodadi ranges 
from 0.25 to 4 ha whereas in Sumur Kumbang varies from 
0.25-1 ha. Sidodadi community who manage the forest 
does not have land outside the forest, on the other hand, 
almost all of the community in Sumur Kumbang owns land 
outside the forest. 

Data collection is done in several ways: structural 
interview, in-depth interviews, observation, focus group 
discussion and document analysis. The collected data are 
then analyzed descriptively on how trust influences social 
capital to support collective action in agroforestry 
management. The analysis used four implications of trust 
measurement implications by Nooteboom (2006). First, it 
should be clear what the object of trust is, such as: whether 
institutional, organizational, or individual. Second, a 
distinction must be made, between trust in competence and 
trust in intentions or, in implementation a distinction 
between opportunism and lack of commitment. Third, one 
should be aware that trust always has its limits, so the 
question is not so much whether there is trust, but how far 
it goes, where its limits are, and to what those are due. 
Fourth, a distinction should be made between reliance and 
trust, i.e. between control and trust that goes beyond control. 

RESULTS AND DISCUSSION 

Agroforestry development 
The communities of Sidodadi and Sumur Kumbang 

lived and settled in the forest until the late 1980s. However, 
after the government implemented the reforestation 
program, they were forced out of the forest. Hence, the 
dependency of livelihood on the forest was still high as 
they kept extracting forest to fulfill their needs even though 
they no longer living in it. The livelihood continued 
degraded the forest by cutting the trees down and started to 
grow coffee and cocoa as monoculture system. According 
to Hidayat (2017), people’s dependency upon surrounding 
forest is common, particularly for communities living 
adjacent to natural forests. 

 

 
 

 

 
 

Figure 1. Research location in Lampung Province, Indonesia. A. Sidodadi Village, Pesawaran District, B. Sumur Kumbang Village, 
South Lampung District 
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In 2000’s in Sidodadi there was a change of cropping 

pattern from coffee or cacao monoculture to a mixed 
pattern of coffee or cacao and Multi Purpose Trees Species 
(MPTS). The change in cropping pattern was firstly 
introduced in community forestry program (HKm) 
establishment. The implementation of HKm is by involving 
forest farmer groups under the forestry service. HKm is 
primarily implemented to achieve two goals; improving 
people's livelihoods and forest conditions (Mohammed and 
Inoue 2012; Kaskoyo et al., 2014). Sidodadi community is 
recommended to plant high canopy plants such as wood 
and MPTS and is prohibited to cut tree stands in the forest. 
Some trees species that exist in community management 
areas are taboo (Tetrameles nudiflora), benda (Artocarpus 
elasticus), gondang (Ficus variegata), and bayur 
(Pterospermum javanicum). MPTS were planted between 
coffee and cacao that already exist in the land. The 
seedlings of MPTS were provided by the government and 
distributed through the farmer groups. Some MPTS species 
grown are coconut (Cocos nucifera), durian (Durio 
zibethinus), rambutan (Nephelium lappaceum), candlenut 
(Aleurites moluccana), mango (Mangifera indica), 
cinnamon (Cinnamomum burmannii), areca (Areca 
catechu), cempaka (Michelia champaca), duku (Lansium 
domesticum), and avocado (Persea americana). Kaskoyo et 
al. (2014) argued that the purpose of growing MPTS 
species in HKm area is to enrich or expand existing 
farmland cover to create a multi-strata crown. 

In contrast to Sidodadi, the former forest area in Sumur 
Kumbang was dominated by repong damar trees; a local 
name for damar (Shorea javanica). Besides damar, there 
are gintung (Bischofia javanica), gelam (Melaleuca 
leucadendron), kedaung (Parkia roxburghii), dadap 
(Erythrina variegata), and kiara (Ficus sp) with its average 
diameter ranges from ± 40-80 m. Damar is the main source 
of income for the community, but when production and 
prices of damar fall, the trees are cut down and replaced by 
coffee and cacao in monoculture system. Accordingly, 
coffee and cacao replace damar as the main source of 
income for the community. Subsequently, since the 
community management area of Sumur Kumbang became 
part of Protection Forest Management Unit (KPHL) of 
Rajabasa in 2011, information about the importance of high 
canopy plant increased and people started planting MPTS. 

Currently, forest cover conditions in both villages are 
better but not dominated by forest trees (wood) but MPTS 
that was grown with agroforestry patterns. The willingness 
of the community in Sidodadi to grow MPTS between 
coffee and cocoa based on their awareness of the 
importance of water conservation functions (ecological). In 
line with Roshetko et al. (2013); Rahman et al. (2014); 
Rahman et al. (2017), agroforestry is a dynamic 
ecologically-based practice of growing trees on farmland 
alongside crops. The communities in both villages realized 
since forests were dominated by cocoa and coffee, many 
water springs disappeared. Moreover, the river became dry 
and caused lack of water in the dry season. At this time, 
tree species were planted mainly near the water spring 
outside the community management area, while MPTS 

planted inside the community management area. In 
addition to its ecological function, MPTS plant can be a 
long-term source of income considering that MPTS product 
can be harvested only once a year. To earn a short-term 
income, communities plant low canopy vegetation among 
MPTS such as bananas (Musa sp.), chili (Capsicum sp.), 
tomato (Solanum Iycopersicum), celery (Apium 
graveolens), lemongrass (Cymbopogon nardus), turmeric 
(Curcuma longa), and ginger (Jingiberis rhizoma). 
Hasbullah et al. (2016) stated that the people who planting 
multiple crops have great hope and suspend the sources of 
income from multi-purpose tree species. When the main 
crop production is no longer optimal, they still can have 
income from distraction plants (MPTS and crops).  

Sumur Kumbang community has a better knowledge 
about the benefits of high canopy plant, however only some 
of them willing to plant MPTS on their land. On the other 
hand, most people in Sidodadi agree to plant MPTS in their 
land. The Sumur Kumbang community does not expect the 
productivity of coffee or cocoa decline due to MPTS 
canopy cover. In Sumur Kumbang, most of MPTS is the 
existing plant in the community management area and new 
planted MPTS are still few and they only plant on the 
empty area, interrupted between by trees, and coffee or 
cacao. Various efforts to increase public trust in developing 
MPTS in Sumur Kumbang continue to conduct by the 
government (KPHL) and universities.  

So, to promote the sustainability of agroforestry, the 
community create an unwritten rule regards MPTS planting 
and harvesting in the forest area. Institutional protection by 
custom rules provides greater space for civil society to 
participate in the efforts to achieve sustainability of 
function and utilization of forest resources (Hidayat 2017). 
In Sidodadi, the community who do not plant MPTS in 
their forest areas will be penalized, and will not allow 
managing the land in the forest. In addition, if someone cut 
a tree in the forest, then he will get a penalty and has to 
plant 10 trees as a replacement at the same site. Similarly, 
the Sumur Kumbang also has an unwritten rule related to 
the planting of MPTS in forest areas. However, the content 
of these regulations has not been socialized to the 
communities. Rules and sanctions refer to mutually agreed 
behavior patterns and the degrees of compliance of 
individual behavior in the community (Szulecka and Secco 
2014; Nursidah et al. 2012). Until now there are no 
members of the community in two villages who violate the 
rules. Common rules, norms, and sanctions are the 
mutually agreed or handed-down norms of behavior that 
give individuals the confidence to invest in collective 
action, knowing that others will do similarly (Roslinda 
2016).  

Trust and collective action in agroforestry development  
Trust is focused on personal relationships underlying 

agroforestry application in the forest area. Suharti et al. 
(2016) stated that trust has become crucial in a daily 
relationship. The relationship is influenced by the 
characteristics of individuals in the community. When 
people repeatedly communicate and interact with each 
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other, they can learn whom to trust, and how to organize 
themselves to gain benefits and avoid harm 
(Schauppenlehner-Kloyber and Penker 2016). Nahapiet and 
Ghoshal (1998), argued that at an individual level, the 
source of trust derived from the values originated from 
religious beliefs, the competence of a person and openness 
among the community members. The Sidodadi and Sumur 
Kumbang communities are relatively homogeneous. 
Sidodadi community is dominated by Javanese (89%) and 
Sumur Kumbang is dominated by Sundanese (95%). The 
majority of the populations in these two villages are 
Muslims. The similarity in tribe, religion and family 
relationships that exist in Sidodadi and Sumur Kumbang 
communities strengthen the trust in the community, as 
bonding in social capital. Bonding social capital is 
presented as trust among closer and exclusive networks 
where members know each other very well (Guillen et al. 
2015). With strong bonding, communities become more 
open to communicate and coordinate to manage the land in 
forest areas. In line with Acedo and Gomila (2015), trust 
can be identified as a key determinant of the quality of 
cooperation and participation. The greater sense of trust to 
others means stronger cooperation among the people. 
Subsequently, trust among the people then increases their 
awareness on the benefits of growing woody 
perennial/MPTS instead of only coffee and cacao in their 
land.   

Trust requires the truster vulnerable, taking a risk that 
the trustee will act in their best interest (Buntain and 
Golbeck 2015). The strong communities trust in Sidodadi 
and Sumur Kumbang is implemented by their willingness 
to replace coffee and cocoa with MPTS. This decision 
brings the implication that people need to seek alternative 
income as a substitution for coffee and cacao to meet both 
short-term and long-term needs. Nevertheless, Evizal et al. 
(2016) found that shade trees with high percentage of 
MPTS have an adverse impact on coffee productivity. 
However, this does not discourage the communities in both 
villages to continue developing agroforestry. They 
implement the cash crop combination (coffee, cacao) with 
MPTS to increase their income. Unfortunately, due to the 
limitation of land holdings as well as the lack of knowledge 
and skills of the community to generate income from off-
farm, imposed the people on working as on-farm laborers. 
Accordingly, limitations to seek alternative or additional 
income can be a threatening the trust of the community to 
maintain their land with agroforestry system. In fact, 
people's dependence on forest land is very high. Hasbullah 
et al. (2016) state, in the socioeconomic dimension, finding 
the solution for alternative income that can increase the 
farmer revenue is crucial.  

The trust of Sidodadi community to plant woody 
perennial/MPTS is also influenced by the farmer awareness 
of their physical ability. As they are getting older, their 
ability to work in agricultural land will be increased. MPTS 
is more suitable for elderly farmers because it does not 
require regular maintenance, while in contrast, coffee and 
cacao plants should be maintained regularly for optimal 
results. In addition, MPTS has a long period in production 
that can be considered as savings (income) in the future. 

The cocoa-based agroforestry systems could be 
implemented to conserve biodiversity (forest tree species) 
of surrounding forest landscape through a multi-purpose 
based approach of forest tree species (Mbolo et al. 2016). 
Understanding about the importance of MPTS for 
biodiversity conservation should be provided for the 
community of Sumur Kumbang. 

The increasing level of trust amongst the community in 
both villages is as a result of the decreasing level of illegal 
logging, as well as the community effort in controlling the 
forest fire. The existence of mutual trust causes unrequired 
supervision because others behave in accordance to the 
desired. As stated by Schauppenlehner-Kloyber and Penker 
(2015), trust is a special thing that importance for the 
success of a process and to greater motivation for 
collaboration. The monitoring of illegal logging in Sumur 
Kumbang has been conducted by the cooperation between 
community and forest police. While in Sidodadi, an 
additional help comes from Mandor (forest administrator). 
Mandor is a native of Sidodadi who works as a volunteer in 
supervising the illegal logging activity. However, Mandor 
still gets paid for about 200,000 IDR/15 USD per month by 
the government just for transportation fee. Mandor in 
Sidodadi is actually in charge of supervising the 
management and utilization of forest areas, but nowadays 
they also act as a mediator between communities and the 
government. Mandor is the most community trusted party 
to be asked forest management issues. Forest police and 
extension staff have never provided guidance and extension 
to Sidodadi community directly, although the community 
feels the need of coaching to increase their knowledge and 
skill in forest management to improve their social welfare. 

The lack of communication process between the 
government or other stakeholders with the group member 
still happens in both villages. The role of the government is 
far from community’s expectations, particularly in 
Sidodadi. Cooperation and coordination between 
government and community in Sidodadi were well 
conducted during 2000-2004. However, as the police of 
HKm program in protected forest expired, the collaboration 
between the community and the government also ended. 
Currently, communication between the community in 
Sidodadi and the forestry department (government) 
insufficient. In contrast, the community in Sumur 
Kumbang is still accompanied by the government through 
KPHL Rajabasa and also local NGO as a representative 
under KPHL program. The government representative 
communicates intensively only with the administrators of 
farmer groups, hence the coordination is not optimal and 
far from community’s expectation. This condition can be a 
threat of trust in forest management, particularly in 
agroforestry development. The communications between 
community and external parties (bridging) could have a 
significant role to change and bring progress and 
innovation for group members (Qurniati et al. 2017). 
Bridging of social capital could represent a more 
sustainable alternative, increasing the long-lasting 
institutional trust that is less dependent on certain 
individuals. Achieving a good balance between bonding 
and bridging social capital is necessary. It means, there is a 
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need to improve generalized trust among parties outside the 
group (bridging), so they can take part in open and 
inclusive networks providing collective benefits, to become 
a member of farmer group. 

The farmer group in Sidodadi was formed in 2000, but 
since 2004 there has not been group activity at all. 
Meanwhile, the group at Sumur Kumbang was formed in 
2013, but since the group formation is top down, 
participation of the members of the group is quite low. 
Those weaken farmers groups in both villages and instigate 
lack of coordination and communication both inside and 
outside of the group. The ability to act is a prerequisite in 
creating added value for the organization. This requires an 
ability to communicate and coordinate honestly and 
correctly, ability to build an emotional bond, a passion for 
dialogue, cooperation skills as a team, and ability to learn 
and adapt, as well as efforts to increase participation 
(Nurtjahjawilasa et al. 2015). The coordination and 
communication will affect the collective action needed to 
achieve collective goals of the society. The low of 
collective action in both villages are reflected particularly 
from limited cooperation that can be established between 
local people with other parties outside the group in joint 
activities or in responding to the existing problems to 
increase community’s welfare. 

Local institutions play an important role in resource 
management, as communities take an active role in 
implementing legislation for collective action in sustainable 
resource management (Febryano et al. 2014). Collective 
action for the natural resource management shapes by 
individuals and its transformations within groups and 
individuals. It holds the greatest promise for the collective 
and sustainable governance of natural resources (Meilasari 
and Sugiana 2012) and individuals who can mitigate 
negative outcomes resulted from resource use that 
livelihoods depend on (Senganimalunje et al. 2016). 
Agroforestry is intended to be an alternative for sustainable 
forest management, unfortunately collective action on 
developing agroforestry practices in both villages is still 
weak. The high of trusts in both villages have not 
encouraged collective action. Agroforestry was practiced 
individually, but due to their limitations regarding financial 
capital and technical assistance in the management of 
agroforestry, products resulted from agroforestry are only 
for subsistence. Therefore, it requires a permanent network 
(not project) with a bridging party so that the community 
can improve the relationship collectively. Provision of 
technical experts related to agroforestry management and 
policy makers and access to funding source are 
tremendously needed. By applying agroforestry techniques, 
surrounding forest communities could increase their social 
economic condition while assuring sustainable forest 
management.  
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Abstract. Apuy M, Lahjie AM, Simarangkir B.D.A.S, Ruslim Y, Kristiningrum R. 2017. Traditional plants in forest gardens of West 

Kutai, Indonesia: Production and financial sustainability. Biodiversitas 18: 1207-1217. Our research on the first generation forest 

gardens (munaan) in West Kutai District, Indonesia, aimed (i) investigating the cultivation and the financial profit of various plants 

grown by the residents in the first generation forest gardens (munaan); (ii) finding out the financial feasibility level of the first 

generation forest gardens (munaan) cultivation by the residents. The subject of this research included farmers or people who cultivated 

the old/ first generation forest gardens as well as several plant commodities namely durian (Durio zibethinus), rambutan (Nephelium 

lappaceum), cempedak (Artocarpus champeden), langsat (Lansium domesticum), ihau (Dimocarpus didyma) (i.e. native Borneo longan), 

meranti (Shorea sp.) and kapur (Dryobalanops aromatica) trees. Five villages/kampongs were sampled, with each plot sized 20 m x 20 

m. Biomass analysis stocks growth of meranti and kapur trees are using volume formula. While the fruit production was calculated by 

weighing the weight of the fruit. In order to find out the relationships among variables, a polynomial regression equation was employed 

to obtain the regression coefficient of determination (R2). The bioeconomic analysis feasibility was done by using Pay Back Period (PP), 

Net Present Value (NPV), Net B/C ratio and IRR. The amount of revenue level for each variant of fruit (i.e. durian, rambutan, langsat, 

ihau, and cempedak was different depending on the volume of fruit production and the selling price. The total amount of revenue from 

the cultivation of kapur and meranti trees depended on the total volume of timber, which was based on their diameter and basal area 

multiplied by the price of the timber itself. These findings imply that the cultivation of first generation forest gardens (munaan) was 

feasible for the community. The calculated values of Pay Back Period, Net Present Value (NPV), Net B/C and IRR at the discount level 

factor of 5% were 19.3 years; IDR 30.004.000, 1.58 and 8.8% respectively. 

Keywords: Bioeconomic, cultivation, forest gardens 

INTRODUCTION 

In the reform era that began in 1997-1998, Indonesia 

has delegated authority over the management of natural 

resources, from central government to regional 

government. (Jayadi et al. 2014; Chaiphar et al. 2013). One 

instance is the forest area rehabilitation effort (Gonner and 

Seeland 2002). Family forest gardens have been considered 

one of the models of the secondary forest area utilization 

by empowering the local community members to cultivate 

the forest gardens with such plants as durian (Durio 

zibethinus), rambutan (Nephelium lappaceum), langsat 

(Lansium domesticum), cempedak (Artocarpus champeden), 

ihau (Dimocarpus didyma), Kapur (Dryobalanops aromatica) 

and meranti (Shorea sp.) trees (Winarni et al. 2017; Mulyoutami 

et al. 2009). The utilization of forest gardens has been an 

inherited practice by the sub-ethnic groups of Benuaq 

Dayak, Tunjung and Kutai. These forest gardens have been 

able to grow plants that are both suitable for the ecology of 

tropical forests in Kalimantan and have the agroforestry 

business potentials which can be developed in such 

secondary forest area (Crevello 2004; Chaiphar et al. 2013).  

Furthermore, cultures have a very broad definition of 

land use, which include the community living with the use 

of natural resources and the environment (Fahrianoor et al. 

2013). The concept of customary law is a participative 

way of thinking. Therefore, the tenure or ownership of 

forest and its natural resources both individually and/or 

communally are obtained by opening the forest areas for 

cultivation (Prasetyo et al. 2015). The cultivation done by 

individuals opening the land is permitted, given the 

ownership of the land property of that particular forest. 

This traditional system for obtaining a particular 

ownership of forest resource areas for cultivation has been 

regarded as the early stage that a community goes through 

in order to get to know the term ’tenure and property rights 

(Muliadi et al. 2017). 

The Dayak community living around the forests 

initially earned their living by hunting, gathering, and 

fishing in the river and lakes (Rahu et al. 2014). This 

condition has changed, they have been familiar with the 

farming system, trading, raising cattles, planting, providing 

services, and being civil servants, as well as, employees in 

companies (Pamungkas et al. 2013). Communities with 

sustainable natural resource management are led to exploit 

their lands and produce high-tech machinery that destroys 

natural resources (Chusakul 2009). This indicates that there 

has been a diversification of occupations among the Dayak 

communities living around the forest areas (Guerreiro 

2003). They work not only to fulfill the subsystem needs 



 B IODIVERSITAS 18 (3): 1207-1217, July 2017 

 

1208 

but also have given in to the commercialization of trading 

forest commodities (Ivo 2012). The particular activities of 

gathering forest products, farming, raising cattles and 

working in the fields have, recently, been done not only to 

feed the family, but some are also sold in the markets, in 

which the economic activities done cannot be separated 

from the farming practices in the dry fields or the swidden 

agriculture, with paddy rice as the main crop (Hongo 2009). 

Forest gardens are considered a dynamic form of a 

social, economic, and ecological process of the traditional 

communities, in which the realization of forest gardens for 

the farmers living in the villages around the forest areas 

will be a pattern created by the ideas of sustainable natural 

resources management (Kettle 2010). Furthermore, 

(Wiersum 2004; Wilcove and Koh 2010) predicts that the 

process of forming forest gardens happens gradually. At 

the beginning, the fruit seeds which were accidentally 

brought from the forests to be consumed, grew into plants 

and eventually gave some advantages. From these 

experiences, further predictions were made, such as a 

decision to cultivate or let the plant grow naturally when 

opening the area for cultivation and residence.  

The cultivation of fruit plants by the villagers have 

been a familiar activity practiced for centuries. The  

cultivation has been done both purposively and accidentally 

with the random cultivation distance in the areas around the 

villagers’ huts (their temporary logging) or their homes, 

during the cultivating time. The land use has been done by 

a swidden agriculture system, using slash-and-burn 

techniques, started by cultivating rice crops and fruit trees 

done gradually from year to year (Meijaard 2013). 

In managing community-based forest gardens, farmers 

always have limited resources (i.e. the size of the 

cultivation areas, labors, production facilities, capital). Cost 

analysis plays an important role in taking a managerial 

decision; therefore financial feasibility is defined as a form 

of financial analysis. In order to find out the amount of 

investment done for a particular extent of cultivation areas, 

financial analysis is deemed as necessary (Lahjie 2016).  

MATERIALS AND METHODS 

This study was undertaken in forest gardens at Barong 

Tongkok Subdistrict, West Kutai District, East Kalimantan 

Province, Indonesia. The size of rehabilitation area was 

around 3,000 ha. The study sites were located at 132’-

104’ 22 North Latitude (Figure 1). 

The sites visited as research location in Barong 

Tongkok sub district of West Kutai, East Kalimantan 

Province are Geleo Asa villages, Gemuhan Asa, Muara 

Asa, Ongko Asa and Ombau Asa. The visit started from 

1991 to 2015 with interval of one-year interval, from June 

to December over a month, to determine the simulation of 

fruit production and growth of stocks for twenty-five years. 

Production over twenty-five years is a simulation. The 

forest garden began to be researched from the age of 30 

years. 
 

 

 

 

 

  
 

Figure 1. Location studies at Geleo Asa villages, Gemuhan Asa, Muara Asa, Ongko Asa and Ombau Asa of Barong Tongkok sub-

district  (■) West Kutai district of East Kalimantan, Indonesia 
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The variables that had been measured as scientific data 

and had been analyzed based on the scientific principles 

were then analyzed as follows: The diameter of the tree 

measured using a measuring tape and the height of the tree 

was measured by using clinometers. Analyzed the 

simulation of increment, basal area, and the potential of 

stands. The number of fruit tree samples and wood biomass 

of 50 % with varying diameters. The timber production was 

calculated by simulation analyzing the growth increment of 

the woody trees in a particular measurement time span 

(cycle), which included Period Annual Increment (PAI) 

and Mean Annual Increment (MAI).  

 

𝑇𝑉 =  
1

4
𝜋 𝑑2ℎ 𝑡 𝑓 𝑛 

 

Where: TV = Total standing volume, d = diameter at 

breast height, h = branch-free height, f = form factor, n = 

number of trees ha-1  

 

𝑀𝐴𝐼 =
𝑉𝑡

𝑡
 

 

Where: MAI = mean annual increment, Vt = total 

standing volume at age t, t = tree age  

 

𝑃𝐴𝐼 =
𝑉𝑡 − 𝑉𝑡−1

𝑇
 

 

Where: PAI = period annual increment, Vt = total 

standing volume at age t, Vt-1 = total standing volume at 

age t-1, T = time interval between each measurment age. 

Analysis of maximum production of forest garden fruit 

trees for a particular measurement period (cycle) was done 

by calculating average revenue (AR) and margin revenue 

(MR). 

 

𝐴𝑅 =
𝑅𝑡

𝑡
 

 

Where: AR = average revenue, Rt = total revenue at age 

t, t = tree age 
 

𝑀𝑅 =
𝑅𝑡 −  𝑅𝑡−1

𝑇
 

 

Where: MR = margin revenue, Rt = total standing 

revenue at age t, Rt-1 = total standing revenue at age t-1, T 

= time interval between each measurment age. 

As the benefit and costs associated with woody trees 

and fruits-based systems occur over many years. So, the 

criterion used in evaluating the business feasibility was the 

net present value (NPV), Benefit and Cost ratio (B/C ratio) 

and internal rate of return (IRR) (Graves et al. 2007; 

Guerra et al. 2014; Dhavale and Sarkis 2017). 
 

𝑁𝑃𝑉 =  ∑
(𝑅𝑡 − 𝑉𝑡 − 𝐴𝑡)

(1 +  𝑖)𝑡

𝑡=𝑇

𝑡=0

 

 

Where NPV was the net present value of the arable 

(IDR ha-1), Rt the revenue from the enterprise (including 

subsidies) in year t (IDR ha-1),Vt the variable cost in year t 

(IDR ha-1), At the asignable fixed cost in year t (IDR ha-1), t 

the time horizon (years), and i was the discount rate.  

 

𝐵
𝐶⁄ =  

∑
𝐵𝑡

(1 + 𝑟)𝑡
𝑇
𝑡=0

∑
𝐶𝑡

(1 + 𝑟)𝑡
𝑇
𝑡=0

 

 

Where: B = Benefit, C= Cost, r= rate, t= the time 

horizon (years). 

 

IRR is a mean annueal return derived from an 

investment and expressed in percentage (Graves et al. 

2017). IRR value indicates an interest rate that can be paid 

by a business, or in other words, the ability to gain income 

from the cost invested. 

 

𝐼𝑅𝑅 =  𝑖1 +
(𝑖2 − 𝑖1) (𝑁𝑃𝑉1)

(𝑁𝑃𝑉1 − 𝑁𝑃𝑉2)
 

 

Where: NPV1 = positive NPV, NPV2 = negative NPV, 

i1 = interest rate when NPV is positive, i2 = interest rate 

when NPV is negative.  

 

The weighing of fruits by using scales to find out the 

amount of fruit production and then calculate the total 

revenue. We studied the data of the relationships among 

variables by using the determination coefficient (R2), 

including the correlation between age with total or 

production and age and total revenue. The analysis of 

financial feasibility of the forest gardens by using several 

investment criteria, according to Lahjie (2004) as follows: 

(i) Payback Period (PP); (ii) Net Present Value (NPV); (iii) 

Net Benefit Cost Ratio (Net B/C); (iv) Internal rate of 

return (IRR). 

RESULTS AND DISCUSSION  

Forest gardens diversity 

The Tonyooi Dayak people in West Kutai, Indonesia 

used traditional farming in cultivating their land, namely 

shifting/ rotating cultivation system. This kind of farming 

system would not affect the globalization factor because it 

would not be influenced by mechanization, capitalization 

or finance as well as the use of chemical fertilizers, hence a 

good practice to be maintained in West Kutai.  

Furthermore, Barong Tongkok Village is a highland 

with the height ranging from 80 m to 380 m above sea 

level. The culture of shifting/rotating the cultivation system 

was considered as suitable, especially related to the 

available agricultural equipment and technology in the past 

as well as other factors that could support the marketing of 

the agricultural products. The shifting/rotating cultivation 

calendar focused on rice as the main crop, with others such 

as corns, vegetable and spices as supplementary crops 

(Hongo 2009). Thus, suitable shifting/ rotating cultivation 



 B IODIVERSITAS 18 (3): 1207-1217, July 2017 

 

1210 

strategy had to be employed. Parts of of the field would be 

cultivated with rice, corn, spices such as turmeric, ginger 

and Curcuma xanthorrhiza (Javanese turmeric), vegetables 

such as tomatoes, chillies, string beans and eggplants, fruits 

such as rambutan (Nephellium lappaceum), durian, 

cempedak, mangoes, guavas, langsat and others, other 

plants such as candlenuts, dammar, rattan, natural rubber 

and forest timber for building houses. This cultivation area 

has been called munaan. Munaan was normally maintained 

for hundreds of years, which could be seen from the 

existence of trees with diameters larger than an extent of an 

adult’s hug, therefore most munaan had been considered as 

the community forest gardens.   

Moreover, in that particular plot, there were varieties 

of rice cultivated at the beginning of the phase. Those 

varieties of rice were cultivated together with such spices 

as ginger, turmeric and Javanese turmeric. Rice and the 

spices were cultivated in a year time. Afterwards, the field 

was let uncultivated for a while because it would be used 

later on for cultivating such vegetables as chillies, 

tomatoes, string beans and corns for a year or two. For the 

year after, the field would be cultivated with varieties of 

fruits such as rambutan, durian, langsat, ihau, and 

cempedak, as well as a variety of yearly plants such as 

meranti and kapur trees. 

Rice produced per one hectare of field was three tonnes, 

gaining the revenue of IDR 12,000,000. Spices which were 

grown in between the rice crops gained the revenue of IDR 

2,000,000 ha-1, with the assumed price per kilogram of IDR 

15,000. Thus, the total amount of spice production was 

133.33 kgs. 

After cultivating rice and spices, the fields owned by 

the Tonyooi Dayak people were rested for a while and then 

cultivated again with vegetables namely corns, chillies and 

string beans. The revenue from corns was IDR 8,700,000, 

with the assumed individual price of the corn of IDR 3000/ 

cob. This indicated that the total amount of corn production 

was 2900. Meanwhile, the revenue obtained from chillies 

and string beans amounted to IDR 5,000,000 and IDR 

2,000,000 respectively. 

The cultivation of the long-lived fruit trees and plants in 

the forest gardens was done after the cultivation of the 

vegetables. The fruits in the long-lived category included 

durian, langsat, cempedak, ihau and rambutan . Meanwhile, 

the yearly plants included meranti and kapur trees. These 

fruits experienced two forest gardens cycles, namely the 

first generation and the second generation. These fruits 

initially could only reach particular ages, to be followed by 

other cycles (next generations). 

The simulation of forest gardens production  

The first generation forest gardens would usually be 

preserved and maintained for years, as indicated by the 

existence of trees with diameters bigger than the extent of 

an adult’s hug. Therefore, there had been a lot of forest 

gardens (munaan) opened inside the forests. Furthermore, 

concerning the varieties and the ages of the plants, the first 

generation forest gardens comprised of durian, langsat, 

ihau and cempedak, which could live up to 90 years.  

Durian (Durio zibethinus) trees 

Durian trees which were cultivated in the first 

generation forest gardens reached the age of 90 years old. 

These durian trees started producing fruits at the age of 15 

years old until 90 years old. The production and the 

revenue from durian trees can be seen in Table 1.  

It could be explained that the number of durians trees 

cultivated in the first generation forest gardens which 

started producing fruits at the age of 15 years old was 16, 

with the total amount of production of 245 kgs (Table 1). 

This means that 1 durian tree produced a total of 15 kgs 

fruits. In addition, the price of the durian fruit per kilogram 

was IDR 10,000; therefore at the age of 15, the total 

revenue was IDR 2,450,000. Optimum revenue was 

reached at the age of 50 years old, with the same number of 

trees. Thus, the total production ha-1 was 966 kgs. The 

average production was 60 kgs and the total revenue was 

IDR 9,700,000. Then at the age of 90 years old, the total 

production of these 16 trees was 1.365 kgs. The average of 

fruit production per tree was 85 kgs. The price of the durian 

fruit was IDR 10.000 kg-1; therefore the total revenue was 

IDR 13,700,000. The graphic of annual average revenue 

(AR), as well as marginal revenue of the cultivated durian 

in the first generation forest gardens based on the obtained 

data in Table 1, could be estimated systematically as 

illustrated in Figure 1.  

The intersection of the optimal durian revenue in the 

first generation forest gardens occurred at the age of 50 

years old with the total revenue of IDR 9,700,000, AR 

value of 193,200 IDR ha-1 year-1 and MR value of 192,000 

IDR ha-1 year-1 (Figure 2). The relationship among the total 

production, total revenue and age can be seen in Figure 3. 

From the regression analysis, the relationship between 

age and the total production of durian cultivated in the first 

generation forest gardens as well as the relationship 

between the age and total revenue indicated a linear 

relationship with a series graphic and had the regression 

value of 99.88 % (Figure 3).  

Langsat (Lansium domesticum) trees 

The age of the langsat trees that were cultivated in the 

first generation forest gardens were 90 years old. The 

langsat trees start producing their fruits at the age of 10 

years. The production and revenue of the langsat trees can 

be seen in Table 2.  

The langsat trees cultivated in the first generation forest 

gardens started producing at the age of 10, with the number 

of fruit trees as many as 160 and the total production of 240 

kgs (Table 2). On average, one langsat tree produced 2 kgs 

of fruits and the price of langsat fruits was IDR 4000 kg-1; 

thus at the age of 10 years old the total revenue obtained 

would amount to IDR 1,000,000. The optimal revenue for 

langsat trees would be obtained at the age of 50 years old 

with the number of fruit trees as many as 128. The total 

production ha-1 of the langsat trees was 1512 kg ha-1 and 

the average production of the langsat trees was 12 kgs with 

a total revenue of IDR 6,000,000. At 90 years old, the 

number of cultivated langsat trees amounted to 100 trees. 

The total production of langsat fruit was 2498 and the average 

production of langsat fruit per individual tree was 25 kgs.  
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Table 1. The Simulation of production and total revenue from 

durian (Durio zibethinus) trees in the first generation forest gardens 

  

Age n TR AR MR TP 

15 16 24 1.632 - 245 

20 16 35 1.728 2.016 346 

25 16 45 1.800 2.088 450 

30 16 56 1.856 2.136 557 

35 16 66 1.893 2.112 662 

40 16 77 1.920 2.112 768 

45 16 87 1.933 2.040 870 

50 16 97 1.932 1.920 966 

55 16 104 1.898 1.560 1044 

60 16 111 1.850 1.320 1110 

65 16 116 1.791 1.080 1164 

70 16 121 1.731 0.960 1212 

75 16 125 1.672 0.840 1254 

80 16 129 1.616 0.780 1293 

85 16 133 1.564 0.720 1329 

90 16 137 1.517 0.720 1365 

Notes: n: number of trees ha-1; TR: total revenue (x.IDR100.000); 

AR: Average Revenue (IDR ha-1 yr-1); MR: Marginal Revenue 

(IDR ha-1 yr-1); TP: Total Production 

 

 

Table 2. The simulation of production and total revenue of 

langsat (Lansium domesticum) fruits from the first generation 

forest gardens   

      

Age n TR AR MR TP ha-1 

10 160 10 0.96 - 240 

15 144 15 1.01 1.10 378 

20 144 21 1.04 1.12 518 

25 144 27 1.07 1.21 670 

30 144 33 1.09 1.21 821 

35 144 40 1.14 1.38 994 

40 144 48 1.19 1.56 1188 

45 144 54 1.21 1.38 1361 

50 128 60 1.21 1.21 1512 

55 128 66 1.20 1.10 1650 

60 128 71 1.19 1.08 1785 

65 128 77 1.18 1.02 1913 

70 128 82 1.17 1.02 2040 

75 115 86 1.15 0.96 2160 

80 110 91 1.14 0.96 2280 

85 100 96 1.13 0.90 2393 

90 100 100 1.11 0.84 2498 

Notes: n: number of trees ha-1 ; TR: total revenue (x.IDR 

100.000); AR: Average Revenue (IDR ha-1 yr-1); MR: Marginal 

Revenue (IDR ha-1 yr-1); TP: Total Production  

 
 

The price of langsat fruit was IDR 4000/kg, so the total 

revenue was IDR 10,000,000. The graph for annual 

average revenue (AR) and marginal revenue (MR) of 

langsat trees is displayed in Figure 4.  

The intersection of optimal revenue for langsat trees 

cultivated in the first generation forest gardens was found 

at the age of 50 years, with the total revenue of IDR 

6,000,000 (Figure 4). Both AR and MR values were 

121,000 IDR ha-1 year-1. The graphic of the relationship 

among the total production, total revenue, and age can be 

seen in Figure 5.  The regression analysis result indicated a 

linear relationship among the age, total production and total 

revenue of the langsat trees cultivated in the first generation 

forest gardens (Figure 5). The regression value was 99.87%.  

 
 

Figure 2. Average revenue (AR) and marginal revenue (MR) of 

durian (Durio zibethinus) in the first generation forest gardens for 

data from Table 1. 

 

 

 

 
                

Figure 3. The Relationship between the age and total production 

(left) and the Relationship between age and total revenue (right) 

of the durian (Durio zibethinus) cultivated in the first generation 

forest gardens 

 

 

 
 

 
 

Figure 4. Average revenue (AR) and marginal revenue (MR) of 

langsat (Lansium domesticum) in the first generation forest 

gardens 

 

 

Ihau (Dimocarpus didyma) trees 

The ihau trees which were cultivated in the first 

generation forest gardens reached the age of 90 years old. 

These ihau trees start producing fruits from the age of 30 

years old. The production and revenue can be seen in Table 3.  

Fruits from ihau trees cultivated in the first generation 

forest gardens started producing at the age of 30 years old, 

with as many as 24 trees fruiting. The total production was 

114 kgs ha-1. The price of ihau fruit kilogram -1 was IDR 

9000; therefore at the age of 30 years old, the total revenue 

was IDR 1,026,000. The ihau trees obtained the optimal  
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Table 3. The Simulation of production and total revenue of ihau 

(Dimocarpus didyma) fruits from the first generation forest gardens  

 

Age n TR AR MR TP ha-1 

30 24 10 0.342 - 114 

35 24 12 0.343 0.348 133 

40 24 14 0.345 0.360 153 

45 24 16 0.347 0.360 173 

50 24 17 0.348 0.360 193 

55 24 19 0.348 0.348 213 

60 24 21 0.347 0.336 231 

65 24 23 0.346 0.336 250 

70 16 24 0.345 0.324 268 

75 16 26 0.343 0.324 286 

80 16 27 0.341 0.312 303 

85 16 29 0.340 0.312 321 

90 16 30 0.337 0.300 337 

Notes: n: number of trees ha-1 ; TR: total revenue (x.IDR100.000); 

AR: Average Revenue (IDR ha-1 yr-1); MR: Marginal Revenue 

(IDR ha-1 yr-1); TP: Total Production 

 

 

revenue at the age of 65 years old, with the number of fruit 

tree as many as 24 trees. Therefore, the total production ha-1 

for ihau fruits was 250 kgs ha-1 and the total revenue was 

IDR 2,250,000. At the age of 90, there were 16 fruit trees. 

The total production of ihau fruits amounted to 337 kgs ha-

1. The price of ihau fruit was IDR 9000 pieces-1, thus the 

total revenue was IDR 3,033,000.  

The intersection of optimal revenue for ihau fruits in the 

first generation forest gardens occurred at the age of 65 

years old (Figure 6). The total revenue was IDR 2,250,000 

with the AR and MR values amounting to 34,600 IDR ha-1 

year-1 and 33,600 IDR ha-1 year-1 respectively. The 

relationship between total production, total revenue and age 

in the forms of graphs can be seen in Figure 7. The graph 

for the annual Average Revenue (AR) and Marginal 

Revenue (MR) of the ihau fruits is displayed by Figure 6. 

The relationships between age and total production as well 

as age and total revenue were linear with a polynomial 

graph, obtaining a regression value of 100% (Figure 7). 

Cempedak (Artocarpus champeden) trees 

Cempedak trees cultivated in the first generation forest 

gardens reached the age of 90 years old. These cempedak 

trees started producing fruits from the age of 10 years. The 

production and revenue will be displayed in Table 4.  

Cempedak trees cultivated in the first generation started 

producing from the age of 10 years old, with the number of 

fruit trees as many as 112 (Table 4). The total production 

was 338 kgs. Moreover, the price of cempedak fruit 

kilogram ha-1 was IDR 3000, so at the age of 10 years old, 

the total revenue was IDR 1,014,000. The optimal revenue 

for cempedak was obtained at the age of 50 years, with 112 

fruit trees. The total production hectare-1 was 1792 kgs and 

the total revenue was IDR 5,376,000. Furthermore, at the 

age of 90 years old, with 32 fruit trees, the total production 

of cempedak was 2200 kgs. The price of the fruit was IDR 

3000 kgs-1; therefore the total revenue was IDR 6,600,000. 

The graph of the annual Average Revenue (AR) and 

Marginal Revenue (MR) for cempedak trees cultivated in 

the first generation forest gardens is illustrated by Figure 8.  

 
 

Figure 5. The Relationship between age and total production 

(left) and the relationship between age and total revenue (right) of 

langsat (Lansium domesticum) cultivated in the first generation 

forest gardens  

 

 

 

 

 
 

Figure 6. Average revenue (AR) and marginal revenue (MR) of 

ihau (Dimocarpus didyma) in the first feneration forest gardens 

for data from Table 3. 

 

 

 

 
 

 Figure 7. The relationship between age and total production (left) 

and the relationship between age and total revenue (right) of ihau 

(Dimocarpus didyma) trees cultivated in the first generation forest 

gardens  

 

 

 

The intersection for the optimal revenue of cempedak 

cultivated in the first generation forest gardens was found 

at the age of 50 years old, with the total revenue of IDR 

5,376,000, AR and MR values of 107,520 IDR ha-1 year-1 

and 107,520 IDR ha-1 year-1 respectively. The illustrations 

of relationship between the total production, total revenue 

and age can be seen in Figure 9.  

The regression analysis indicated a linear relationship 

between age and total production as well as between age 

and totatl revenue, with a polynomial graph, obtaining a 

regression value of 99.49% (Figure 9). 
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Table 4. The simulation of production and total revenue of 

cempedak (Artocarpus champeden) fruits from the first 

generation forest gardens  

 

Age n TR AR MR TP ha-1 

10 112 10 1.01 - 338 

15 112 15 1.02 1.02 508 

20 112 20 1.02 1.03 681 

25 112 26 1.03 1.05 856 

30 112 31 1.03 1.06 1033 

35 112 37 1.05 1.12 1220 

40 112 42 1.06 1.12 1407 

45 112 48 1.08 1.24 1.613 

50 112 54 1.08 1.08 1.792 

55 80 56 1.03 0.53 1.880 

60 75 59 0.98 0.48 1.960 

65 70 61 0.93 0.36 2.020 

70 55 62 0.89 0.36 2.080 

75 50 64 0.85 0.24 2.120 

80 45 65 0.81 0.24 2.160 

85 32 65 0.77 0.12 2.180 

90 32 66 0.73 0.12 2.200 

Notes: n: number of trees ha-1 ; TR: total revenue (x.IDR100.000); 

AR: Average Revenue (IDR ha-1 yr-1); MR: Marginal Revenue 

(IDR ha-1 yr-1); TP: Total Production 

 

 

 

 

 

 

 

 

Rambutan (Nephelium lappaceum) trees 

Rambutan trees cultivated in the first generation forest 

gardens reached the age of 35 years old. These trees started 

producing fruit from the age of 5 years old to 35 years old. 

The production and the revenue are illustrated in Table 5.  

Rambutan trees cultivated in the first generation forest 

gardens started producing at the age of 5 years old, with 60 

fruit trees and the total production of 3500 kgs. The price 

of the fruit kilogram-1 was IDR 3000; therefore at the age, 

the total revenue was IDR 10,500,000. The optimal 

revenue for rambutan happened at the age of 15 years old, 

with 40 fruit trees. The total production hectare-1 was 

12,000 kgs and the total revenue was IDR 36,000,000. In 

addition, at the age of 35, with 20 fruit trees, the total 

production was 14,000 kgs whereas the total revenue was 

IDR 42,000,000. The graphic illustration for the annual 

Average Revenue (AR) and Marginal Revenue (MR) of 

rambutan trees can be seen in Figure 10.  

The intersection of the optimal revenue for rambutan 

cultivated in the first generation forest gardens can be 

found at the age of 15 years old, with the total revenue of 

IDR 36,000,000, AR and MR values of 2,400,000 IDR ha-1 

year-1 and 2,600,000 IDR ha-1 year-1 respectively. The 

graphic illustration of the relationship between the total 

production, total revenue and age can be seen in Figure 11.  

The regression analysis showed a linear relationship 

between age and total production as well as age and total 

revenue, with a polynomial graph and the regression value 

of 99.53% (Figure 11). 

 
 

Figure 8 . Average revenue (AR) and marginal revenue (MR) of 

Cempedak (Artocarpus champeden) in the First Generation Forest 

gardens for data from Table 4. 

 
 

 

    
 

Figure 9. The relationship between age and total production (left) 

and the relationsip between age and total revenue (right) of 

cempedak (Artocarpus champeden) cultivated in the first 

generation forest gardens  

 

 

 

 
 

Figure 10. Average revenue (AR) and marginal revenue (MR) of 

rambutan (Nephelium lappaceum) in the first generation forest 

gardens 

 

 

 
 

Figure 11. The relationship between age and total production 

(left) and the relationship between age and total revenue (right) of 

rambutan (Nephelium lappaceum) trees cultivated in the first 

generation forest gardens  
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Meranti (Shorea sp.) trees 

Meranti trees in the first generation forest gardens 

reached the age of 90 years old, yet the number of the 

cultivated trees was only 8. Meranti trees at the age of 5 

years old had a diameter of 12 centimeters with the average 

height of 11 meters. The optimal increment of meranti trees 

was reached at the age of 40 years old with the average 

diameter of 44 centimeters and the average height of 21 

centimeters. The data for meranti increment production can 

be seen in Table 6. Meranti trees reached their optimal 

increment at the age of 40 years old, with the mean annual 

increment of 0.43 m3 ha-1 year-1, current annual increment 

of 0.44 m3 ha-1 year-1, and total volume of 17.11 m3 (Table 

6). The systematic estimation of MAI and CAI graph is 

displayed in Figure 12. The graphic illustration of the 

relationship between total volume and age can be seen in 

Figure 13.  

Kapur (Dryobalanops aromatica) trees 

Kapur trees in the first generation forest gardens 

reached the age of 90 years old and the number of trees 

cultivated was 8 (eight). Kapur trees at the age of 5 years 

old had a diameter of 10 centimeters, with the average 

height of 9 meters. The optimal increment of kapur trees 

was reached at the age of 40 years old, with the average 

diameter of 41 centimeters and average height of 20 

meters. The data for the kapur trees increment production 

can be seen in Table 7. The regression analysis result 

indicated a linear relationship between age and total 

volume, with a polynomial graph and a regression value of 

99.88% (Figure 13).  

Kapur trees reached their optimal increment at the age 

of 40 years old, with the mean annual increment of 0.35 m3 

ha-1 year-1 and current annual increment of 0.36 m3 ha-1 

year-1, and total volume of 14.15 m3. The graph for MAI 

and CAI of kapur trees is displayed in Figure 14. The 

graphic illustration of the relationship between the total 

volume and age can be seen in Figure 15. 

The regression analysis for kapur trees cultivated in the 

first generation forest gardens indicated a linear 

relationship with a polynomial graph and the regression 

value of 99.91% (Figure 15). The seven types of trees 

cultivated in the first generation forest gardens had high 

correlation coefficients, where the average of the regression 

value was above 90%, which means that there was a 

correlation between age and total production as well as age 

and total revenue of each type of cultivated trees. 

Production simulation would be inseparable from the 

distribution of diameter. Even-aged forests had a 

distribution which was relatively normal, hence following a 

normal curve, in which the highest number of trees would 

be found in the average diameter position (Ruchaemi 

2013). The relationship between the height and number of 

trees seemed to follow a normal distribution, however, for 

the uneven-aged forests, the curve would have a skewed 

distribution, in which the dominant trees were the ones 

with a small diameter; therefore the bigger the diameter, 

the less number of trees (Ruchaemi 2013). 
 

 

 
 

Figure 12. MAI and CAI of meranti (Shorea sp.) 

 

 

 

 
Figure 13. The relationship between age and total volume of 

meranti (Shorea sp.) 

 

 

 

 

 
 

Figure 14. MAI and CAI of Kapur (Dryobalanops aromatica) 

  

 

 

 
 

Figure 15. The relationship between age and total volume of 

kapur (Dryobalanops aromatica) trees  
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Table 5. The simulation of production and total revenue for 

rambutan (Nephelium lappaceum) trees cultivated in the first 

generation forest gardens  

 

Age n TR AR MR TP 

5 60 105 21 

 

3500 

10 45 228 23 25 7600 

15 40 360 24 26 12000 

20 35 420 21 12 14000 

25 30 450 18 6 15000 

30 25 468 16 4 15600 

35 20 420 12 -10 14000 

Notes: n: number of trees ha-1 ; TR: total revenue (x.IDR100.000); 

AR: Average Revenue (IDR ha-1 yr-1); MR: Marginal Revenue 

(IDR ha-1 yr-1); TP: Total Production 

 

 

 

Table 6. The simulation of meranti (Shorea sp.) log production  

 

Age N  D H TV MAI CAI 

5 8  12 11 0.80 0.16   

10 8  19 16 2.79 0.28 0.40 

15 8  25 17 4.94 0.33 0.43 

20 8  29 19 7.33 0.37 0.48 

30 8  38 20 12.70 0.42 0.54 

40 8  44 21 17.11 0.43 0.44 

50 8  48 22 20.69 0.41 0.36 

60 8  51 23 23.67 0.39 0.30 

70 8  54 24 26.37 0.38 0.27 

80 8  57 25 28.57 0.36 0.22 

90 8  59 26 30.69 0.34 0.21 

Notes : n: population of meranti (trees/ha); d: tree diameter (cm); 

h: clear bore height (m); TV: total volume (m3 ha-1); MAI: Mean 

Annual Increment (m3 ha-1 yr-1); CAI: Current Annual Increment/ 

(m3 ha-1 yr-1). 

 

 

 

Table 7. The simulation of kapur (Dryobalanops aromatica) 

Trees Log  

 

Age n d h TV MAI CAI 

5 8 10 9 0.45 0.09   

10 8 19 12 2.09 0.21 0.33 

15 8 23 16 3.93 0.26 0.37 

20 8 27 18 6.02 0.30 0.42 

30 8 35,5 19 10.53 0.35 0.45 

40 8 41 20 14.15 0.35 0.36 

50 8 45 21 17.36 0.35 0.32 

60 8 48 22 20.05 0.33 0.27 

70 8 51 23 22.54 0.32 0.25 

80 8 54 24 24.61 0.31 0.21 

90 8 56 25 26.59 0.30 0.20 

Notes : n: population of meranti (trees/ha); d: tree diameter (cm); 

h: clear bore height (m); TV: total volume (m3/ha); MAI: Mean 

Annual Increment (m3 ha-1 yr-1); CAI: Current Annual Increment/ 

(m3 ha-1 yr-1) 

 

 

Based on the definitions above, the illustration for the 

diameter distribution of a stand in the first generation forest 

gardens can be seen in Figure 16.  

Meanwhile, the regression equation for the relationship 

between the distribution of diameter class and the 

frequency of the numbers of trees can be seen in Figure 17. 

 

 
  

Figure 16. The relationship between distribution of diameter class 

and the frequency of the numbers of trees in the first generation 

forest gardens  

 

 

 

 
 

 

Figure 17. The regression equation for the relationship between 

the distribution of diameter class and the frequency of the 

numbers of trees in the first generation forest gardens 

 

  

 

The diameter distribution in the first generation forest 

gardens formed skewed distribution, which indicates that 

the bigger the diameter of a stand, the lower the frequency 

of the number of trees, and vice versa: the smaller the 

diameter of a stand, the higher frequency of the number of 

trees. This statement was supported by the regression 

equation, in the form of a logarithm (Figure 17). The 

diameter distribution with a skewed distribution form was 

the diameter distribution form of a natural forest. After the 

analysis, the diameter distribution form of the forest 

gardens was a skewed distribution, which would belong to 

the natural forest characteristic, meanwhile in practice, 

concerning the cultivation technique implemented, the 

forest gardens would be considered as the plantation forest. 

This was caused by the human cultivation techniques of 

forest gardens. However, due to the long periods of 

cultivating (several decades), the distribution of the 

diameter seemed to resemble the diameter of a natural 

forest. This is in accordance with the report (Michon et al. 

2007) that planted forests in South-east Asia and Africa can 

be similar to natural forests. Their vegetation structure and 

composition have economic value and environmental 

services.  
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Financial feasibility analysis of forest gardens 

cultivation  

The cash flow of the first generation forest gardens 

indicated that the total cost needed to cultivate a forest 

gardens for 90 years would be IDR 287,510,000 and the 

gross income would be IDR 595,876,000. Therefore, this 

particular forest utilization/ cultivation had the benefit 

value (B/C Ratio) as much as 2.1, which meant that it 

would be worth implementing, since for each IDR 1000 of 

the cost paid, the output gained was IDR 2100. 

The harvest of the first generation forest gardens 

products was started from the age of 1 year old to 90 years 

old. The rice and spice harvests would be done for a year 

long. Afterwards, the cultivation of vegetables namely 

corns, chillies and string beans, was done for two years. 

Then, the harvest of fruits would begin at the age of 5 years 

old until 90 years old, however, in between the years, there 

would be the harvest for meranti and kapur trees logs- until 

those trees were cut down at the age of 90 years old.  

Based on the analysis of the net cash flow, it was found 

that the cultivation of the first generation forest gardens by 

the community was properly done, with a discount factor of 

5%, Pay Back Period value obtained at the age of 19.3 

years, a positive NPV as much as IDR 30,004,000. This 

indicated that if the cultivation of forest gardens by 

community was done, in 90 year-time it would be 

beneficial with the present value of IDR 30,004,000. In 

addition, the value of Net B/C Ratio was 1.58, which means 

that the total benefit obtained would have a surplus of 

15.8% from the total cost spent. Meanwhile, the IRR was 

8.8%, which indicated that the cultivation of the first 

generation forest gardens by the community would still be 

feasible at the Discount Rate level of 8.8%. 

Moreover, at the discount rate of 10%, the values of 

NPV, Net B/C ratio and IRR were not feasible because the 

NPV value was negative; the Net B/C ratio was smaller 

than 1 and the IRR was smaller than the valid bank interest 

rate. Therefore, if the discount factor of 10 % was used, the 

cultivation of forest gardens was not feasible.  

The cultivation of forest gardens (munaan) by the 

community began with the cultivation of varieties of rice, 

vegetables, fruits and timber/ logs by using traditional 

agricultural system namely shifting cultivation, followed 

by the cultivation of the first generation forest gardens 

which was maintained and sustained in several tens of 

years. The amount of income level for each fruit type such 

as durian, rambutan, langsat, ihau and cempedak would be 

different, depending on the quantity of fruit production and 

selling prices. Furthermore, the amount of the total income 

for timber produced by kapur and meranti trees would 

depend on the total volume of the timber/ log, based on its 

diameter and basal area, multiplied by the price of the 

timber itself. The first generation forest gardens (munaan) 

was feasible to be cultivated by community living in and 

around the forests, with the values of Pay Back Period, Net 

Present Value (NPV) and Net B/C of 19.3 years; IDR 

30,004,000 and 1.58 respectively. In addition, the IRR 

value was 8.8% at the discount factor of 5%. The financial 

feasibility analysis of the forest gardens is hopefully useful 

to be a guideline for the government in making the policy 

to determine the extent of cultivation/ utilization scale for 

farmers, especially because this cultivation/ utilization 

scale is related to the income and welfare levels of the 

farmers. The cultivation of the first generation forest 

gardens should be continued with the second generation in 

order to obtain optimal economic value. 

Substitution of plant species that make higher economic 

value not only selected naturally or ecologically, but must 

intervene human in restoring soil fertility. Rambutan and 

cempedak trees require sufficient sunlight for growth, so 

thinning of the sapling trees needs to be cut down. 

Economic turnover over the age of 45 years needs selective 

thinning to get enough sunlight for staple crops such as 

rambutan and cempedak. It is not possible for naturally 

occurring, so it is necessary to intervene before the age of 

45 years. 

The low production growth of plant biomass that 

produces timber is not solely influenced by modern human 

management, but also influenced by natural management 

and local management. One example of incremental timber 

increment will be increased if there is a thinning of fruit 

plants that are no longer productive. There is a tendency 

that the onset of thinning activities more influenced by 

local management wisdom deliberate, especially by those 

who are aged over 50 years. It is intended as a food reserve, 

especially fruits, medicines. Deliberate management with 

local knowledge compared to unintentional management. 

In addition there are limitations of food, because a lot of 

star-eaten fruit.  
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Abstract. Tauruslina EA, Trizelia, Yaherwandi, Hamid H. 2017. Diversity of plant species in paddy ecosystem in West Sumatra. 

Biodiversitas 18: 1218-1225. Community is a group of living things which have adjusted and inhabited a natural habitat. Characteristics 

of the community in an environment are its diversity. The diversity of the plants is a plant species that occupy an ecosystem. The 

research was aimed at determining species diversity, the dominance of plant species and summed dominance ratio (SDR) in paddy 

ecosystem. The plant samples were taken from the location of endemic areas of brown plant hopper in Tanjung Mutiara Subdistrict, 

Agam District West Sumatra. Sampling was done by using two methods, (i) survey methods with direct data collection; (ii) squares 

method, observation of sample plots in the field. The level of diversity of plant species was analyzed using diversity index of Shannon-

Wiener (H’). Plant species dominance was analyzed using dominance index (C). The results showed that index value of Shannon-

Wienner ranged 1.00 – 1.73, which indicated that the category of diversity level of plants was medium. Dominance index ranged 0.03 - 

0.08 which meant there were a dominant species among the plants in the study areas. The highest SDR in the ecosystem type III were 

Cyperus rotundus (40.87%) and Borreria laevis (37.43%), in the type I was C. rotundus (34.90%) and in type II was Portulaca oleracea 

(20.08%). The dominant plant species found in the type I were C. rotundus, Eleusine indica, Borreria laevis, in type II were P. oleracea, 

C. rotundus, Amaranthus spinosus and in type III were C. rotundus, B. laevis, and A. spinosus. 

Keywords: Paddy ecosystem, diversity, species dominance 

INTRODUCTION  

Some species of living are occupying a natural habitat 

in which each individual could find its need in the 

environment. A group living together in a natural habitat 

and has adjusted to an environment is called community. 

The characteristic of a community in an environment is 

diversity. The more diverse the biotic components, the 

higher the diversity and vice versa (Mardiyanti et al. 2013).  

Biological diversity covers plants and animals which 

diverse in an area. Indonesia is one of the fourth highest 

plant diversity in the world covering about 38.000 plant 

species (Nugoroho 2015). Plant diversity is the species 

diversity of the plants occupying an ecosystem. An 

ecosystem can be maintained through interactions among 

the species that form it and the interaction between the 

species and environment (Saleh et al. 2016). Indonesian 

richness of germplasm in 2010 is noted 27.500 species of 

flowering plants, 10% of world flowering plants (Pratiwi 

2012). According to Yaherwandi (2009), the agricultural 

landscape consists of paddy ecosystem and weeds. 

Diversity of paddy agroecosystem does not only affect the 

diversity of natural enemies in plantation but also its 

abundance and effectiveness. In an agroecosystem, the role 

of weeds cannot be ignored because their flowers can 

provide alternative feed and as the refuge for insects. Most 

insect predators and parasitoids get benefit from weeds.  

Santosa and Sulistyo (2007) stated that paddy 

ecosystem theoretically is an unstable ecosystem. The 

stability of paddy ecosystem is not only determined by the 

diversity of community structure but also by the 

characteristics of its components, interaction among 

ecosystem components and species diversity. Paddy 

ecosystem tends to have limited diversity because human 

want to have certain plants only which live in the 

ecosystem, while unwanted plants are removed. Therefore, 

plant diversity in paddy ecosystem tends to be limited 

depends on management done by farmers. Before paddy is 

planted, in the ecosystem there are certainly various species 

of plants grow. Interaction and species diversity are very 

important to study to determine the diversity of plant 

species in natural habitat (Mardiyanti et al. 2013). 

Information on plant diversity in paddy ecosystem is very 

crucial as an early step to study about the ecosystem 

stability. This study was aimed at studying the plant species 

diversity, dominant plant species and Summed Dominance 

Ratio (SDR) in paddy ecosystem. 

MATERIALS AND METHODS  

Study sites 

Research was conducted in paddy ecosystems endemic 

to brown planthopper in Jorong Cacang Tinggi, Nagari 

Tiku Utara, Tanjung Mutiara Subdistrict, Agam District, 

mailto:etauruslina@yahoo.com
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West Sumatra, Indonesia at altitude 1-2 meter above sea 

level (Figure 1). The research was conducted from July-

December 2015. 

Methods 

This was quantitative research using survey method. 

Sampled locations were needed to determine paddy 

ecosystem stability. Stability of paddy ecosystem was 

determined based on the level of plant species diversity. 

 

Sample locations and collections 

The locations chosen were those in which the intensity 

of brown planthopper was increasing. The locations were 

grouped into three categories, type I (paddy ecosystems 

located on the edge of rice field), type II (ecosystem 

located in the middle of rice field) and type III (ecosystem 

bordered with irrigation system). Samples were collected 

directly using a quadratic method from sampled plots 

arranged randomly. There were ten sampled plots, and in 

each plot there were ten subplots. So, there were 100 total 

sampled sub plots. The size of a subplot was 1×1 m2 

because the living plants species were mainly herbs. It 

referred to Gunawan et al. (2010) that the use of quadrate 

with the size 10×10 m2 was for tree level, 4×4 m2 for 

undergrowth woody vegetations up to 3 m height and 1×1 

m2 for undergrowth vegetations or herbs. 

  

Data analysis 

Vegetation analysis 

Data collected were analyzed to determine important 

value index (IVI). The important value was obtained from 

the sum of relative density, relative frequency and relative 

dominance (Kainde et al. 2011). 

 The measure of IVI was taken to determine plant species 

dominance in a community. A high IVI shows a high 

dominance (Saharjo and Cornelio 2011; Saputra and 

Labibah 2011). The value of summed dominance ratio 

(SDR) is based on plant IVI.  

Plant species diversity  

Shannon-Wiener Index was used to determine the 

diversity of plant species (H’) (Prasetyo 2007).  

 
Table 1. Standard value for diversity index (Fitriana 2006) 

 

Reference value Description 

H’ < 1,0 Diversity is low, poor, very low 

productivity, high stress, unstable ecosystem 

1,0 < H’ < 3,322 Diversity is medium, enough productivity, 

enough ecosystem balance, medium 

ecological stress 

H’ > 3,322 Diversity is high, steady ecosystem stability, 

high productivity, resist ecological stress 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Research location in Nagari Tiku Utara, Tanjung Mutiara Subdistrict, Agam District, West Sumatra, Indonesia 

  

Tiku Utara 
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Dominance index  

Dominance index (D) was used to determine species 

richness and balance on total individuals for each species in 

an ecosystem. If dominance is concentrated to one species, 

the dominance index value increases. If some species 

dominate together, dominance index value is low. To 

determine plant species dominance the following Simpson 

Index (Kainde et al. 2011). 

Dominance index ranged 0 – 1. D = 0, means there is 

no species dominates others or community structure is 

stable. D = 1, means there is a species dominates others or 

community structure is unstable because of ecological 

stress (Kainde et al. 2011). 

RESULTS AND DISCUSSIONS  

Ecosystem condition at research locations 

Three different conditions of paddy location were used 

in this study i.e. type I (paddy ecosystems located on the 

edge of rice field), type II (ecosystem located in the middle 

of rice field) and type III (ecosystem bordered with 

irrigation system). The condition of the location affects the 

changes and plant developmental process known as 

succession.  

At the time the paddy plants were one month old, plant 

diversity was limited on herbs. Mostly plants found were 

weeds. According to Wardah et al. (2012), flowering weeds 

or undergrowth plants were plant community that 

constructs underground stratification near soil surface 

(Figure 2).  

Simpson dominance index (C) and Shannon-Wiener 

diversity index (H’) 

 Total plant species found from all lands endemic to 

brown plant hoppers were 12 species belonged to eight 

families. Eight species of plants were found in type I, three 

species in type II and 11 species in type III land (Table 2). 

Generally, the plant species found in three types of lands 

belonged to family Passifloraceae, Amaranthaceae, and 

Cyperaceae.  

It was found that there was different plant species 

dominance in three types of paddy ecosystems. The highest 

species richness was found in type II ecosystem (11 

species) followed with type I (eight species) and type III 

(three species). The highest dominance index (C) and 

diversity index (H’) were found in type II paddy 

ecosystem. Hypothetical data on plant species diversity in 

different types of ecosystems were presented in Table 3. 

Important value index (IVI) and summed dominance ratio 

(SDR) of plants IVI were an index that shows the 

importance of role or effect of plant species on vegetation 

in one location. IVI was used in interpreting composition of 

one plant community (Maridi et al. 2015). SDR was 

determined based on the composition of plant species. 

Vegetation in ecosystems showed variation in plant species 

among three different ecosystems. The highest IVI and 

SDR of plant species were found in type III ecosystem. The 

results of vegetation analysis in various ecosystems were 

presented in Table 4.  

Figure 3 shows that in ecosystem type I the highest IVI 

was found on Cyperus rotundus (69.80) followed by 

Eleusine indica (33.05) and Borreria laevis (28.20).  

 

 

 

 
 

Figure 2. One of sampled locations of vegetation observed  
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Figure 4 shows the highest IVI of plant species 

constructing type II paddy ecosystem was species 

Portulaca oleracea (40.16) followed by Cyperus rotundus 

(38.07) and Amaranthus spinosus (30.01). Figure 5 shows 

the highest IVI on plant species constructing type III paddy 

ecosystem was species Cyperus rotundus (81.75) followed 

by Borreria laevis (74.86) and Amaranthus spinosus 

(43.38).  

 

Species dominance  

Observation in the field indicated that dominant species 

found in each type of ecosystem were different. The 

dominant species found in type I ecosystem were Cyperus 

rotundus, Eleusine indica, Borreria laevis, in type II 

ecosystem were Portulaca oleracea, C. rotundus, 

Amaranthus spinosus, and in type III ecosystem were C. 

rotundus, B. laevis, A. spinosus (Figure 6).  
 

 

 
 

Figure 3. Important value index (IVI) of plant species in type I 

paddy ecosystem 

 

 

 
 

 

Figure 4. Important value index (IVI) of plant species in type II 

paddy ecosystem 

 

 

 

 
 

Figure 5. Important value index (IVI) of plant species 

constructing type III paddy ecosystem 

 

 

 

 

 

 

 

 

Table 2. Plant species found in paddy ecosystem in different types of ecosystem  

 

Family 
Plant species in three types of ecosystem 

Type I  Type II  Type III  

Passifloraceae Borreria laevis (Lamk.) Giseb Borreria laevis (Lamk.) Giseb Borreria laevis (Lamk.) Giseb 

Amaranthaceae Amaranthus spinousus L. Amaranthus spinousus L. Amaranthus spinousus L. 

Cyperaceae Cyperus rotundus L. Cyperus rotundus L. Cyperus rotundus L. 

Cyperaceae - Cyperus iria L. - 

Cyperaceae - Cyperus kyllingia Endl. - 

Cyperaceae - Fimbistylis miliacea Linn. (Vahl) - 

Asteraceae Acmelia uliginosa Acmelia uliginosa - 

Fabaceae Cassia tora L. - - 

Fabaceae Mimosa pudica Mimosa pudica - 

Portulaceae Portulaca oleracea L. Portulaca oleracea L. - 

Poaceae Eleusine indica (L.) Garth Eleusine indica (L.) Garth - 

Euphorbiacea - Euphorbia hirta Linn - 
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Tabel 3. Hypothetical data on plant species diversity in different types of ecosystem 

 

Plant species  

Types of ecosystem 

I II III 

ni pi pi
2 ni pi pi

2 ni pi pi
2 

Borreria laevis 480 0.14 0.020 24 0.02 0.001 200 0.46 0.210 

Amaranthus spinousus 200 0.06 0.001 176 0.32 0.100 64 0.15 0.020 

Cyperus rotundus 1648 0.47 0.220 488 0.32 0.100 168 0.11 0.010 

Acmelia uliginosa 128 0.04 0.001 24 0.01 0.001 - - - 

Cassia tora 112 0.03 0.001 - - - - - - 

Mimosa pudica 152 0.04 0.001 2 - - - - - 

Portulaca oleracea  464 0.13 0.020 520 0.34 0.120 - - - 

Eleusine indica 760 0.22 0.040 40 0.03 0.001 - - - 

Cyperus iria - - - 48 0.03 0.001 - - - 

Cyperus kyllingia - - - 88 0.06 0.010 - - - 

Euphorbia hirta - - - 40 0.03 0.001 - - - 

Fimbistylis miliacea - - - 80 0.05 0.001 - - - 

          

Number of individual (N) 3464   1530   432   

Number of species 8   11   3   

Shannon-Wiener index (H’) 1.67   1.73   1.00   

Dominance index (D) 0.03   0.03   0.08   

 

 

 

Tabel 4. Results of vegetation analysis in various paddy ecosystems  

 

Plant species 
Types 

of ecosystem 
D 

RD 

 (%) 
F 

RF 

 (%) 

IVI 

 (%) 

SDR 

 (%) 

Borreria laevis I 464 13.39 0.2 14.81 28.20 14.10 

 II 24 1.57 0.1 6.17 7.74 3.87 

 III 200 46.29 0.2 28.57 74.86 37.43 

Amaranthus spinosus I 200 5.77 0.2 14.81 20.58 10.29 

 II 176 11.50 0.3 18.51 30.01 15.00 

 III 64 14.81 0.2 28.57 43.38 21.69 

Cyperus rotundus I 1648 47.58 0.3 22.22 69.80 34.90 

 II 488 31.90 0.1 6.17 38.07 19.03 

 III 168 38.89 0.3 42.86 81.75 40.87 

Acmelia uliginosa I 128 3.70 0.05 3.70 7.40 3.70 

 II 24 1.57 0.02 1.23 2.80 1.40 

 III - - - - - - 

Cassia tora I 112 3.23 0.2 14.81 18.04 9.02 

 II - - - - - - 

 III - - - - - - 

Mimosa pudica I 152 4.39 0.15 11.11 15.50 7.75 

 II 2 0.13 0.2 12.34 12.47 6.23 

 III - - - - - - 

Portulaca oleracea  I 480 13.86 0.1 7.41 21.27 10.63 

 II 520 33.99 0.1 6.17 40.16 20.08 

 III - - - - - - 

Eleusine indica I 760 21.94 0.15 11.11 33.05 16.52 

 II 40 2.61 0.1 6.17 8.78 4.39 

 III - - - - - - 

Cyperus iria I - - - - - - 

 II 48 3.14 0.2 12.34 15.48 7.74 

 III - - - - - - 

Cyperus kyllingia I - - - - - - 

 II 88 5.75 0.3 18.52 24.27 12.13 

 III - - - - - - 

Euphorbia hirta I - - - - - - 

 II 40 2.61 0.1 6.17 8.78 4.39 

 III - - - - - - 

Fimbistylis miliacea I - - - - - - 

 II 80 5.23 0.1 6.17 11.40 5.70 

 III - - - - - - 

Note: D=density, RD=relative density, F=frequency, RF=relative frequency, IVI=important value index, SDR=summed dominance ratio  
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Figure 6. Dominant plant species found in type I ecosystem (A) Cyperus rotundus, (B) Eleusine indica, (C) Borreria laevis; type II (D) 

P. oleraceae (E) C. rotundus, (F) Amaranthus spinosus; type III (G) C. rotundus, (H) B. laevis, (I) A. spinosus 

 

 

 

Discussion 

Paddy ecosystem has various plant species grow in it. 

Therefore their interaction and diversity are very important 

to know in their natural habitat. The existence, abundance, 

and distribution of one species in an ecosystem are 

determined by the availability of resources and chemical 

and physical factors which are tolerable. It is not 

impossible that we could find a stable paddy ecosystem 

(Santosa and Sulistyo 2007; Mardiyanti et al. 2013). Plant 

species diversity indicates a measure that shows variation 

of plant species in a community. Dominance index is used 

to determine species richness and the balance of total 

individuals of each species in an ecosystem (Mardiyanti et 

al. 2013). Shannon-Wiener Index and Simpson Index do 

not grade diversity and dominance in the point of land 

condition. Based on the results of the research, Shannon-

Wiener index (H’) of plant species constructing the paddy 

ecosystems ranged 1.00 – 1.73. The value indicated that 

paddy ecosystem had a plant species diversity where the 

category was medium. That condition indicated that the 

ecosystems were balanced enough. The value of 1.0 < H’ < 

3.322 means that the diversity is medium, productivity was 

enough, ecosystem condition was balanced enough 

ecological stress was medium (Fitriana 2006).  
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 In general, there is a decrease in plant diversity at one 

period of time because each plant species need different 

time in completing its life cycle. Early diversity is shown 

by annual plants. Annual plants only need time one 

year/season to complete their life cycle. These plants could 

grow very fast and produce seeds within a short period. 

Then there was a shift of plant diversity constructing the 

ecosystem by biennial plants. The plants needed two 

seasons time in completing their life cycle, in the end, the 

diversity was shown by perennial plants. The plants were 

able to grow continuously for more than two seasons from 

the same root system (Mardiyanti et al. 2013). 

Based on the results of data analysis, Simpson 

dominance index (C) in observation ecosystems ranged 

from 0.03-0.08. Even though based on IVI, plants growing 

in each type of ecosystem there was dominance by certain 

species of plant. However, the dominance did not affect 

other plants. That case was proven by the result of data 

analysis of Simpson Index that showed no certain plant 

species dominance in the ecosystem, either in type I 

ecosystem, type II or type III. The condition indicated that 

the community structure was stable. According to 

Mardiyanti et al. (2013), the more stable the ecosystems the 

higher the species diversity, either on the general species or 

the rare species found as a result of adaptation to their 

environment. The diversity showed stability of a 

community. According to Karmana (2010), species 

diversity in a community would be relatively stable 

although disruption to the community. According to Marsal 

et al. (2015), in succesion process, plants and animals 

composition occupying an area also changed. The speed, 

course (direction) and succession composition are 

determined by available species and develop fast after 

disturbance. Some species would come and the most 

successful that adapt to the environment will dominate the 

new location. 

In this study, even though ecosystems observed were 

relatively the same i.e. paddy ecosystems. However, the 

species of plants found were different. The growth of plants 

in type II ecosystem was faster and diverse compared to 

type I and type III. In type II ecosystem, the land condition 

supported plant diversity. According to Herlinda et al. 

(2008), more diverse vegetation tends to have higher 

species diversity. This could happen because there had 

been seeds scattered and distributed in the land. This is 

supported by Nicholls and Altieri (2013) that weeds are 

plant community constructing ground stratification. 
Type I (Figure 3) shows that dominant species is Cyperus 

rotundus. In dominant non-crop vegetation found, Cyperus 

rotundus could serve as a shelter for some insects, a place 

for refugee, as an alternative host and as a feed for adult 

insects (Azmi et al. 2014). Weeds could stimulate more 

natural enemies and arthropods to come compared to 

agricultural lands without weeds (Hasyim 2012). More 

various vegetation tended to have more various species of 

fauna (Meidalima 2013). Type II (Figure 4) show species 

Portulaca oleraceae which was dominantly found. 

According to Van Veen et al. (2008) could function as a 

trapped plant or alternative host for herbivore insects. 

Therefore, it could decrease the population of herbivore 

insects on crops. Type III (Figure 5) show dominant 

species is Amaranthus spp. In the plant, Amaranthus spp 

encountered herbivore insects. The presence of herbivore 

insects depend on weeds growing around rice plants 

(Aminatum et al. 2010) 

Table 3 and Figure 6 show that dominant weed in all 

types of paddy ecosystems is Cyperus rotundus 

(Cyperaceae).  

Species richness and the balance of total individuals of 

each plant species in an ecosystem based on species 

dominance index (Mardiyanti et al. 2013). The dominance 

of Cyperus rotundus which belongs to Cyperus sp is caused 

by the means of its multiplication by seeds. This caused the 

plant to have a chance to grow and dominate other plants. 

This is supported by Suryaningsih et al. (2011) that family 

Cyperaceae highly adapted because it could multiplicate by 

seeds. According to Mardiyanti et al. (2013), the existence 

of plant seeds that could survive in and on the soil was 

potential seed bank. Plant seeds consist of new beans 

produced by plants that fall down to soil surface and able to 

survive inside. The seeds stored in soil would grow when 

the condition support the growth. Dominance could also 

happen because the seeds left in the soil that could survive 

in standing water at the time of land cultivation. According 

to Tanasale (2012), the weeds that could survive were the 

ones that could multiply vegetatively and generatively. 

According to Saharjo and Cornelio (2011), a species could 

dominate a community if the species could allocate more 

sources compared to other. An important value for weeds is 

as a source of feed for pollinating insects; therefore, it 

could enhance diversity (Carvell et al. 2007). Menz et al. 

(2011) stated that to construct a habitat for pollinating 

insects, weeds need to be planted.  

In conclusion, Shanon-Wiener Index ranged from 1.00 

– 1.73 which meant the diversity of plant species in paddy 

ecosystem in West Sumatra was medium. Dominance 

index ranged from 0.03 – 0.08 which meant there was 

species dominating other species. Plant species dominating 

type I ecosystem was Cyperus rotundus, Eleusine indica, 

Portulaca oleraceae, in type II were P. oleraceae, C. 

rotundus, Amaranthus spinosus, and in type III were C. 

rotundus, Borreria laevis, A. spinosus. 
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Abstract. Sulistyawati E, Fitriana S. 2017. Post fire succession in Tegal Panjang Grassland, Mount Papandayan, West Java, Indonesia. 
Biodiversitas 18: 1226-1233. Tegal Panjang is a grassland area surrounded by rainforest consisting of vegetation patches formed by fires 
occurring at different times. This condition presents a unique environmental setting allowing the study of vegetation succession after fire 
disturbance. The objectives of this research were (i) to determine the pattern of vegetative development and changes in environment 
conditions in post-fire grassland on five sites having different ages (6 months, 1 year, 2 years, 5 years and more than 10 year) and (ii) to 
examine whether post-fire succession in grassland allows the establishment of tree seedling. Measurements were conducted for 
vegetation composition, aboveground biomass and edaphic factors (soil pH, water content, bulk density and organic content) in each 
site. The pattern of vegetation development in the course of succession in Tegal Panjang grassland is marked by increasing biomass and 
height of the vegetation as the stand ages but with a slow rate of species diversification. No tree saplings were found in all sites despite 
its close distance to the forest. Recruitment limitation associated with repeated fire disturbance may explain the absence of tree saplings 
in the grassland.  

Keywords: Fire disturbance, grassland, Imperata cylindrica, succession 

INTRODUCTION 

Succession in ecology is the changing process of 
vegetative composition and environmental factors towards 
their climax community in response to a disturbance (Elliot 
et al. 2013). The process of succession occurs through 
several stages and is influenced by environment factors 
(Chapin et al. 2002). During vegetation succession, there 
are changes in physiognomy which indicate recovery 
processes after disturbance. Disturbance can be defined as 
a momentous event affected by temporal and spatial factors 
that cause changes in population, communities, 
ecosystems, resources and substrate availability or the 
physical environment (Pickett et al. 2009). Disturbance can 
be triggered by humans or can occur naturally. The impacts 
of disturbance to ecosystem depend on several factors such 
as the disturbance’s type, size, severity, timing, intensity, 
and frequency (Chapin et al. 2002). Based on its frequency, 
disturbance can occur once or repeatedly.  

Fire is one example of disturbance that has an important 
role on the dynamics of vegetation composition and 
nutrient-cycling (Sykes et al. 2001). Many studies have 
shown that repeated fire disturbances can lead to the 
creation of grassland (McKenzie et al. 2011; Veldman et al. 
2015; Zanne and Chapman 2001). While, natural grassland 
is usually found in warm climates where the annual rainfall 
is about 50.8 to 127 cm/year (Thomas and Orr 1999) and 
high soil bulk density (Molles 2008), the formation of 
grasslands in tropical regions are often associated with 
repeated burning induced by human activities (Guhardja et 
al. 2000).  

The path of succession after disturbance depends on the 
availability of seeds and time (Grubb 1977) allowed for 
succession to occur before another disturbance reset the 
process to the beginning. The availability of seeds depends 
on the seed sources (Chapin et al. 2002) which could come 
from seeds buried in the soil (seed bank) and seed 
dispersed from the surrounding (seed rain). As for seeds 
rain, the distance from the disturbed site to the nearby 
forest serving as the seed sources have been shown to be 
important in determining the outcome of succession 
(Cubina and Aide 2001; Jordano and Schupp 2000; 
Buisson et al. 2006). Despite the presence of seed rain, 
repeated disturbance could kill the incoming seeds and thus 
retard the succession (Slik et al. 2008; Marod et al. 2000; 
Brown and Johnstone 2012). 

Disturbance can occur partially in a landscape and 
therefore can create patches of sites with different timing of 
disturbances. Disturbance patches formed at a different 
time results in vegetation in various successional stages 
correlating with ages. The variation of the vegetative 
composition is formed by disturbances occurring at 
different time can be used to understand the pattern of the 
vegetation development during the course of succession. 
Such an approach to study the vegetation development is 
called chronosequence method. Referring to Walker et al. 
(2010), chronosequence is a tool to compare several sites 
that formed in different time and have same parent material 
or substrate.  

Tegal Panjang is a grassland area located in Mount 
Papandayan Nature Reserve. Van Steenis (1972) reported 
that Tegal Panjang was grassland formed by human-made 
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fire disturbances. According to the van Steenis’s account, 
this area was located within the traditional trading route 
connecting Pangalengan plateau and Garut’s Valley and 
served as a strategic spot for the travelers to take a rest. 
Fire were initially used by travelers for both hiding from 
dangerous animals and creating hunting ground for deer, 
mouse deer, and buffalos. The repeating burning occurring 
for many years has eventually led to the formation of larger 
open areas of grassland dominated by Imperata cylindrica. 
Since van Steenis era, only very few vegetation study 
conducted in Tegal Panjang; one of them is by Sulistyawati 
et al. (2005) which described plant diversity in Tegal 
Panjang grassland.  

Until recently, a fire still frequently occurs in Tegal 
Panjang especially during dry periods. The timing and 
extent of fires occurring in Tegal Panjang vary from time to 
time thus creating patches of grassland with different ‘ages’ 
since the last fire. In this research, we used the grassland 
patches of different ages to study the pattern of vegetation 
succession after fire disturbance in Tegal Pajang. The 
succession will also be examined by taking into account the 
presence of forest surrounding the grassland of Tegal 
Panjang which could potentially serve as a seed source. 
The objectives of this research were (i) to determine the 
pattern of vegetative development and changes in 
environment conditions in post-fire grassland on five sites 
having different ages (6 months, 1 year, 2 years, 5 years 
and more than 10 years) and (ii) to examine whether post-
fire succession in grassland allows the establishment of tree 
seedling. 

MATERIALS AND METHODS 

Study area  
This research was conducted in the Tegal Panjang 

grassland (07°16’ S latitude and 107°43’ E longitude) 
located on Mount Papandayan Nature Reserve, Garut 
District, West Java, Indonesia (Figure 1). The elevation of 
Tegal Panjang is 2052 meters a.s.l. The total area of Mount 
Papandayan Nature Reserve is 6,807 Ha (Anon 2015). The 
climate in this area is type B according to the Schmidt and 
Ferguson classification, with monthly rainfall ranging from 
9-650 mm in the rainy season and 0-175 mm in the dry 
season (Sulistyawati et al. 2012). The total area of Tegal 
Panjang grassland is ±19 Ha. Tegal Panjang grassland has 
patches with different ages caused by the different times of 
fire disturbance. The age of each patch is determined by 
obtaining information from the local people of Mount 
Papandayan. The research was conducted in five sampling 
sites selected based on the age since the last fire, i.e. 6 
months, 1 year, 2 years, 5 years, and more than 10 years 
(Figure 1). The estimated size of each sampling site was 
approximately 2.3 ha, 2 ha, 3 ha, 2.8 ha and 1 ha for 6 

month, 1 year, 2 year, 5 year, and more than 10 year-site, 
respectively. 

Procedures  
Data collection was conducted during April 2015 to 

July 2015. In each sampling site, measurement was 
conducted in fifteen 2m x 2m plots. The plots were 
distributed using stratified random sampling method by 
locating plots on three zones based on the perpendicular 
distance from the forest edge, i.e. 25m, 50m, and 75m. For 
each zone, five plots were randomly distributed along the 
line parallel to the forest edge. The data collected from 
each plot were coverage for herbaceous plants and shrubs, 
and total of individuals for shrubs and saplings. We used 
Daubenmire classification (Table 1) for estimating 
coverage of herbs and shrubs (Barbour et al. 1999); 
coverage midpoint was used as the basis for calculation. 
Analysis of edaphic factors (soil pH, water content, bulk 
density and organic content) were conducted on all 
sampling sites. In each site, three sampling points were 
located randomly to collect soil samples using core-
samplers and soil auger. Aboveground biomass was 
measured using a destructive method on five 0.5m x 0.5m 
plots located randomly in each sampling site. All plants 
(herbaceous plants, shrubs, and saplings) were identified to 
species level. Specimen identifications were confirmed 
with the collection of Herbarium Bandungense, Institut 
Teknologi Bandung, West Java, Indonesia.  

In terms of data analysis, several indices were 
calculated, i.e. that is important value index (IVI) and 
Shannon-Wiener diversity index (H’). IVI is used to 
determine the overall importance of a species in the 
community using its relative coverage that positively 
correlates with the abundance of each species and their 
relative frequency as below (Krebs 2014). 

 
Importance Value Index = Relative Abundance (%) + 

Relative Frequency (%) 
H’ =-∑ Pi ln Pi 
 
H’= Shannon-Wiener diversity index 
Pi = proportion of total sample belonging to the ith 

species 
ln = natural log1 

 
Table 1. Daubenmire’s coverage classification (Barbour et al. 
1999) 
 
Code Coverage range (%) Coverage midpoint (%) 
6 95-100 97.50 
5 75-95 85.00 
4 50-75 62.50 
3 25-50 37.50 
2 5-25 15.00 
1 0-5 2.50 
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Figure 1. Location of Tegal Panjang at Mount Papandayan, West Java, Indonesia (above) and the five sampling sites of observation (6 
months, 1 year, 2 years, 5 years and >10 years) (below) (Google Earth 2011) 
 
  
 

RESULTS AND DISCUSSION 

Biomass, physiognomy and edaphic factors 
At all sampling sites, we found only ground vegetation 

consisting of herbs and shrubs with no trees. To describe an 
overall vegetation development, we present firstly biomass 
of the stand consisting of individual of all species found in 

the sampling sites (Figure 2.A) and secondly, the height of 
Imperata cylindrica stand (Figure 2.B). It is important to 
note that despite having varying successional age, all 
sampling plots had full vegetation cover consisting of a 
number of species but dominated by Imperata cylindrica in 
the majority of sites except in the >10 years-site. Due to its 
dominance, the height of Imperata cylindrica was taken to 
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represent the stand height. Therefore, instead of using 
vegetation cover, we uses the height of Imperata cylindrica 
stand to describe the overall vegetation development. 
Figure 2 suggests that the stand biomass and height 
increased as the sampling site age increased (Figure 2). The 
differences in terms of biomass and height between the six-
months and one-year sites were relatively subtle and after 
that the increase became noticeable. All parts of Tegal 
Panjang grassland have been subjected to fire with varying 
duration since the last burning, so there is no unburnt site in 
this area. The oldest vegetation regenerating from fire is the 
> 10 year-site. Pattern from those two graphs indicates the 
biomass accumulation associated with increased time of 
succession. As we were not able to identify the timing of 
fire in the >10 year-site, the assessment of the rate of 
biomass accumulation can only be made with reference to 
the 5 year-site. Taking this perspective, the average rate of 
biomass accumulation in the first five years of succession 
was 0.43 ton ha-1 year-1. The biomass accumulation in this 
grassland succession is considered low compared with a 
secondary succession of a forest. For example, the biomass 
accumulation in a secondary succession of forest in the 
upper Rio Negro of Colombia and Venezuela is 4.4 ton ha-1 

year-1 in the first 10 year (Saldarriaga et al. 1988). 
Table 2 presents edaphic factors at sampling sites as 

well as the adjacent forest area respresenting an 
undisturbed condition. In general, pH levels in all the 
grassland and forest sites were within in a narrow range 
(6.15-6.97) indicating no significant difference among the 
sites. The sites in early successional stage (six months and 
one year) tended to have lower soil water content than the 
older and forest sites, except in the five-year site. The > 10 
year-site had the highest soil water content. It was even 
higher than the forest site due to the proximity of the > 10 
year-site to a swamp.  

For bulk density and soil organic content, the condition 
of the forest site differed markedly with the grassland sites. 
The bulk density of grassland sites are higher than the 
forest site, whereas the soil organic content in the forest 
was higher than the grassland sites. The high bulk density 
in a post-fire site such as Tegal Panjang grassland is related 
to the damage on soil caused by the fire. Fire disturbance 
causes a loss of soil holders (such as roots), damages to the 
soil aggregates, and a decrease of the soil pores and all lead 

to an increase in soil bulk density (Kennard, et al. 2008). 
Meanwhile, the low soil organic content in grassland site 
seems to relate with a lower input of litter falls compared 
with the forest site.  
 
Vegetative composition 

A total of 37 species of herbaceous plants and shrubs 
from 22 families were found in all sampling sites. Family 
Asteraceae and Poaceae had the highest number of species 
(seven species per family) (Table 4). Herbaceous plants 
represented the highest species richness in this area. 
Grassland areas are free from covering canopies which lead 
to an exposure of sunlight, therefore this area is inhabited 
by vegetation that can survive in this condition (such as 
herbaceous plants and shrubs) (Chapin et al. 2002).  

When the species diversity among sampling sites are 
compared, species richness among the sites was not much 
different (Figure 4.A), while the Shannon-Wiener diversity 
indices varied among sites (Figure 4.B). The range of 
species richness was quite narrow, i.e. 17 (6-month site) 
and 21 (>10-year site), and this suggests that diversification 
in plant species as succession progress in Tegal Panjang 
grassland occurred slowly. The low level of plant species 
diversity was also found in the earlier study at Tegal 
Panjang grassland by Sulistyawati et al. (2005). Based on 
the measurement of 22 one-meter-square plots, 
Sulistyawati et al. (2005) found the range of plant species 
richness was between four to 12 species per plot. In terms 
of Shannon-Wiener diversity index, the oldest site (>10 
year-site) had the highest level of diversity. This could 
indicate more even distribution of abundance among 
species composing the communities and decreasing role of 
dominant species as succession progressed.  
 
Table 4. Species richness of herbaceous plants, shrubs, and 
saplings at Tegal Panjang grassland, Mount Papandayan, West 
Java, Indonesia 
 
Life form Number of species Number of families 
Herbs 34 20 
Shrubs 3 2 
Saplings 0 0 
Total 37 22 

 
  

 
A B 

 

Figure 2. Plant biomass and physiognomy in Mount Papandayan, West Java, Indonesia. A. Stand biomass (left), and B. Imperata 
cylindrica stand height (right) in all sampling sites 
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A B 
 

Figure 4. A. Species richness per site (left), and B. Shannon-Wiener diversity index per site (right) in Mount Papandayan, West Java, 
Indonesia 
 
 
 
Table 2. Edaphic factors of grassland and forest sites in Mount Papandayan, West Java, Indonesia 
 
Faktor 6 months 1 year 2 years 5 years >10 years Forest 
pH 6.87 ± 0.05 6.87 ± 0.05 6.60 ± 0.16 6.97 ± 0.05 6.47 ± 0.09 6.15 ± 0.05 
Water content (%) 53.00 ± 0.05 66.00 ± 0.01 85.00 ± 0.01 54.00 ± 0.06 91.00 ± 0.20 87.00 ± 0.01 
Bulk density 0.60 ± 0.08 0.40 ± 0.05 0.53 ± 0.10 0.47 ± 0.06 0.57 ± 0.06 0.21 ± 0.03 
Soil organic content (%) 19.00 ± 0.01 17.00 ± 0.02 21.00 ± 0.00 15.00 ± 0.02 17.00 ± 0.01 25.00 ± 0.02 
 
 
 
 

  
 
Figure 5. Important value indices (IVI) in each site in Mount 
Papandayan, West Java, Indonesia. Note that in each site, only 
four species having the biggest IVI are listed and the rest are 
lumped into “other species” group. 
 
 
 

The shifting of species dominance can be seen from the 
distribution of important value index (IVI) presented in 
Figure 5. Imperata cylindrica was dominant in all sites, 
except in the oldest site (> 10-year site). In the oldest site, 
Kyllinga melanosperma and Agrostis infirma replaced the 
strong domination of Imperata cylindrica in the younger 
sites. As the oldest site had high soil water content 
associated with proximity to a swamp, it provided an 
environmental condition that enables plants suitable to wet 
habitat to grow and compete with Imperata cylindrica. 

Therefore, the age of site indicating the duration of 
succession may not be the only factor determining the 
lesser dominance of Imperata cylindrica.  

Species distribution 
Table 5 presents the distribution of plant species among 

sampling sites with coverage of each species. We found six 
species occurring on all sites; one of them is Imperata 
cylindrica. As already presented in Figure 5, Imperata 
cylindrica dominated the grassland community of different 
successional stages. Other species found in all sites include 
Pteridium aquilinum, Eragrostis nigra, Eupatorium 
riparium and Gonostegia hirta. Those species are 
commonly found in an open area with high levels of light 
exposure, disturbance area and high altitude (Marrs and 
Watt 2006; Chaisongkram et al. 2013; Tripathi and Yadav 
1987). 

Meanwhile, there were 15 species (herbaceous plants 
and shrubs) found only in one site; 11 of them were found 
only in the >10-year site. Most species found only in the 
>10-year site are species known to live in wet areas, i.e. 
Alchemilla vilosa, Equisetum debile, Galium subtrifidum, 
Ischaemum timorense, Lonicera acuminata, Plantago 
major dan Polytrias Indica (Quattrocchi 2006; Araujo et al. 
2014). The occurrence of those species is in agreement 
with the soil data presented earlier showing that the >10-
year site had very high soil water content. Sixteen species 
were distributed in three to four sites and six species were 
found only in two sites. Therefore, there were 22 plant 
species occurring in more than three sites. Those species 
can be considered as having wide distribution in the Tegal 
Panjang grassland community.  



SULISTYAWATI & FITRIANA – Post fire succession in Mount Papandayan Grassland, Indonesia 

 

1231

  
Table 5. Species occurance and average coverage in all sites at Tegal Panjang grassland, Mount Papandayan, West Java, Indonesia 
 

Species Herb/ Shrub Average of species coverage/site (%) 
6 mo 1 y 2 y 5 y > 10 y 

Adiantum tenerum Sw. Herb 2.50         
Ageratina adenophora (Spreng.) R.M.King & H.Rob. Herb 0.17       1.00 
Ageratum conyzoides Herb       0.33   
Agrostis infirma Buse Herb     10.50 0.50 26.17 
Alchemilla villosa Jungh. Herb         0.33 
Anaphalis javanica (DC.) Sch.Bip. Shrub         0.50 
Austroeupatorium inulifolium (Kunth) R.M.King & H.Rob. Shrub   0.33       
Centella asiatica (L.) Urb. Herb 0.50 0.33 1.17 0.33   
Cheilanthes tenuifolia (Burm. f.) Sw. Herb   0.17 0.17     
Emilia sonchifolia (L.) DC. ex DC. Herb 0.17   0.50 0.17   
Equisetum debile Roxb. ex Vaucher Herb         1.83 
Eragrostis nigra Nees ex Steud. Herb 2.67 0.50 2.17 0.80 0.17 
Eupatorium riparium Regel Herb 0.67 1.50 2.17 0.17 0.83 
Galinsoga parviflora Cav. Herb     0.17     
Galium subtrifidum Reinw. ex Blume Herb         0.33 
Gnaphalium luteoalbum L. Herb 0.17   0.83 0.50   
Gonostegia hirta (Blume ex Hassk.) Miq. Herb 4.33 5.67 8.50 1.17 0.83 
Haloragis micrantha (Thunb.) R.Br. ex Sieb. & Zucc.  Herb   0.33 1.17 8.83   
Hypericum leschenaultii Choisy Shrub 0.33 0.17   0.33   
Imperata cylindrica L. Rauschel Herb 85.00 85.00 95.83 97.50 28.50 
Ischaemum timorense Kunth Herb         0.50 
Kyllinga melanosperma Herb         42.00 
Lonicera acuminata Wall. Herb         0.33 
Parochetus communis D. Don Herb         0.17 
Plantago major L. Herb         3.50 
Plectranthus teysmannii Miq. Herb 4.83   3.50 1.50   
Polygonum nepalense var. adenothrix Nakai Herb 1.33 0.67 0.17     
Polytrias indica (Houtt.) Veldkamp Herb   0.00     0.83 
Pteridium aquilinum (L.) Kuhn Herb 2.83 1.00 0.83 0.50 1.33 
Ranunculus blumei Steud. Herb 0.17   1.00     
Sagittaria guayanensis Kunth. Herb       0.33 7.83 
Saturela umbrosa (Bieb.) Scheele Herb         0.17 
Scutellaria discolor Benth. var. cyrtopoda (Miq.) Adelb. Herb   0.83 0.33 0.17   
Thelymitra javanica Blume Herb     0.33 0.17 0.17 
Unidentified 1 Herb   0.17       
Unidentified 2 Herb 0.67 0.33 0.17 1.17 0.33 
Wahlenbergia marginata (Thunb.) A.DC. Herb 0.50 0.50 0.17 0.50   

 
 
 
 

As suggested by the data in Tabel 5, this study did not 
find any tree seedling/saplings or adult trees in all sampling 
sites. A similar finding was also reported in the earlier 
study by Sulistyawati et al. (2005). In general, Tegal 
Panjang grassland has only a few individual trees found 
mainly on the site close to the waterways flowing across 
the middle part of the grassland area (not part of the 
sampling sites). Those trees could have been survived 
because the fire did not reach the wet areas along the water 
ways.  

Succession dynamics in Tegal Panjang grassland  
Repeated burning has been the major driver leading to 

the formation of Tegal Panjang grassland since more than 
100 years ago (van Steenis 1972). Although our research 
did not measure the frequency of fire, many of our local 
informants suggest that repeated fire has still occurred until 
recently. Grassland is known as area easily caught by fire 

and degraded by invasive species. Frequent fire limits the 
abundance of trees and shrubs and promotes herbaceous 
productivity (Veldman et al. 2015). The absence of trees 
seems to affect the input of organic matters from litterfalls 
and necromass resulted in lower soil organic content than 
in the nearby forest. The open canopy condition also 
increases the risk of soil erosion which could also lower the 
soil organic content of grassland. There were patchy 
environmental conditions in Tegal Panjang grassland with 
respect to soil humidity. The oldest site (>10-year site) had 
the highest soil water content. Although this study is not 
able to precisely describe the frequency of fires in different 
parts of Tegal Panjang grassland, however, the wet 
condition of the >10-year site can be expected to create 
condition preventing fires and thus allowing succession to 
take place in a longer time than other sites.  

The pattern of vegetation development in the course of 
succession in Tegal Panjang grassland is marked by 
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increasing biomass and height of the vegetation stand but a 
slow rate of species diversification. Having 17 plant 
species in early succession site (6 months), the oldest site 
had only 21 species (>10-year site). All species were 
herbaceous plants and shrubs with no tree saplings. The 
low diversity indices (>= 1.1) in young sites are due to a 
strong domination of Imperata cylindrica grass since the 
beginning of succession. Imperata cylindrica is considered 
as the worst weed in southern Asia (Garriety et al. 1997) 
because of its ability to adapt to a wide range of ecological 
conditions such as wide range of nutrients, moisture, and 
soil pH level (Santoso et al. 1997). Imperata cylindrica 
reproduces in two ways, sexually from seeds and 
vegetatively by rhizomes. This species commonly flowers 
after an exposure to stress such as burning and drought. 
The invasive nature of Imperata cylindrica is also 
attributed to its rhizomes that can grow up to >20 cm deep, 
is resistant to fire and have a high regenerative ability as 
well as its ability to compete with other plants by spreading 
its allelopathic mechanical protection through its roots 
(Ivens 1980; Ohta 1990; Smith et al. 2006). Having such 
characteristics, Imperata cylindrica can quickly establish 
after fire and supress the development of other species in 
Tegal Panjang.  

Tegal Panjang grassland is surrounded by forest which 
potentially serves as seed resources for invading the post-
disturbance sites. The composition of trees in the forests 
surrounding Tegal Panjang grassland based on Sulistyawati 
et al. (2005) includes Distylium stellare, Cyathea latebrosa, 
Engelhardia spicata and Macropanax dispermus. 
Surprisingly, there were no tree seedlings and saplings 
including of those species found on the grassland sites. 
This finding is different from the succession studies 
conducted in other parts of Mount Papandayan. Utami 
(2010) (unpublished data) and Wetadewi (2015) 
(unpublished data) studied succession in abandoned fields 
near forest edge and found several species of tree saplings 
in areas within 200 m from the forest edge. Unlike the 
grassland of Tegal Panjang, the abandoned fields studied 
by Utami (2010) and Wetadewi (2015) were not subjected 
to repeated fire disturbance. Due to proximity to the forest, 
tree saplings found in Utami’s and Wetadewi’s sites could 
have originated from the trees in the forest nearby (seed 
rain).  

The finding of this research in that no tree saplings 
found even in the sites that have undergone succession for 
more than two years can represent a condition of arrested 
succession. Dispersal limitation and recruitment limitation 
of seeds are known as factors that can cause a post-
disturbance area to be arrested. Limitation of dispersal 
causes depauperate seed bank (Boyes 2011). Despite the 
seeds present in surrounding forests, the frequent fires may 
cause the soil condition to be unsuitable for seeds to 
germinate and create low seed densities in this area 
(Gunaratne et al. 2014). Although, no information on the 
extent of seed dispersal from the surrounding forest, 
recruitment limitation associated with repeated fire 
disturbance may explain the absence of tree saplings in the 
grassland of Tegal Panjang. Arrested succession due to a 
frequent fire occurring in Tegal Panjang make the study 

area be classified as a fire-climax grassland. Fire-climax 
grassland is inhabited by a fire-climax community which is 
maintained by periodic fires (Park 2007). 
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Abstract. Withaningsih S, Parikesit, Iskandar J, Megantara EN. 2017. Breeding behavior of different raptor species in human modified 
landscape. Biodiversitas 18: 1234-1242. Raptors are important birds which sensitive to environment and mostly used as best indicator 
for knowing the health of the ecosystem. The breeding period is a critical phase for raptors and seems to be difficult leading to the status 
of those birds as an endangered species. The nest site selection is of importance to the success of raptor nesting program. Of this reason, 
the use of human-modified landscape as one of nesting location for raptors, located in Panaruban and Telaga Warna landscape, West 
Java, Indonesia has been assessed to know the breeding behavior among raptors. The aim of the study was to analyze the nest site, 
nesting period, and nest placement of raptors in human-modified landscape in Panaruban and Telaga Warna. The relationship among 
raptor nest occurrences was analyzed using four circular buffers at distances of 250, 500, 750 and 1000 m around each nest-tree. Data 
was collected by descriptive analysis and Geographical Information System (GIS) mapping. The four species of raptors i.e. the Javan 
Hawk Eagle (Nisaetus bartelsi syn. Spizaetus bartelsi), the Changeable Hawk-eagle (Nisaetus cirrhatus syn. Spizaetus cirrhatus), the 
Crested Serpent Eagle (Spilornis cheela), and the Indian Black Eagle (Ictinaetus malaiensis) showed to select nesting sites in different 
places. The landscape structure at different scales around the nest may contribute to the varied characteristics of nest site selection. The 
raptors had a different time of the breeding period in the same landscape. These differences might be a part of the strategy to decrease 
competition among raptors. 

Keywords: Human modified landscape, Indonesia, Java, nesting period, nesting site, raptors  

INTRODUCTION 

Raptors have the role as "umbrella" species and some of 
them are known as "key" species. That role is related to the 
fact that the birds are mostly rare and charismatic. They sit 
at the top of the food chain and also as indicators of 
ecosystem health (Newton 1979; Donazar et al. 2002; 
Sergio et al. 2005; Poirazidis et al. 2007). Raptors had 
benefited from the various types of the ecosystem in the 
same landscape due to their wide range of flying areas. On 
the other hand, raptors are very sensitive to ecosystem 
changes, and vulnerable to pollution, so that the initiation 
of raptors conservation is very important. The conservation 
of raptors is an effort to protect raptors existences as well 
as to maintain the ecosystem health, which may have a 
direct impact on the global environmental conservation and 
further better life of human being.   

Raptors are categorized as focal species which sensitive 
to the environmental changes. Therefore, comprehensive 
studies of raptors in term of the habitat characteristic 
related to the success of raptor reproduction are very 
crucial. Moreover, raptors are territorial and long-lived, 
having large nests frequently used year after year, which 
causes raptors as an ideal subject of study and conserved 
target. The habitat features related to the reproduction and 
fitness of raptors, and other bird species are well studied 
(Moller 1991; Newton 1991; Korpimaki 1992; Ens et al. 
1992). Due to their mobility, raptors have the opportunity 

to visit many different patches and assess their relative 
quality. Thus, they potentially have the opportunity to 
select a habitat, which maximizes their annual reproductive 
output and lifetime reproductive success (Selas 1997; 
Kruger 2004). 

One of the critical factors for all species in the world is 
their habitat sustainability and availability (Morrison et al. 
1992; Lindenmayer and Fischer 2006). Furthermore, 
understanding the suitable habitat for a particular species is 
important to recognize the impact of landscape changes for 
those species (Clark and Shutler 1999; Ortego 2007). 
Moreover, the habitat disappearance due to the 
transformation of protected forests to other land uses is the 
main factor declining the species number and the 
disappearance of certain species in nature (Gibbons et al. 
2000; Sala et al. 2000; Primarck 2001; Lindenmayer and 
Fischer 2006). The transformation of the land use may 
cause habitat disappearance, and this becomes the main 
reason for the decreased number of biodiversity in recent 
years (Soule 1991; White et al. 1997).  

The habitat selection of an organism in certain sites 
causes the different usage of specific resources, which may 
influence the resource availability (Hall et al. 1997). The 
distribution of animal species occurring at different spatial 
scales is the outcome of this process (Martinez et al. 2003). 
The habitat selection and distribution can be influenced by 
the occurrence of predators and intraspecific competition as 
well as interspecific competition (Newton 1998; Katzner et 
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al. 2003; Martinez et al. 2008; Sergio and Hiraldo 2008). In 
addition, the positive interactions among different species 
may also contribute to the habitat selection and distribution 
of species (e.g. Sergio et al. 2004) or con-specifics (Parejo 
et al. 2005; Sergio and Penteriani 2005). 

The habitat selection and the raptor distribution at 
different spatial scales are being intensively studied 
because of their large sizes and conspicuous behavior 
(Penteriani et al. 2001). Moreover, raptors are classified as 
vulnerable species (Birdlife International 2004), so that the 
comprehensive ecological data of this species is required 
for further conservation and management purposes 
especially for biodiversity indicators (Newton 1979; Sergio 
et al. 2005). In addition, these birds are top predators in 
food chains (Sergio et al. 2005; Brambilla et al. 2006), so 
that they are subjected to many studies focusing on inter-
and intra-specific competition (Katzner et al. 2003; Sergio 
et al. 2003; Vrezec and Tome 2004; Martinez et al. 2008). 
One of four raptor species observed in this study was Javan 
hawk eagle (Nisaetus bartelsi syn. Spizaetus bartelsi) that 
is known as an endemic species in Java with now in status 
of an endangered species. The population of this species 
decreases every year because of illegal hunting and 
deforestation. Another three observed raptors were 
Changeable Hawk Eagle (Nisaetus cirrhatus syn. Spizaetus 
cirrhatus), Black Eagle (Ictinaetus malaiensis) and Crested 
Serpent Eagle (Spilornis cheela). The status of these 
raptors is under the protection of Indonesian law (e.g. 
National Law Number 5, 1990) and noted as vulnerable 
species by IUCN.  

Of these reasons, this study will focus on the 
implication of landscape structure with human intervention 
toward the presence of several raptors. In this regard, the 
human intervention is indicated by the changes of 
landscape structure becomes more heterogeneous, so that it 
is known as modified human landscape. Therefore, the aim 
of the study was to analyze the raptor nest including nest 
site, nesting period, and nest placement located in human-
modified landscape in Panaruban and Telaga Warna.   

MATERIALS AND METHODS 

Study area  
The research was conducted in Panaruban and Telaga 

Warna areas (Figure 1). Panaruban is located in the 
Tangkuban Perahu Mountain. Administratively, the 
location is a part of Desa Sagala Herang in the District of 
Subang, West Java Province, Indonesia. The area for the 
research covers 24,200 ha including natural forest 
(41.13%) in Tangkuban Perahu Mountain, mix garden or 
production forest (25.55%), Nusantara Plantation Ltd. or 
called Perusahaan Terbatas Perkebunan Nusantara 
(PTPN) XIII (23.42%), paddy field (4.88%) and the local 
village of Desa Panaruban with the population of 4.195 
people (3.7%) and other used like pines and open space 
(1.39%). Panaruban is one of the areas in Java Island, 
which has a moderate climate and mountainous, tropical 
forests. This is why the area is ecologically important due 
to its richness in biodiversity. Telaga Warna is located in 

the Puncak area (administratively the location is part of 
Subdistrict of Cisarua, in the District of Bogor, West Java 
Province, Indonesia). The area for the research covers only 
4,300 ha which is covered by open space (6.04%), tea 
plantations (10.44%), lake (16.9%), production forest 
(32.25%) and natural forests (34.27%) as a part of Nature 
Reserve Mt. Mega Mendung and Mt. Hambalang Telaga 
Warna area is only 20% that of Panaruban, but the numbers 
of pairs of raptors occupying Telaga Warna is quite 
numerous.  

Data collection  
The data collection was divided into three phases: (i) 

determining the presence of several raptors, (ii) searching 
and mapping the nests of the bird, and (iii) determining the 
observation points. The field survey was conducted for the 
first phase. The survey first covered a very large area and 
then concentrated in smaller areas (certain areas where the 
birds were usually found) to ensure the survey would be 
effectively conducted (Bibby et al. 2000). The presence of 
raptors in Panaruban areas was examined by undertaking a 
survey of specific techniques focusing on a certain area. 
The researcher conducted the survey from the top of the 
hill (for 90-degree views) so that the top trees canopy and 
the predator birds flying could be observed from strategic 
posts with open-area position (Thiollay 1996). The study 
was conducted on four observation stations in each location 
(Panaruban and Telaga Warna). Systematic surveys were 
conducted for 3 years in order to locate the occupied 
breeding territories and active nest, using the onset of the 
breeding season as a starting point for each species. The 
data collection included the name of species, number of 
individuals, location, coordinate, the time and duration of 
contact time. Total contact time with the four eagles in 
Panaruban of 21,600 minutes and three eagles in Telaga 
Warna is 10,800 minute.  

Data analysis  
Data analysis used in the study was the qualitative 

method by using descriptive analysis and the quantitative 
one by applying Geographical Information System (GIS) 
for a map of SPOT 5 using open sources software (Grass). 
The study used four circular buffer at distances of 250, 500, 
750 and 1000 m around each nest-tree to analyze the 
relationship among raptors' nest occurrences. Based on 
raptors and landscape data, spatial analysis was examined 
to discover the competition among raptors in the study 
area.  

RESULTS AND DISCUSSION 

The existence of the Javan Hawk Eagle nests in human-
modified landscape of Panaruban has been known since 
1998: the natural forests of Blok Ciasem. The breeding 
period of the Javan Hawk Eagle was started in June 1998 
and it was continuously be managed to produce Javan 
Hawk eaglets. In 2001, the nest of the Javan Hawk Eagle 
was moved from a previous branching tree of kitambaga 
(Eugenia cuprea) to another new branch above the old one.   
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Figure 1. Study area in West Java, Indonesia. 1. Panaruban, Subang District, 2. Telaga Warna, Bogor District 
 
 
 
 
This was because the old branching tree of the Javan Hawk 
Eagle nests laid in the previous year became brittle and 
broke. After the Javan Hawk Eagle had moved the nest, the 
couple started to breed again in late July and laid eggs in 
early September. However, the Javan Hawk Eagle breeding 
in 2001 was not successful because, at the end of October, 
the incubated eggs were pecked by raptors Sikep Madu 
Asia or Crested Honey Buzzard (Pernis ptilorhyncus 
orientalis), which migrated through Panaruban. 

In 2003, the same pair of the Javan Hawk Eagle began 
to breed in May and laid eggs in June, but there was 
another failure marked by the disposal of the eggshell, 
which failed to be incubated by the female. Based on the 
preliminary research results, failure in the incubating 
period by the female was caused by the thinning of the 
eggshell (the result of laboratory analysis of samples taken 
from the egg shells under the nest), which was usually 
caused by the elevated levels of pesticides on eggshells. 
The thinning of eggshells caused the eggs to become 
brittle, and when the female tried to incubate them, they 
became broke, resulting in the failure of incubation. 
However, the Javan Hawk Eagle did another breeding 
activity and managed to lay eggs for the second time in the 
same year in July. After going through a period of 
hatching, the eggs hatched and produced eaglets, but not 

long after, the eaglets died. It was probably caused by the 
bad weather conditions. The influence of the bad weather 
in the form of continuous rainfall was explored on the type 
of Crested Caracara (Caracara cheriway), proving that the 
continuous rain caused breeding failure. This was because 
the raptors had difficulties in obtaining food for their 
eaglets resulting in the eaglets’ death (Morrison et al. 
2009). 

In 2007, the Javan Hawk Eagle moved its nest to 
another tree, still in the same type, with a distance of 
approximately 50 meters east of the old nest. The 
relocation of the nest was caused by the brittle-retaining 
branch, which eventually broke so that the Javan Hawk 
Eagle could not build a nest in the tree. Until 2010, this 
nest was the one used by the Javan Hawk during breeding. 

Data related to the existence of Changeable Hawk-eagle 
nest on an eucalyptus tree in Kaletes Blok which served as 
a mixed-garden were identified in 2003 and in that year the 
breeding of the Changeable Hawk-eagle managed to 
produce eagles in sub-adult phase, which then left the 
human modified landscape of Panaruban. Then, every year 
the Changeable Hawk-eagle couple bred at the same nest; 
however, in 2009 they moved the nest to a tree about 50 
meters to the south, located in Kaletes Blok which served 
as the secondary succession area and was adjacent to 
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natural forests Ciasem Block, still on the same type of tree. 
The relocation of Changeable Hawk-Eagle nest might 
happen due to the drop of the eaglets from the nest because 
of the high human activity under the tree. This activity was 
caused by the footpaths created by the people living in the 
surrounding areas, just below the eagle's nest. In 2003, the 
area under the eagle's nest was vacant, never used by 
passers by, and covered by bushes. Then in early 2009, the 
locals created a footpath to shorten the path leading to the 
forest just below the Changeable Hawk-eagle nest tree. 
Once footpaths have been opened, people went to the 
natural forest passing under the Changeable Hawk-eagle 
nest almost every day. That was why the couple moved the 
nest. Although not so far from the first nest, it was 
relatively safer because it was far from the path used by the 
locals.   

The existence of the Black Eagle has long been known 
in the Panaruban landscape, but the existence of nest trees 
in the mixed garden was only known in 2010 based on the 
information from the locals around the area. The behavior 
and breeding period for the Black Eagle in this landscape 
has not been observed in more detail because, at the time 
discovery, the Black Eagle's nest was not used anymore. 
Based on the literature, it is estimated that the breeding 
period of Black Eagle in Java Island started in May (Mac 
Kinnon and van Balen 1998), but more detailed 
information about the breeding period of Black Eagle in the 
Panaruban landscape was not clearly known, yet. 

The existence of Crested Serpent Eagle in the 
Panaruban landscape was first known in 2007; however, in 
2008 the nest has been abandoned. It was in 2009 that the 
Crested Serpent Eagle built another nest in the same block 
and on the same type of tree, but it was shifted 50 meters to 
the southwest. The nest relocation of Crested Serpent Eagle 
happened due to the new pathway track that was opened by 
locals under the nesting tree. Another disturbance, such the 
theft of the Crested Serpent Eagle' eaglets by poachers, also 
damaged the nest.  

The nest relocation of Javan Hawk Eagle, Changeable 
Hawk-eagle, and Crested Serpent Eagle to a new place, 
which is still located in the same area nearby the original 
nest, is caused by different factors. Some researchers claim 
that the selection of the nest's sites by raptors is influenced 
by several factors such as the physical structure of the 
nesting tree (Rhodes and Richmond 1985), the risk of 
predators (Hatchwell et al. 1999), and the availability of 
food around the nest (Wiehn and Korpimaki 1997). 
Additionally, other researchers show that the selection of 
the nest is an adaptive trade-off between the effort 
exhausted to find and maintain the nest with a reproductive 
advantage in the form of the success in the reproduction 
process in that place (Pulliam 1989; Wood and Bjorndal 
2000). Based on these results, it can be concluded that the 
area around the three types of raptors nests were areas that 
had been deemed suitable to build nests, but because of a 
disturbance, either by nature (the breakage of the nesting 
branch) or by human activity (the creation of pathway 
around the nesting tree or the poaching of the Eagles' 
eaglet) then a relocation to another nesting tree still in the 
same area was needed (Table 1).  

In general, the breeding period is divided into four 
periods: the period to build nests, lay eggs, hatch, and 
nurture the eaglets (Welty and Baptista 1988). Especially 
for raptors, it is divided into eight periods: the period to 
attract the opposite sex (breeding display), build a nest 
(nest building), lay eggs (egg laying), hatch (incubation), 
hatch eggs (egg hatching), and the eaglet period: flight training 
(fledge period) and caring for chicks (parental care). 

An eagle is one of the classes of raptors found in the 
Panaruban landscape where four species of raptors i.e., 
Javan Hawk Eagle, Black Eagle, Changeable Hawk-eagle 
and Crested Serpent Eagle, that live and settle together in 
the same place. During this study, nests for all four types of 
raptors were found, but only the nest of three raptor species 
that could be observed, while the nest of Black Eagle was 
found inactive condition so that the breeding period could 
not be further observed. The map of nest distribution of 
four raptor types in the Panaruban landscape could be seen 
in Figure 2.   

Based on the observations done from 2009 to 2010 in 
the Panaruban landscape, the period of attracting the 
opposite sex (breeding display) for the Javan Hawk Eagle 
starts between July and August, while the Changeable 
Hawk-eagle is from April to May, and another raptor type, 
the Crested Serpent Eagle is from January to February. 
This period is characterized by the specific behavior of the 
four raptor types in terms of the pattern of flying formation 
such as flying up and down (undulating), circling in 
pairs (mutual soaring), mating, and voicing (Setiadi et al. 
2000). The comparison of the breeding period of three 
raptor types in the Panaruban landscape could be seen in 
Table 2. 

After the period of sexual attraction, the next period is 
the nest building. The Javan Hawk Eagle begins to nest 
from August to September, while the Changeable Hawk-
eagle is from May to June, and another one, the Crested 
Serpent Eagle is between February and March. Mostly 
birds use nests to lay their eggs (Pettingil 1985). They were 
usually built not far from where the couple copulates, but 
another factor such as the availability of materials for the 
nest, security, and the bird resting location influenced the 
nest building preferences of birds (Welty and Baptista 
1988). The process of nesting is generally divided into 
three stages: (i) The selection and preparation of area and 
the supporting materials; (ii) building the floor and the 
sides; (iii) the nest lining. Some bird species, especially 
raptors, use the same nest every year. This nest will 
typically be maintained including the improvement and the 
enlargement of nest annually or the nest reparation when 

 
Table 1. Natural and human disturbance of the raptor nest in 
Panaruban landscape of the District of Subang, West Java 
Province, Indonesia 
 
 JHE CHE BE CSE 
Natural disturbance     
Human disturbance     
Nest relocation     
Note:  = occur,  = not occur,  no record, JHE = Javan Hawk 
Eagle, CHE = Changeable Hawk Eagle, BE = Black Eagle, CSE = 
Crested Serpent Eagle  



 B IODIVERSITAS 18 (3): 1234-1242, July 2017 

 

1238 

  

 
 
Figure 2. Land coverage map and nest distribution for the four species of raptors in Panaruban landscape of the District of Subang, 
West Java Province, Indonesia 
 
 
 
 
Table 2. The breeding period of three raptors in human-modified 
landscape of Panaruban, District of Subang, West Java Province, 
Indonesia 
 

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

Breeding display                         
Nesting building                          
Egg laying                         
Incubation                          
Egg hatching                         
Eaglet period                          
Fledgling                         
Parental care                          
Note:  Crested Serpent Eagle,  Changeable Hawk 
Eagle,  Javan Hawk Eagle 
 

 
 
the disturbances happen. A new nest will then be built not 
too far from the old nest as shown by the Javan Hawk 
Eagle, the Changeable Hawk-Eagle, and the Crested 
Serpent Eagle. After building the nest, the raptors will enter 
a period of oviposition (egg laying). The period of laying 
eggs for the Javan Hawk Eagle is in September, while the 
Changeable Hawk-eagle is in June, and the Crested Serpent 
Eagle is in March. 

The egg laying period will immediately be followed by 
a brooding period (incubation). According to Pettingil 
(1985), hatching is a process of heat transfer from the bird 
to the egg. The incubation period of the Javan Hawk Eagle 

began between September and October, while the 
Changeable Hawk-Eagle was between June and July, and 
the Crested Serpent Eagle was between March and April. 
The hatching behavior of all birds is generally the same. 
The birds will take a break in the nest by changing the 
position of sitting, standing, cleaning up, moving, and 
reversing the egg during the beak. The egg incubation is 
the period of regular undisturbed incubation from the 
beginning until the time of hatching (Pettingil 1985). 
Brooding birds are usually silent, although sometimes they 
respond to their partner's call with a lower tone. The arrival 
and departure from the nest are done quietly. For raptors 
having a nest in the tree, it is done by flying from the nest 
quickly in a downward direction and remaining at low 
levels for a short distance, sometimes taking advantage of 
the closure of bushes or lower bark. The method of arrival 
is the opposite of departure. Periods spent outside the nest 
are primarily aimed to find food, investigate, and move to 
areas around the nest. Copulation in incubation period is 
rarely performed (Pettingil 1985). The incubation period 
will end when the eggs hatched. For the Javan Hawk Eagle, 
this egg hatching period happened in October, while the 
Changeable Hawk-Eagle was in July, and the Crested 
Serpent Eagle was around April. The egg hatching period 
was then be followed by the eaglet period. In this period, 
the eaglets from the three raptors are still white and have a 
fluffy cotton feather. However, these feathers and colors 
would change as they mature until they are ready for their 
initial flight. The eaglet period for the Javan Hawk Eagle 



WITHANINGSIH et al. – Breeding behavior of raptor species 

 

1239

occurred from October to December, while the Changeable 
Hawk-Eagle was from July to September, and the Crested 
Serpent Eagle was in April-May. The Javan Hawk Eagle 
and the Changeable Hawk-Eagle required a longer time in 
this eaglet period. The eaglet period was be followed by a 
period of flight training (fledge). The exercise period for 
the Javan Hawk Eagle was in December, while the 
Changeable Hawk-eagle was in September and Crested 
Serpent Eagle was in May. As for the future care of the 
eaglets (parental care), the Javan Hawk Eagle began from 
January to March, while the Changeable Hawk-eagle was 
between September and November, and the Crested Serpent 
Eagle was from May to July. In this period, the parent will 
teach the eaglets how to search food and to survive. 

Different with the obtained results in the Panaruban 
landscape, in the Telaga Warna landscape, only three out of 
the four-raptor species was found i.e the Javan Hawk 
Eagle, the Black Eagle, and the Changeable Hawk-eagle. 
The nests of Crested Serpent Eagle could not be found until 
now because the breeding period for the Crested Serpent 
Eagle in Telaga Warna landscape still could not clearly be 
determined. Additionally, the breeding period observed 
during the study period in Telaga Warna landscape was 
only one species namely the Changeable Hawk-eagle. 12 
nests were found in the landscape including five active and 
one inactive nests of the Javan Hawk Eagle, five active 
nests of the Black Eagle, and one active nest for the 
Changeable Hawk-eagle (see table 3). The nest distribution 
map for the three types of raptors in Telaga Warna 
landscape could be seen in Figure 3.  

The size area of Telaga Warna landscape is only a half 
of that in Panaruban, but the number of pairs of eagles 
which occupies Telaga Warna is quite numerous. In the 
preliminary study, it was noted that the number of pairs of 
eagles which occupied Telaga Warna landscape was 
twelve, consisting of five pairs of Javan Hawk Eagle, five 
pairs of Black Eagle, one pair of Changeable Hawk-eagle 
with the eaglet, and one pair of Crested Serpent 
Eagle. The Javan Hawk Eagle in Telaga Warna landscape 
began its breeding period in December, March or June 
depending on the weather changes. The breeding period 
was delayed if the weather was unfavorable such as 
continuous rain. However, the breeding period of the Black 
Eagle began in December and was not affected by the 
changes of the weather, while the breeding period of the 
Changeable Hawk-eagle usually occurs in March and April 
beginning with a display. The phenotypic performance of 
Changeable Hawk-eagle in Telaga Warna landscape is 
similar to Changeable Hawk-eagle with bright body colors 
(light morph). 
 
Table 3. Number of raptor nests in Panaruban and Telaga Warna 
of West Java, Indonesia 
 

 JHE BE CHE CSE 
Panaruban (AN) 1 1 1 - 
Panaruban (IA) 1 - 1 2 
Telaga Warna (AN) 5 5 1 - 
Telaga Warna (IN) 1 - - - 
Note: AN = Active Nest, IA = Inactive Nest, JHE = Javan Hawk 
Eagle, CHE = Changeable Hawk Eagle, BE = Black Eagle, CSE = 
Crested Serpent Eagle  

In this study, the Changeable Hawk-eagle was 
experiencing a period of breeding, so the breeding data of 
this type were more complete compared to another eagle. 
The breeding of Changeable Hawk-eagle pair was the same 
object pair which was observed between 2005 and 2007 
(Supaman 2017, pers. comm.). The tree used to build the 
nest was also the same nesting tree that was used in the 
breeding observation between 2005 and 2007. The tree 
used as a nest was a puspa tree (Schima walichii) located 
on the sharp slopes at an altitude of 1,576 m above sea 
level. It was an emergent tree and was located in a dense 
natural forest. The characteristics of nesting tree of the 
Changeable Hawk-eagle were: (i) located in the highest and 
the strongest tree with a height of 43 meters, which also 
had a most protruding tree among the trees in the vicinity, 
making the Changeable Hawk-eagle bring food easily to its 
eaglets, glide, care for, and teach the eaglets to fly, (ii) 
having a horizontal and strong branching to support the 
nest and make it easy for the eagle to get a comfortable 
perching position, (iii) having an open view of the nest 
towards the valley, making it easier to fly from and toward 
the nest, watching around the nest and supervising the 
eaglets for hunting purposes. 

Results of field observations showed that the number of 
the Changeable Hawk-eagle population remained the same 
from 2005 to 2010 with means of 3 individuals although 
the individual birth of new eaglets had been recorded 
between 2005 and 2007 (Supaman 2017, pers. comm.). It 
might happen as one of Changeable Hawk-eagle's strategy 
to survive in habitats and also to expand the distribution of 
this species to another area. Generally, the parents of 
Changeable Hawk-eagle would take care and maintain their 
eaglet up to the certain age around a few months until the 
eaglet be able to survive by its self. Afterward, eaglet 
would then be immediately separated from its parents in 
order to find and define its own habitat. Based on the 
compression territory theory about the insistence or 
pressure from the same territory of individuals, the size 
area and the surrounding conditions of the habitat could 
affect the survival rate of young Changeable Hawk-eagle. 
In this study, the size area of the Telaga Warna Nature 
Reserve was only around 375.85 hectares with most of this 
area was densely inhabitants might cause the survival rate 
of young Changeable Hawk-eagle individuals was 
relatively low. The eaglet of the Changeable Hawk-eagle 
searching for new living habitat will potentially face the 
high risk of death if the eaglet cannot compete with other 
raptors except for that who could be able to compress or 
exhort with another eagles’ cruising areas. 

The characteristics of the Changeable Hawk-eagles in 
Telaga Warna landscape was almost the same as the ones 
in the Panaruban landscape. Although those in Panaruban 
initially made a nest in the mixed gardens with a slightly 
open vegetation structure, they will subsequent move to 
Blok Kaletes natural forests with a more lush vegetation 
structure. The Changeable Hawk-eagles in both Panaruban 
and Telaga Warna landscape had a different breeding 
period from other eagles around the landscape. This was in 
contrast to the period of breeding between the Black Eagle 
and the Javan Hawk Eagle happened often concurrent or 
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slightly different in the same time range, so that the 
competition between the Javan Hawk Eagle and the Black 
Eagle was higher during their breeding activities. The 
observations in both places showed that the competition of 
those two species could be seen from the attacking activity 
in the air especially when one type tried to approach or fly 
towards the nest of other competitors. Results from the 
distribution of the three types of nests for raptors founded 
in Telaga Warna landscape showed that the distance of 
several nests was apparently close each other with a radius 
of 250 m or a more distant radius. The types of nests within 
a radius of 250 m belonged to Javan Hawk-eagle number 1 
and number 6. The nest number 6 was an inactive condition 
because the couple moved to the nest number 1 (Supaman 
2017, pers. comm.). From the map observation, it could be 
seen that the Javan Hawk Eagle nests were widely spread 
out, and none of them had a close distance until the radius 
of 1000 m. This suggests that inter-specific competition of 
the Javan Hawk Eagle was likely high. On the other hand, 
two nest number of Black Eagle in the radius of 750 m was 
in active condition with two different pairs of Black Eagles 
i.e. number 1 and number 2 living in those nests. This 
means that the inter-specific competition of Black Eagle 
was lower compared to that of the Javan Hawk Eagle. 
Another closer nests were the nests of Javan Hawk Eagle 
and the Black Eagle with a radius of 500-750 m. Although 
the competition between the Javan Hawk Eagle and the 

Black Eagle was often seen especially during the breeding 
period and in the placement of the space, both of them 
could still live together in a minimum radius of 500 m. This 
shows that despite the existence of inter-specific 
competition, the fact that they have different preferences of 
food making that inter-specific competition was relatively 
low. In another word, inter-specific competition may only 
happen during the selection of nest placement. The intimate 
nest preferences of the Javan Hawk Eagle and the Black 
Eagle showed that the niche type of those species 
overlapped each other; however, that overlapping niches 
did not cause a high competition between these two types 
of eagles. This is in contrast to the overlapping niche 
amongst the Javan Hawk Eagle, which tended to be smaller 
indicated by the wide distribution of nest placement. This 
spreading pattern of nests was in line with Schoener (1984) 
who stated that raptors prefer to form their own 
communities leading to the widespread niche because they 
sit on the top of food chain, which only has few predators 
(Schoener 1984). The spread of these niches occurs in 
various dimensions including habitat, food, and time 
depending on the order of importance (Schoener 1974). In 
addition, the Javan Hawk Eagle in Telaga Warna landscape 
had a fairly large cruising range, about 519 ha (Mikoyan 
2004), making it easier for them to build nests that are not 
adjacent to other Javan Hawk Eagle couples. 

 
 
 
 
 
  

 
 
Figure 3. The nest distribution map for all three types of raptors in the Telaga Warna landscape, in the District of Subang, West Java 
Province, Indonesia 
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The use of a specific habitat is one of the basic 

considered-requirements for the co-existence of different 
species of sympatric raptors (Newton 1979; Bechard et al. 
1990). In Telaga Warna landscape, despite the different 
preferences of main dietary among three species were 
found in the observed nests, those birds had also hunting 
new locations to reduce a conflict between species living in 
the landscape. One of the Black Eagles' nests, located near 
to one active and inactive nest of the Javan Hawk Eagle 
shows that inter-specific competition for determining the 
nest location has a less impact on the distribution of nests 
for both types. These results are consistent with the results 
of the same research conducted in Greece (Poirazidis et al. 
2007), in Kazakhstan (Katzner et al. 2003) and Finland 
(Solonen 1993; Martinez et al. 2008) regarding with the 
comparison of nest selection patterns of four different 
sympatric raptors prior to conservation purposes.  

It could be highlighted that four species of raptors that 
live together in Panaruban landscape and Telaga Warna 
had a different breeding period. Furthermore, it also 
showed different preferences in the nesting location 
amongst these four raptors showing that they selected their 
living habitat. This could clearly be seen in the selection of 
nesting place in Panaruban, where each kind of raptors has 
different characteristics of landscape elements. Therefore, 
it could be concluded that the use of the landscape during 
nesting period of four raptors observed in human-modified 
landscapes in Panaruban and Telaga Warna was varied 
based on the selection of nesting site and breeding period. 
This difference is probably one of the strategies to reduce 
the occurrence of competition in the breeding period. In 
general, the structure of the landscape in Panaruban and 
Telaga Warna simultaneously supports the presence of the 
raptor species so that made possible by the availability of 
food for those raptors could be varied.  
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Abstract. Mei Z, Khan MA, Zhang X, Fu J. 2017. Short Communication: Rapid and accurate genetic authentication of Penthorum 
chinense by improved RAPD-derived species-specific SCAR markers. Biodiversitas 18: 1243-1249. For the genetic identification and 
authentication of living organisms, development of Sequence-Characterized Amplified Region (SCAR) markers from Random 
Amplified Polymorphic DNA (RAPD) fragments is a valuable molecular approach. By using SCAR markers, molecular analysis is 
simplified to a Polymerase Chain Reaction (PCR) analysis using PCR primers designed from specific sequences of the RAPD 
amplicons. In this study, RAPD fragments from improved RAPD amplification of a perennial herb Penthorum chinense Pursh from 
China were cloned into a T-vector, and positive clones were identified by PCR amplification, and sequenced with the Sanger sequencing 
method for the SCAR marker development. Five SCAR markers were developed that were very specific to P. chinense, and deposited in 
GenBank (accession numbers: KX671029, KX671030, KX671031, KX671032 and KX671033). BLAST searches of these five 
nucleotide sequences in the GenBank database showed no identity with markers from other species. This study was developing five 
specific SCAR markers, has enabled reliable genetic identification of the herbal plant species Penthorum chinense Pursh, useful for 
authenticating future samples of this important medicinal herb.  

Keywords: Genetic identification, molecular markers, Penthorum chinense, RAPD, sequence characterized amplified region  

INTRODUCTION 

Penthorum chinense Pursh is a perennial herb found 
predominantly in East Asia, particularly in China, Korea, 
Thailand, Vietnam, Laos, Mongolia and some parts of 
Russia (Flora of China 2017). Hence the plant is often 
called Oriental penthorum, having long been used in 
traditional Chinese medicine. Nevertheless, in modern 
biological science, there have been only a few reports 
concerning this useful plant. Some studies have reported on 
antioxidant and anti-cancer cancer properties of P. 
chinensis, as well as on potential hepatoprotective, antiviral 
and anti-diabetic uses (Cao et al. 2015; Hu et al. 2015; 
Huang et al. 2015; Lu et al. 2012; Wang et al. 2015; Zhang 
et al. 2013). Certain bioactive compounds including 
quercitrin, quercetin-3-O-rhamnoside, gallic acid, β-
sitosterol, thonningianins A, 5-hydroxy-flavanone-7-O-
beta-D-glucoside, 2,4,6-trihydroxybenzoic acid, 
pinocembrin-7-O-beta-glucoside, 5-methoxy-pinocembrin-
7-O-β-D-glucoside and pinocembrin-7-O-[3''-O-galloyl-
4'',6''-hexahydroxydiphenoyl]-beta-glucose have been 
isolated from this plant species (Feng et al. 2001; Lu et al. 
2012; Wang et al. 2006, 2014). These compounds might 
play important roles in its medicinal properties. The recent 
interest of medicinal chemists in the plant have focused 
attention on the need for a reliable system of identification 

for the species, and on its genetic authentication and 
conservation. 

In recent developments of biotechnology, a number of 
molecular techniques have been used for the genetic 
identification and authentication of plant, animal and 
bacterial species, such as Random Amplified Polymorphic 
DNA (RAPD), Simple Sequence Repeat (SSR), Inter-
Simple Sequence Repeat (ISSR) and Amplified Fragment 
Length Polymorphism (AFLP) analyses (Williams et al. 
1990, Fu et al. 2013; Khan et al. 2016). One particularly 
useful approach, based on initial RAPD sequencing, is 
Sequence Characterized Amplified Region (SCAR) 
analysis, which has the advantage of generating markers 
that are usually very stable and which therefore provides a 
high level of authenticity in genetic identification (Fu et al. 
2015; Khan et al. 2016; Fu et al. 2017). By using the SCAR 
markers, molecular analysis has been simplified to a PCR 
reaction using PCR primers designed from the sequences of 
RAPD amplicons (Kumla, et al. 2012; Fu et al. 2015). 

In the study reported here, we have sought to apply 
such molecular techniques, to reliably identify specimens 
of the plant P. chinense sampled from different 
geographical locations in China. For the molecular 
identification, we have developed SCAR markers, 
originated from RAPD analysis.   
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MATERIALS AND METHODS 

Samples and DNA extraction 
A total of nine samples of Penthorum chinense Pursh 

and one sample of the species Eclipta prostrata (L.) L. 
were gathered from different regions of China (Table 1). 
Genomic DNA was extracted from fresh leaves using a 
previously described modified cetyl Trimethyl Ammonium 
Bromide (CTAB) method (Fu et al. 2013). Briefly, the 
plant materials were first fixed in fixing solutions 
containing chloroform, PVP, 2-Hydroxy-1-ethanethiol 
(without liquid nitrogen), and ground into tiny pieces by 
silica (SiO2) for DNA extraction. The DNA quality was 
checked by electrophoresis on 0.8% agarose gel and 
spectrophotometry (Fu 2012). For PCR, the final 
concentration of all DNA samples was adjusted to 10 
ng/μL, and stored at -20oC till use.  

Improved RAPD Amplification 
Different DNA samples were amplified with RAPD 

primers A12, I19, I19, Q19 and Q19 using Tiangen 
reagents (Beijing, China) according to the manufacturer’s 
protocol. The sequences of these primers are listed in Table 
2. The PCR reaction system of 10 μL contents consisted of 
5 μL 2×Taq PCR MasterMix, 1 μL 2.5 μM primer, 1.5 μL 
genomic DNA, and 2.5 μL ddH2O. Amplification reactions 
were performed in a PCR machine “Applied Biosystems 
Veriti® 96-Well Thermal Cycler” (Life Technology, USA) 
using the following steps: initial denaturation at 95°C for 
90 s, 40 cycles of denaturation at 94°C for 40 s, annealing 
at 36°C with the RAMP rate from annealing to extension 
adjusted to 0.125ºC/s (5% ramp rate) for 60 s, extension at 
72°C for 90 s, and a final extension step at 72°C for 5 min 
(Mei et al. 2015). PCR products were loaded onto a 1.5% 
agarose gel for electrophoresis.  

Molecular cloning and identification of positive RAPD 
DNA fragments 

Eight different bright bands were excised from the 
agarose gel, and purified by using TIANgel Mini DNA 
Purification Kit (DP209, Tiangen reagents, Beijing, China) 
according to the manufacturer’s protocol. The purified 
DNA fragments were ligated into pGM-T vector (No. 
VT202) (Tiangen reagents, Beijing, China) by AT cloning, 
and then transformed into DH5α E. coli competent cells. 
The recombinant clones were spread on LB agar plates, 
containing ampicillin (100 μg/μL), X-gal (40 mg) and 
IPTG (160 μg), and incubated at 37°C overnight. The blue 
white screening method was used and white colonies were 

screened out. The presence of right insert was verified by 
PCR from white colonies by using T7/SP6 primer pairs (T7 
primer: 5’-TAATACGACTCACTATAGGG-3’, SP6 
primer: 5’-ATTTAGGTGACACTATAGAA-3’), then run 
on a 1% agarose gel electrophoresis (Mei et al. 2015; Khan 
et al. 2016; Fu et al. 2017).  

DNA sequencing and bioinformatics 
The sequencing of the positive clones was performed 

by the Sanger method using SP6 of T-vector sequencing 
primers. To remove the vector sequences and verify 
whether the sequences of cloned RAPD fragments were 
novel, the online program BLAST (http:// 
www.ncbi.nlm.nih.gov/BLAST/) was used for the 
homology search of our sequenced DNA clones with 
different species in the GenBank database. 

SCAR primer design 
By using online program Primer 3 

(http://bioinfo.ut.ee/primer3-0.4.0/primer3/), the nucleotide 
sequence of each of the cloned RAPD fragments was used 
to design pairs of SCAR primers. The quality of primer 
pairs was tested. The sequences of each primer, optimized 
PCR condition, and amplification length are shown in 
Table 3.  

 
Table 1. Sources of RAPD samples 
 
Name Sources Sample 
Penthorum chinense Pursh Yingtan, Jiangxi YT 
Penthorum chinense Pursh  Anqing, Anhui AQ 
Penthorum chinense Pursh  Ankang, Shanxi  AK 
Penthorum chinense Pursh  Chenzhou, Hunan CZ 
Penthorum chinense Pursh  Luzhou, Sichuan LZ 
Penthorum chinense Pursh  Xichang, Sichuan XC 
Penthorum chinense Pursh  Zunyi, Guizhou  ZY 
Penthorum chinense Pursh  Yichang, Hubei  YC 
Penthorum chinense Pursh  Xinzhou, Shanxi  XZ 
Eclipta prostrate  Luzhou, Sichuan EP 
 

 
 
Table 2. Sequences of RAPD primers 
 
Primer Sequence (5’-3)’  Primer Sequence (5’-3’)  

SBS-A12 TCGGCGATAG SBS-I19 AATGCGGGAG 

SBS-N19 GTCCGTACTG SBS-Q19 CCCCCTATCA 

 
 
 
Table 3. Sequences of SCAR primers, PCR product size and PCR condition 
 
SCAR  5'-primer Sequence (5'-3') 3'-primer Sequence (3'-5') Size (bp) Tm (°C)
A12-12 A12-12L GTTTGGAGGCAAGAAAACCA A12-12R TTGTCCTTCTGGTCTATGTGGA 225 60 
I19-13 I19-13L TCGACTTGAAGGGCTCGTTA I19-13R AAAAATCCATGGCAAAATGC 213 60 
I19-22 I19-22L GTTAGGGCTTGGTTCACGAG I19-22R AACCCGGTAGATGATGATGC 212 60 
Q19-11 Q19-11L TCGTCGAACACTTGGTGTGT Q19-11R TCTCCCCATCATTCTTACGG 257 60 
Q19-22 Q19-22L TGGTAGGATATTTCTGCGACTG Q19-22R GACTCGAGATGGAGGCACAG 230 60 
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SCAR markers development and analysis 

To develop stable SCAR markers, the PCR 
amplification was performed by using 22 DNA samples as 
templates. They are the different samples of 
Penthorum chinense listed in Table 1, and one sample of 
each of Eclipta prostrata (L.) L., Canarium album (Lour.) 
DC., Dimocarpus longan Lour., Litchi chinensis Sonn., 
Mentha haplocalyx Briq., Lycium barbarum L., Angelica 
sinensis (Oliv.) Diels, Ginkgo biloba L., Russian 
Knapweed Rhaponticum repens (L.) Hidalgo, Ganoderma 
lucidum (Curtis) Karst., Ganoderma japonicum (Fr.) 
Sawada, Gardenia jasminoides J. Ellis, and Artemisia argyi 
H. Lév. & Vaniot. The content of the 10 μL PCR reaction 
system was as follows: 5 μL 2×Taq PCR MasterMix, 1 μL 
of 2.5 μM each pair of SCAR primers, and 1μL genomic 
DNA (10 ng), with the remaining volumes filled by ddH2O. 
PCR amplification was performed in the above-mentioned 
“Applied Biosystems Veriti® 96-Well Thermal Cycler” 
with an initial pre-denaturation for 90 s at 95°C followed 
by 30~34 cycles of denaturation at 94°C for 40 s, annealing 
at 60°C for 30 s, and extension at 72°C for 40 s. The final 
extension step was performed at 72°C for 5 min. The 
amplified PCR products were separated on 1.8% agarose 
gel in 1 × TAE buffer. Gels were then visualized by 0.5 
μg/mL ethidium bromide staining and the images were 
documented using the ChemiDoc XRS (Bio-Rad, USA) 
(Fu, 2012). 

RESULTS AND DISCUSSION 

Cloning of RAPD amplification fragments 
Five RAPD primers (A12, I19, I19, Q19, and Q19) 

were used for the improved RAPD amplification of DNA 
samples (Figure 1). The improved RAPD amplification 
results are shown in Figure 2, where the white arrows 
indicate the bands labeled with primers. The arrow-
indicated bands were cut from the agarose gel and purified. 
Then the purified PCR products were ligated into the 
pGEM T-vector. The blue and white screening method in 
LB agar plate was used to screen the positive clones (data 

not shown). The white clones were then identified by PCR 
amplification using the SP6/T7 primer pair. The results of 
positive clones are shown in Figure 3. In Figure 3.A, the 
positive clone I19-13 shown in lane 1-2, and the clone I19-
22 in lane 3-4, have the inserted DNA-fragment with size 
~2100bp, whereas the positive clones A12-12, Q19-11 and 
Q19-22 are shown in Figure 3.B as three inserted DNA-
fragments with right length in sizes 2000~2400 bp. 

 
 

 
A B 

 
Figure 2. Recovery of RAPD fragments from Penthorum chinense 
using different RAPD primers 
 
 
 

  
A B 

 
Figure 3. Identification of positive clones after DNA ligation. A. 
Clone identification of RAPD fragments I19-13 and I19-22. B. 
Clone identification of RAPD fragments A12-12, Q19-11, Q19-
22. The black arrows indicate expected PCR bands in size of 
different clones. Lane M indicates the DNA molecular weight 
marker DL2000 with the fragment size (bp). 

 
 
 
 
 

 
A B C 

 
Figure 1. Improved RAPD amplification from DNA samples of Penthorum chinense (listed in Table 1) using different RAPD primers. 
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Sequencing and characterization of specific RAPD 
fragments 

The sequencing of the above-mentioned five RAPD 
fragments of clones A12-12, I19-13, I19-22, Q19-11 and 
Q19-22 were performed. This was followed by BLAST 
searches of the nucleotide sequences in the GenBank 
database, which indicated that the five clones had no 
significant identity with that of any other species in the dat-
base. The sequenced results revealed that clone A12-12 
consisted of 598 nucleotides. It was deposited into 
GenBank with accession number KX671029 (Figure 4.A). 
Clone I19-13 consisted of 718 nucleotides, and was 

deposited into GenBank with accession number KX671030 
(Figure 4.B); clone I19-22 consisted of 502 nucleotides, 
and was deposited into GenBank with accession number 
KX671031 (Figure 4.C); clone Q19-11 consisted of 572 
nucleotides, and was deposited into GenBank with 
accession number KX671032 (Figure 4.D); and clone Q19-
22 consisted of 524 nucleotides, and was deposited into 
GenBank with accession number KX671033 (Figure 4.E). 
Here the actual lengths of the high-quality nucleotide 
sequences obtained using SP6 vector primer are shorter 
than the RAPD fragments. 

 
 

 
Figure 4. The cloned nucleotide information by Sanger-sequencing. A. The sequences of clone A12-12 with 598bp [The GenBank 
accession number: KX671029]; B. The sequences of clone I19-13 with 718bp [The GenBank accession number: KX671030]; C. The 
sequences of clone I19-22 with 502bp [The GenBank accession number: KX671031]; D. The sequences of clone Q19-11 with 572bp 
[The GenBank accession number: KX671032]; E. The sequences of clone Q19-22 with 524bp [The GenBank accession number: 
KX671033] 

A 

B 

C 

D 

E 
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Figure 5. Development of stable RAPD-SCAR markers for A12-12, I19-13, I19-22, Q19-11 and Q19-22. Lane 1-9 is Penthorum 
chinense Pursh, 10-22 is Eclipta prostrata (L.) L., Canarium album (Lour.) DC., Dimocarpus longan Lour., Litchi chinensis Sonn., 
Mentha haplocalyx Briq., Lycium barbarum L., Angelica sinensis (Oliv.) Diels, Ginkgo biloba L., Russian Knapweed Rhaponticum 
repens (L.) Hidalgo, Ganoderma lucidum (Curtis) Karst., Ganoderma japonicum (Fr.) Sawada, Gardenia jasminoides J. Ellis, and 
Artemisia argyi H. Lév. & Vaniot. Lane M indicates the DNA molecular weight marker DL600 
 
 
  
Authentication of Penthorum chinense with specific 
SCAR markers  

To generate more stable specific diagnostic SCAR 
markers for Penthorum chinense, five pairs of primers were 
designed and synthesized based on our cloned sequences 
(Table 3). The designed SCAR primer pairs were then used 
to amplify the genomic DNA collected from 22 samples of 
different species or cultivars to test amplification species-
specificity. The PCR amplification results are shown in 
Figure 5. The PCR results for the SCAR markers A12-12, 
I19-13, I19-22, Q19-11 and Q19-22 indicate that 
amplification products with expected size were observed in 
samples of Penthorum chinense (lane 1-9)(Figure 5.A-E). 
But there was no amplification for the other species. 
Therefore, we confirm that the specific SCAR markers 

were successfully developed, and can in future be used for 
authentication of cultivars of Penthorum chinense, and for 
distinguishing this species from other species currently 
listed in GenBase.  

Discussion 
Genetic characterization and identification of living 

organisms have been revolutionized by the development of 
molecular marker technologies. These have become 
valuable tools for systematists, botanists, zoologists, and 
even for medicinal chemists. Most of these techniques are 
simple, cheap and easy to carry out, and do not require 
whole-DNA sequencing of target species. Yet, they can 
reveal high degree of polymorphism (Williams et al. 1990, 
Fu et al. 2013, 2015). RAPD, developed in the 90s of last 
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B 

C 

D 
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century, is still a popular technique. When RAPD is 
combined with SCAR, it can improve the stability and 
specificity, making genetic identification and 
authentication more efficient in studying different alleles. 
In our lab, we have successfully characterized a number of 
plant or fungal species by developing SCAR markers based 
on RAPD amplicons; namely Dimocarpus longan (Yang et 
al. 2013), Acorus species (Ryuk et al. 2014), Lonicera 
japonica (Yang et al. 2014), Trichoderma cf. harzianum 
(Pérez et al. 2014), Cordyceps sinensis (Lam et al. 2015), 
Litchi chinensis (Cheng et al. 2015), Angelica sinensis 
(Zhang et al. 2015), and Ganoderma lucidum (Khan et al. 
2016). 

In this study, we collected samples of the species 
Penthorum chinense Pursh from nine different 
geographical locations of China. We have generated RAPD 
fragments by using DNA materials extracted from these 
plants and cloned in T-vectors. Finally, we have developed 
five SCAR markers (GenBank accession numbers: 
KX671029, KX671030, KX671031, KX671032, 
KX671033), which are strictly specific to the nine samples 
of Penthorum chinense Pursh. These markers can be used 
for the genetic identification and authentication of P. 
chinense. The BLAST searches of these five nucleotide 
sequences (KX671029, KX671030, KX671031, 
KX671032, KX671033) in GenBank database did not show 
any identity with that of other species currently represented 
in the database, indicating that these five SCAR markers 
are novel molecular markers for the Penthorum chinense 
Pursh species.  

In a previous study, two different species of the genus 
Penthorum (i.e. Penthorum sedoides L. from Virginia, 
USA and P. chinense Push from Sichuan, China) were 
genetically distinguished and SCAR markers were 
developed for their identification (Duan et al. 2011). 
However, there was no report on genetic identification and 
marker development for P. chinense from different 
geographical locations.  

For the first time, this study has developed novel SCAR 
biomarkers for P. chinense, which can be used for the 
genetic identification and authentication of this plant. 
Establishment of these SCAR markers will provide a more 
reliable way to authentically identify P. chinense species 
than by traditional morphological methods, and can 
contribute to the biological conservation of this plant. We 
suggest future works to conserve this plant and save it from 
extinction. More scientific studies should be performed to 
identify and isolate the active ingredients from this plant 
and to study their medicinal properties. 
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Abstract. Alnaimat S, Shattal SA, Althunibat O, Alsbou E, Amasha R. 2017. Iron (II) and other heavy-metal tolerance in bacteria isolated 
from rock varnish in the arid region of Al-Jafer Basin, Jordan. Biodiversitas 18: 1250-1257. This study deals with enumeration, 
identification and molecular characterization of bacterial species tolerant of iron (II) and other heavy metals that isolated from rock 
varnish collected from the arid region of Al-Jafer Basin, Jordan. Based on conventional culture-dependent methods, six isolates 
exhibited a high degree of tolerance to iron (II) and other heavy metals with a minimum inhibitory concentration (550–600 mg/L) to 
iron, (500-550 mg/L) to lead, (350 mg/L) to copper, (400-450 mg/L) to chromium, (150-200 mg/L) to silver, and (150-200 mg/L) to 
mercury, in solid media. The results showed that all isolates could tolerate 2000 mg/L Fe2+ expressed as maximum tolerance 
concentration (MTC). The multiple metal resistances of these isolates were also associated with multiple antibiotic resistances. These 
iron tolerant isolates were shown to be capable of growth at temperatures ranging from 30 to 40°C and pH values ranging from 5 to 9 
with some differences between the six isolates. On the basis of morphology and of 16S rDNA gene sequencing and phylogeny analysis, 
the iron-tolerant isolates were identified as Bacillus zhangzhouensis (DVCr1), Staphylococcus warneri (DVCr6), Bacillus cereus 
(DVCr7), Staphylococcus pasteuri (DVCu2), Brevibacterium frigoritolerans (DVPb) and Bacillus altitudinis (DVCr10). The 16S rDNA 
sequences from five of the six strains were submitted to GenBank and are available under the accession numbers KX781139, 
KX781140, KX781141, KX781145 and KX781148. The results highlight the high potential of a non-polluted habitat like rock varnish 
to provide new microbial communities that could be used for enhanced bioremediation of heavy metals from a contaminated site. 

Keywords: Al-Jafer basin, rock varnish, bacteria tolerant of heavy metals, 16S rDNA 

INTRODUCTION 

Rock varnish, or desert varnish, is the dark thin outer 
layer substance of rock surfaces in arid and semiarid 
climates (Zhang et al. 2012). Its thickness rarely exceeds 
200 μm (Parchert et al. 2012). It is normally composed of 
oxygen, silicon, and aluminum with trace elements, such as 
Fe, Mn, C, Ca, Na, K, N, P, Ti, Mg, S, Ba, and Cl (Perry et 
al. 2004).The black pigmented varnish skin has a high 
concentration of manganese oxides while the dark brown 
one is rich in iron (Fe) oxides (Parchert et al. 2012). 

Al-Jafer basin is situated in the South Jordan, about 210 
km south of Amman, the region is typically classified as an 
arid environment with mean annual rainfall of about 50 
mm. The basin has an area of 13,500 square kilometers (Al 
Kuisi and El-Naqa 2013), scattered with plentiful rocks 
with iron-rich varnishes. 

Due to their high persistence and toxicity in 
environments, heavy metals such as iron (Fe), lead (Pb), 
chromium (Cr), cadmium (Cd), mercury (Hg), cobalt (Co) 
and nickel (Ni) are considered as significant environmental 
pollutants, particularly in regions with high human 
activities (Gupta et al. 2012). Bacteria able to survive well 
in high concentrations of heavy metals have received 
growing attention in recent years. This characteristic makes 

them potentially useful for bioremediation (Gandhi et al. 
2015). 

There is a large body of work focused on microbial 
diversity associated with desert ecosystems, particularly 
rock varnishes (Northup et al. 2010; Parchert et al. 2012; 
Paulino-Lima et al. 2013; Zhang et al. 2012), and on heavy 
metal tolerance of bacteria isolated from different habitats. 
However, as far as we are aware, no study has dealt with 
the isolation of specific heavy metal tolerant 
microorganisms from desert rock varnish. 

Iron oxides occur naturally in high concentration in 
rock varnish (Parchert et al. 2012)and are important 
products of rock weathering (Adams et al. 1992). The 
desert rocks scattered in Al-Jafer basin are predominantly 
covered by iron-rich varnish. Since microbial encounters 
with iron oxides are unavoidable in the rock varnish layer, 
we speculated that the indigenous rock varnish bacteria 
might develop tolerance strategies against the high 
concentration of these oxides. The present study is 
probably the first attempt of its kind to examine the 
tolerance levels of indigenous bacteria associated with rock 
varnish to iron (II) and other heavy metals, and to isolate 
and identify these indigenous bacterial strains. 
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MATERIALS AND METHODS 

Site description and sample collection 
24 samples of iron-rich rock varnish were aseptically 

collected from two different sites situated at the western 
part of Al-Jafer basin desert, located near Ma'an province, 
Jordan. Only rocks with relatively flat surfaces were 
aseptically picked up and immediately placed in sterile 
aluminum foil for transport. At the lab and in a laminar 
flow bench, a grinding tool with a flame-sterilized coarse 
bit was used to harvest the varnish powder from the 
collected rock samples into a sterile container. The 
harvested powdered rock varnish (0.5 g)was then stored at -
20 °C. (Zhang et al. 2012;Kuhlman et al. 2006). 

Enumeration and Isolation of iron-tolerant bacteria 
Powdered rock varnish samples (0.1 g) were directly 

plated on nutrient agar media (Sigma-Aldrich) 
supplemented with 300 mg/L of Fe2+as iron (II) sulfate 
FeSO₄·7H₂O. Cycloheximide at 50μg/mL was added to all 
media to inhibit fungal growth. After 72 hours of 
incubation at 37°C, morphologically different colonies 
were isolated and sub-cultured by streaking on the surface 
of nutrient agar (NA) plates for purification and 
preservation (Gandhi et al. 2015) 

Determination of Optimal Growth Conditions 
(temperature, pH, and NaCl) 

The optimum pH, temperature, and NaCl conditions for 
growth of each of the six iron tolerant isolates were 
determined using 96-well microplates. To find the pH 
range, the iron tolerant isolates were grown in nutrient 
broth (NB)media with different pH values (5, 6, 7, 8, and 
9) and incubated at 35°C for 24 h. For temperature profiles, 
the iron tolerant isolates were incubated at temperature 25 
C°, 30 C°, 35 C°,40 C°, and 45 C for 24 h. The optimal 
NaCl concentrations were evaluated through inoculation of 
iron tolerant isolates into NB medium supplemented with 
four different NaCl concentrations (1, 2,4 and 8 %). For all 
of the above parameters, the OD 600 values were measured 
after 24 h incubation using microplate reader (AccuReader 
M965, Metertech-Inc., Taiwan) (Gupta et al. 2012). 

Minimal inhibitory concentrations of heavy metals of 
bacterial isolates 

All purified strains were subsequently grown on 
nutrient agar amended with iron and other heavy metals 
(Cr, Pb, Hg, Cu, Hg and Ag) at the following concentrations: 
150, 200, 250, 300, 350, 400, 450, 500, and 550 mg/L. 
Heavy metals (Cr, Pb, Hg, Cu, and Ag) were used as CrCl3, 
Pb (NO3)2, HgCl2, CuSO4, and AgNO3 respectively. The 
minimum inhibitory concentration (MIC) values were 
expressed as the lowest concentration of heavy metals that 
completely prevented the growth of isolated bacteria after 
three days incubation at 30°C (Gandhi et al. 2015). 

Determination of maximum tolerable concentrations 
(MTCs) of iron (FeSO4) in nutrient broth media 

The maximum tolerable concentrations of Iron (II) of 
the presumptive tolerant isolates were evaluated in 

triplicate by using the broth microdilution method in 96-
well microplates. The initial concentration of the Iron (II) 
used was2000 mg/L. Each well of a 96-well microplate was 
inoculated with 5 μL of one of the isolated bacteria 
suspensions adjusted to 0.5 McFarland standards with 
further 1:100 dilution to get a final density of 
approximately 5 x 105cfu and with 200 μL of each Iron (II) 
concentration diluted in sterile nutrient broth. Each Iron (II) 
concentration was tested in triplicate. Wells contained 
culture medium with either only FeSO4 or only bacteria 
were used as controls. Following incubation at 30°C for 48 
hours, (10 μL) from each well was spotted on nutrient agar 
plates and incubated at 37°C for 24-72 hours to test any 
appearance of growth. The maximum tolerable 
concentration (MTC) of iron (II) is defined as the highest 
concentration of iron (II) which allows growth after 48 h 
(Moghannem et al. 2015).  

Determination of the co-resistance to antibiotics  
Isolates were subjected to antibiotic resistance 

screening by the disc diffusion method in Mueller-Hinton 
agar (Oxoid) according to the CLSI procedures (Wayne 
2009). The following antibiotics (Oxoid) were used: 
Novobiocin 30µg, Chloramphenicol 30µg, Penicillin 10µg, 
Erythromycin 15µg, Streptomycin 10µg, Kanamycin 30µg, 
Ampicillin 10µg, and Tetracycline 30µg (Gandhi et al. 
2015). 

Determination of the effect of iron (FeSO4) growth 
kinetics of the bacterial isolates 

Using 96-well microplates, Isolates were grown in a 
sterile NB medium, without (positive control sample) or 
with Iron (FeSO4) at 125, 250, 500 and 1000 mg/L. During 
incubation at 35°C and with shaking (80 rpm), growth was 
recording at known intervals by measuring the optical 
density at 600 nm on a microplate reader (AccuReader 
M965, Metertech-Inc., Taiwan), and subtracting the signals 
measured for the metal salt alone (Françoiset al. 2012). 

Molecular and phylogenetic analysis of the isolated 
strains 

DNA extraction 
DNA extraction of isolated samples was performed 

using the G-spin Total DNA Extraction Mini Kit (iNtRON 
Biotechnology, Suwon, Korea). The extracted DNA was 
used as a template for PCR to amplify 16S rDNA. The 
extraction method was performed according to the 
instructions of the manufacturers. 

Amplification of 16S rRNA gene and phylogenetic analysis 
The SSU rRNA gene was amplified with the bacterial 

forward primer 27F (3'- 
AGRGTTYGATYMTGGCTCAG-5') and 1492R (5′-
RGYTACCTTGTTACGACTT-3′).Amplification of 16S 
rRNA was performed in a total volume of 50 μL containing 
2.0 μL Genomic DNA, 25μL of 2x PCR Master mix 
Solution i-MAX II (iNtRON), 1.0 μL Forward Primer, 1.0 
μL Reverse Primer, and 31μL of sterile distilled water 
(sdH2O). The PCR reaction mixtures, after incubation at 
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94°C for  3 minutes as an initial denaturation, were cycled 
30 times through the following temperature profile: 
denaturation for 1 minute at 94°C; annealing for1 minute at 
60°C; and elongation for 5 minutes at 72°C with final 
incubation for 5 minutes at 75°C, after which 10 μL of each 
PCR amplification mixture was mixed with 2 μL of 
Blue/Orange 6x loading dye and analyzed by 1% agarose 
gel electrophoresis. In addition, 6μL of 1 Kb Hyper Ladder 
loading was used to confirm the correct sized product. A 
PCR quick-spin PCR Product Purification Kit was used to 
purify PCR products according to the manufacturer’s 
protocol. The purified PCR products were sequenced using 
the commercial service of MACROGEN, Korea. 

 The resulting 16S rRNA gene sequences were 
compared with those in GenBank using the blast program 
(NCBI) and the EzTaxon-e database (http://eztaxon-
e.ezbiocloud.net; (Kim et al. 2012). The 16S rRNA gene 
sequences of isolated strains were aligned with 
corresponding sequences of closely related type species 
(retrieved from the GenBank/EMBL/DDBJ database) using 
Clustal x1.83 (Thompson et al. 1997). 

Phylogenetic trees were reconstructed using the 
neighbor-joining method (Saitou and Nei, 1987)contained 
in MEGA6software (Tamura et al. 2013). Bootstrap values 
(more than 40%) based on 1000 replications were listed at 
nodes. 

 Nucleotide sequence accession number  
The nucleotide sequences of 16S rRNA documented in 

this study were deposited in (National Center for 
Biotechnology Information NCBI)nucleotide sequence 
databases under Accession Numbers listed in Table 4. 

Statistical analysis 
Data are expressed as mean ± standard error of the 

mean (S.E.M) of at least three independent samples as 
described above. Graphs were constructed and statistical 
analysis performed with GraphPad Prism (version 7.02 for 
Windows; GraphPad Software, La Jolla, CA, USA). 

RESULTS AND DISCUSSION 

Isolation of the iron-tolerant bacteria from rock varnish 
powder 

Iron-tolerant strains isolated from the rock varnish 
samples collected from the western part of Al-Jafer basin 
desert, grew well on a nutrient agar medium enriched 
initially with 300 mg/ L Fe+2 (Figure 1). Only six different 
colonies were isolated and subcultured on nutrient agar 
media on the basis of colony morphology. Strains were 
designated as DVPb, DVCr10, DVCr6, DVCr7, DVCu2, 
and DVCr1. 

Minimal inhibitory concentrations of heavy metals for 
the bacterial isolates 

In order to evaluate their multi-metal tolerance 
capacity, all purified presumptive strains were 
subsequently grown on nutrient agar amended with iron 
and other heavy metals (Pb, Cu, Cr, Ag, and Hg) at 

different concentrations. As shown in (Table1),all the 
bacterial isolates exhibited a high degree of tolerance to 
Fe2+ with minimum inhibitory concentration (MIC) ranging 
from 550mg/L to 600 mg/L. The results showed that all 
isolates could tolerate 2000 mg/L Fe2+ expressed as 
maximum tolerable concentration (MTC). In addition to 
iron, all isolates showed a high degree of multi-metal 
tolerance based on MIC values; isolated strains showed 
tolerance (500-550), (350), (400-450), (150-200), and (150-
200) mg/L for lead, copper, chromium, silver and mercury, 
respectively.  

Determination of the co-resistance to antibiotics 
Except for the DVCr10 strain, all iron-tolerant isolates 

tested for antibiotic susceptibility were shown to be multi-
drug resistant. The results are summarized in (Table 2).  

Morphological and physiological characteristics, and 
the optimal growth parameters of iron tolerant isolates 

As listed in Table 3, all isolates were Gram-positive and 
had a white or off-white colony color. Also, they were 
irregular in shape except for DVCr6 and DVCr10 strains, 
which produced circular and filamentous colonies, 
respectively. The colony elevation in most of these strains 
was flat except DVPb and DVCr10 (Raised). The colony 
margins were found to be lobate for DVCr10, DVCu2, and 
DVPb, undulate forDVCr7 and DVCr1 strains, and entire 
for the DVCr6 strain. Microscopic examination revealed 
that DVPb, DVCr1, DVCr7, and DVCr10 strains were rod 
cell morphology, whileDVCr6 and DVCu2 strains had a 
spherical cell morphology. As summarized in Table 3 and 
detailed inFigure 2 and Figure 3,the optimal temperature 
for all isolated bacteria was 30C°. The best growth pH for 
DVCr1, DVCr6, DVCr7, and DVCu2 was 6, while for 
DVPb and DVCr10 it was8 and 7, respectively. The 
optimal concentration of NaCl was determined to be 2 % 
for DVCr1, DVCr6, DVCr7, and DVCu2 and to be 1% for 
DVPb and DVCr10. 

 
 

 
 

Figure 1. Successful growth of some isolates grown on nutrient 
agar plate containing 300mg/L Fe2+ 
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Table 1.Minimum inhibitory concentration (MIC mg/L) of 
different metals obtained for the six isolates from rock varnish 
and the maximum tolerable concentration of Fe 2+ (MTC mg/L). 
 

Isolated strains MIC mg/L  MTC 
mg/L

Fe (II) Pb Cu Cr Ag Hg Fe (II)
DVPb 600 500 350 400 150 150 >2000 
DVCr1 550 500 350 400 200 150 >2000 
DVCr6 550 550 350 400 200 200 >2000 
DVCr7 550 550 350 400 150 200 >2000 
DVCu2 550 500 350 450 150 150 >2000 
DVCr10 550 500 350 450 200 200 >2000 

 

Table 2. Antibiotics resistance pattern of the isolated strains 
  
Isolated strains Resistance pattern* 
DVPb C30E15 N30 P10 S10 T 30 
DVCr1 C30 E15 P10 S10 T 30 
DVCr6 C30 E15 N30 P10S10 T 30 
DVCr7 C30 K30 N30 P10 T30 
DVCu2 C30N30 P10 S10 T 30 
DVCr10 P10 T 30 
Note: C30 = Chloramphenicol 30µg, E15 = Erythromycin 15µg , 
K30 = Kanamycin 30µg, P10 = Penicillin 10µg, N30 = Novobiocin 
30µg, S10= Streptomycin 10µg, T30 = Tetracycline 30µg

 
 
Table 3. Morphological and physiological characteristics of iron tolerant isolates from rock varnish 
 

Isolates Colony  
color 

Gram  
reaction Elevation Margin Form Cell  

morphology
Optimum  

pH 
Optimum 
NaCl % 

Optimum  
temp. (C°)

DVPb White G+ Raised Lobate Irregular Rod 8 1 30 
DVCr1 White G+ Flat Undulate Irregular Rod 6 2 30 
DVCr6 White G+ Flat Entire Circular Spherical 6 2 30 
DVCr7 Off-White G+ Flat Undulate Irregular Rod 6 2 30 
DVCu2 White G+ Flat Lobate Irregular Spherical 6 2 30 
DVCr10 White G+ Raised Lobate Filamentous Rod 7 1 30 

 
 

 
Figure 2. Effect of different temperatures on the growth of the isolated strains 
 

 
Figure 3. Effect of different pH values on the growth of the isolated strains 
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Determination of the effect of iron (FeSO4) on the 
growth kinetics of bacterial isolates 

The results of growth kinetic studies of the isolated 
strains, which are displayed in Figure 4, show that the 
strains were able to survive and even multiply in various 
Fe2+ concentrations. Optical densities of growing cultures 
were reported after 6, 18, 24, and 40 hrs of incubation. The 
growth of bacterial isolates declined in response to raising 

the concentration of iron as compared to control, but still 
they were still able to grow at a higher Fe2+concentration 
(500 mg/L). No significant effects were observed when the 
isolated strains were grown in the presence of Fe2+ at 125 
mg/L concentration as compared with control, but 
increasing the concentration to 1000 mg/L was, however, 
toxic to all isolated bacteria strains. 

 
 
 

 
 
Figure 4. Growth kinetics of the bacterial isolates in the absence and presence of different concentrations (125-1000 mg/L) of Fe 2+

 

sp. sp.

sp.
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Molecular and phylogenetic analysis of the isolated 
strains 

PCR amplification of the 16S rDNA gene produced 
fragments of approximately 1400 base pairs in size (Table 
.4). The resulting 16S rRNA gene sequences from iron-
tolerant isolates were compared and the closest match was 
detected using BLAST program (NCBI) and the EzTaxon-e 
database. The highest sequence similarities for the iron-
tolerant isolates were as follows: Strain DVCr1 showed 
99.93% similarity with Bacillus zhangzhouensis, accession 
numberJOTP01000061; Strain DVCr6 showed 99.93% 
similarity with Staphylococcus warneri ATCC 27836; 
Strain DVCr7 showed 100.00%similarity with Bacillus 

cereus, accession numberAE016877;Strain DVCu2 showed 
100.00% similarity with Staphylococcus pasteuri ATCC 
51129;Strain DVPb showed 100.00% similarity with 
Brevibacterium frigoritolerans DSM 8801 while Strain 
DVCr10 showed 99.79% similarity with Bacillus 
altitudinis, accession number ASJC01000029. As clearly 
shown in Figure 5, the neighbor-joining phylogenetic tree 
based on 16S rRNA gene sequences confirms that iron-
tolerant isolates fell into two genera; Bacillus and 
Staphylococcus. The 16S rDNA sequences from the 5 
strains were submitted to GenBank and are available under 
the accession numbers KX781139, KX781140, KX781141, 
KX781145 and KX781148.  

 
 
Table 4. Comparative analysis of 16S rRNA gene sequences of iron tolerant isolates from the desert varnish, using highly matched 
species available in EzBioCloud's database (Yoon et al. 2016) 
 

Isolated strains Sequence 
length 

Genbank 
accession no.

Highly matched bacteria 
accession no. % Similarity 

Bacillus sp. strain DVCr1 1411 KX781139 Bacillus zhangzhouensis JOTP01000061 99.93 
Staphylococcus sp. strain DVCr6 1409 KX781140 Staphylococcus warneri ATCC27836 (T) 99.93 
Bacillus sp. strain DVCr7 1394 KX781141 Bacillus cereus AE016877 100.00 
Staphylococcus sp. strain DVCu2 1374 KX781145 Staphylococcus pasteuri ATCC51129 100.00 
Bacillus sp. strain DVPb 1390 KX781148 Brevibacterium frigoritolerans DSM8801 (T) 100.00 
Bacillus sp. DVCr10 1422 **** Bacillus altitudinis ASJC01000029 99.79 
 
 

 
Figure 5. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences, showing the interrelationships of the isolated 
bacterial strains. The GenBank accession number of each strain is shown in parenthesis. The tree was generated using the neighbor-
joining (NJ) method (Saitou and Nei 1987) contained in the MEGA6 software package (Tamura et al. 2013). Bootstrap values based on 
1000 replications are listed at nodes. Scale bar represents 0.01substitutions per nucleotide position 
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Discussion 
Culture-dependent techniques are widely used to 

investigate microbial diversity in a variety of environments, 
particularly extreme habitats that might contain potentially 
new bacterial species. It is well known that the microbial 
world represents a wide gene pool that may be explored for 
several useful applications, such as bioremediation and 
biosorption abilities (Gandhi et al. 2015). This study is a 
part of a large-scale project aimed to investigate the 
microbial diversity associated with the rock varnish in the 
arid region of Al-Jafer Basin, Jordan. In the current study, 
focus was placed on characterization and identification of 
bacteria tolerant of iron (II) and other heavy-metals, that 
we isolated from the iron-rich varnish. Most previous 
studies aiming to isolate heavy metal tolerant bacteria have 
focused on metal-contaminated habitats, whereas in this 
work we investigated a non-polluted habitat, rock varnish, 
for the same purpose. 

After the powdered rock varnish samples had been 
initially screened, six iron-tolerant bacteria with different 
morphology showed noticeable growth in the presence of 
300 mg/ L Fe+2; these strains were designated as DVPb, 
DVCr10, DVCr6, DVCr7, DVCu2, and DVCr1. 
Encouraged by these preliminary findings, the multi-metal 
tolerance of isolates against Pb, Cu, Cr, Ag, and Hg at 
different concentrations was evaluated using MIC 
technique which is a powerful and easy technique for 
determination of heavy metal resistance (Neethu et al. 
2015) (Table1). Beside high iron tolerance capacity with 
MIC values up to 550-600 mg/L and MTC larger than 2000 
mg/L, isolates were found to exhibit different multiple 
heavy metal tolerance characteristics to Pb, Cu, Cr, Ag, and 
Hg, this phenomenon is common among isolated heavy 
metal tolerance microbes (Alboghobeishet al. 2014; 
Moghannem et al. 2015). The high level of iron oxides that 
occur naturally in rock varnish (Parchert et al. 2012) 
appears to have given the indigenous bacterial strains a 
remarkable level of tolerance to iron. In addition, the 
results reveal that all iron tolerant isolates tested for 
antibiotic susceptibility had multiple antibiotic resistances 
(Table 2). Association of antibiotic resistance with metal 
tolerance is common and well documented in many other 
studies (Gandhi et al. 2015; Neethu et al. 2015; Shammi 
and Ahmed 2016).This could be as a result of genes for 
metal tolerance and antibiotic resistance genes existing 
together on the same R-plasmid and or transposons in 
bacteria. Closely associated genes would likely be 
distributed together in the environment (Shammi and 
Ahmed, 2016; Gandhi et al. 2015). Recently, Feßler and his 
co-workers analyzed R-plasmids obtained from a bovine 
methicillin-resistant Staphylococcus aureus (MRSA) 
isolate. Their findings revealed that five different antibiotic 
resistance genes were co-located on a plasmid with heavy 
metal resistance genes (Feßler et al. 2017). 

The combination of morphological characterization and 
genetic analysis (Table 3, Table 4) enabled the 
identification of iron-tolerant isolates as follows: strain 
DVCr1, strain DVCr10, strain DVCr7 and strain DVPb 
belonging to the genus Bacillus; and strains DVCr6 and 
DVCu2 belonging to the genus Staphylococcus. All of the 

isolates were Gram-positive bacteria. As shown in Figure 
5, the phylogenetic tree based on 16S rRNA gene 
sequences confirms that the iron-tolerant isolates fell into 
two genera; Bacillus and Staphylococcus. It seems that 
because the genus Bacillus is ubiquitous in terrestrial areas 
and is extensively distributed in nature, Bacillus species are 
dominant bacteria in heavy metal-polluted areas (Zampieri 
et al. 2016; Shammi 2016; Alboghobeish et al. 2014). Also, 
the ability of Staphylococcus species to tolerate heavy 
metals has been confirmed in other research (Feßler et al. 
2017). For example, Zampieri et al. (2016) isolated metal-
tolerance Staphylococcus sp. from the polluted sediments 
of the Araça Bay on the São Paulo coast of Brazil. 

The growth capacities of iron tolerant isolates at 
temperatures between 30 and 40°C and at pH values 
ranging from 5 to 9 were demonstrated in our results 
(Figure 2-3), suggesting that the isolates we obtained might 
be suitable for bioremediation of metals under a wide range 
of temperatures and pH values. This is consistent with the 
results of the previous study where the growth of selected 
metal-tolerance strains was only slightly affected by 
different temperatures and pH values within a biological 
range (Moghannem et al. 2015). 

The growth rate of the iron tolerant isolates in the 
presence of Fe2+at 125 mg/L concentration was not 
significantly different from the growth rate of the control, 
but raising the Fe2+ concentration prolonged the lag phase 
and reduced the growth rate. Similar results have been 
reported by others (Raja et al. 2009; Moghannem et al. 
2015; Khanet al. 2016).This behavior could be explained 
by the fact that exposure to metal stress likely directs the 
energy budget of the exposed bacteria away from growth 
towards the maintenance of other functions that enable the 
bacteria to resist metal toxicity (Alboghobeish et al. 2014). 

As stated above, the isolation of bacteria tolerant of iron 
(II) and other heavy metals from rock varnish in the arid 
region of Al-Jafer basin was predicable based on results of 
research elsewhere. Samples of rock varnish from dry areas 
in continental United States, Hawaii, and Australia have 
been found to contain biochemical compounds 
(siderophores) released by microbes to mobilize a variety 
of different iron oxides that could be concentrated by 
precipitation onto bacterial cell walls (Adams et al. 
1992).Taken along with the results of our study, this 
demonstrated ability of rock varnish indigenous bacteria to 
produces iderophore and to use their cell walls to 
precipitate iron oxides, suggests that bacterial isolates from 
rock varnish could be a promising tool in the 
biogeochemical cycling of iron and other toxic heavy 
metals, and in biosorption applications for metal-
contaminated environments. Further investigations are 
needed to optimize the conditions for metal removal from 
polluted aqueous solutions by current isolates. 
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Abstract. Astiani D, Curran Lm, Mujiman, Salim R. 2017. Throughfall quantity and carbon input beneath canopy gaps of varying size 
in degraded tropical peatland forest of West Kalimantan, Indonesia. Biodiversitas 18: 1258-1264. Tropical peatland forest ecology, is 
mostly determined by peatland hydrological conditions. However, deforestation, forest degradation, or any other environmental 
disturbance can transform hydrological patterns and processes for peatland water movement, and thus alter carbon flow via water in this 
type of ecosystem. These changes arise from alteration in the quantity of throughfall (water that falls through plant canopies), in its 
interception, and in its evaporation to the atmosphere from vegetation surfaces. We have investigated the effects of a gradient of forest 
degradation levels, represented by canopy gaps (open, intermediate and closed), on throughfall quantity to the peatland forest floor. Nine 
plots, 50m x 50m in size, were stratified into the three forest canopy gap classes. Nine bucket collectors were used for throughfall, and 
tipping bucket rain gauges were set up for precipitation monitoring. Results show that annual precipitation in the area was 3,168.8 ± 
111.3 mm, with a mean monthly rainfall of 264.0 ± 15.3 mm. Throughfall monitoring demonstrated that closed canopies transferred 
significantly more water as throughfall than intermediate or open canopies, due to differences in their effect on water movement through 
the canopies. The proportion of precipitation that passed through the canopies to the forest floor as throughfall was measured to be 
76.5%, 77.3% and 89.4 %, or 202, 204 and 236 mm per month, respectively for open, intermediate, and closed canopies. It was found 
that higher levels of canopy cover resulted in significantly higher amounts of total organic carbon (TOC) content per unit of throughfall; 
specifically, 2.5 2.8 and 3.4 mg L-1 respectively for the open, intermediate, and closed canopies. When coupled with the higher quantity 
of throughfall in the closed canopy, the higher concentration of carbon results in a greater amount of carbon brought to the peatland 
forest floor by the throughfall pathway. This could also have impacts for other nutrients in the peatland soil. 

Keywords: Canopy gaps, forest degradation, peatland, total organic carbon  

 
INTRODUCTION 

Water and nutrient inputs from precipitation have 
important roles in maintaining peatlands. Rydin and Jeglum 
(2006) consider hydrology to be probably the most 
important factor influencing peatland ecology, 
development, function, and processes. Peatland forests 
have critical ecosystem functions either by mitigating or 
intensifying flooding and/or by maintaining various 
hydrological functions including drainage and the filtering 
of inputs and outputs. Hydrology controls the chemical and 
biotic processes in peatlands (Haahpalehto et al. 2011; 
Mitsch and Gosselink 1993); influences landform 
development by regulating interactions among vegetation, 
nutrient dynamics and carbon fluxes (Waddington and 
Roulet 1997); and alters gas diffusion rates, nutrient 
availability and cycling, and soil redox status (Astiani et al. 
2016; Holden 2005). Moreover, hydrological processes are 
vital for water resource management, flood prevention and 
stream water quality, and also affect carbon sequestration 
and release (Holden 2005).  

Peatlands can accumulate large amount of water. 
Saturated peat holds approximately 90-98% water by mass. 

Even if peat is not saturated (above the water table), peat is 
able to store 90-95% water by volume (Holden 2005). 
However, deforestation or any other environmental 
disturbance or change can transform these hydrological 
patterns and processes for peatland water movement, and in 
turn alter both carbon storage (pool) and flux.  

Tropical peatlands, as well as other forest types, are 
being converted to other land use types at a high rate. 
Indonesia, especially Sumatra and Kalimantan, have under 
gone rapid deforestation since 1990 (FAO 2001; Archard et 
al. 2002). Forest degradation, fire disturbance, and changes 
in land cover alter ecological functions especially within 
peat forest ecosystems. In tropical forests, the effects of 
forest conversion by fire or for agricultural uses have 
resulted in severe changes in the hydrological cycle, with 
alteration of soil water storage and the ability to abstract 
water from soil depth (Brown et al. 2013; Turetsky et al. 
2015).  

The most important changes in hydrological fluxes as a 
consequence of forest conversion is the alteration in the 
quantity of water intercepted and evaporated to the 
atmosphere from vegetation surfaces (Dietz et al. 2006). 
However, less information is available for the impacts of 
more gradual changes in vegetation structure such as 
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arising from logging practices or alteration in 
landcover/forest conditions. Until recently, we have very 
little empirical studies in tropical peatland forests that 
especially focused on hydrological events dealing with 
carbon and nutrient flows as inputs and outputs of this 
ecosystem. Calculating the nutrient inputs and outputs 
through water in peatlands can be facilitated by 
constructing a water balance for the ecosystem (Carter, 
1986). This water balance equation requires quantifying 
water movement into and out from peatlands, including 
throughfall, stemflow, and ground water exchanges during 
a specified period. Wikipedia mention that “Throughfall is 
the precipitation that passes directly through a canopy or is 
initially intercepted by above-ground vegetative surfaces 
and subsequently drips from the canopy, whereas stemflow 
is the precipitation that drains from outlying leaves and 
branches and is channeled to the bole (or stem) of plants”.  

The main objective of the study reported here was to 
estimate in one tropical forest peatland, the quantity and 
carbon content of that portion of the incident rainfall that is 
partitioned into throughfall, and to assess the impact on 
these parameters of variation in the forest cover arising 
from gaps in its canopy.  

MATERIALS AND METHODS 

Study site 
The study was conducted on a rain-fed coastal peat 

swamp forest in Kubu Raya District, West Kalimantan, 
Indonesia (0013’ S and109026’ E, ca~ 4 m a.s.l.). Mean 
annual rainfall is 3,195 mm ± 156 (mean ± s.d. 2000-2014, 
Supadio Airport, <3km from the site). In ‘normal’ years, no 
months with ≤100 mm rainfall are recorded, but some 
variation in dry season severity occurs at the onset of the El 
Niño Southern Oscillation (ENSO); e.g. three consecutive 
dry months ≤100 mm in rainfall. Recent ENSO-associated 
droughts occurred in this region in 2004, 2006, and 2009. 
Figure 1 depicts the Kubu Raya study site and the 
surrounding land use context. These forests have been 
degraded by low-impact logging that likely occurred in 
2002. However we have determined that the site represents 
the least disturbed contiguous block of peat swamp forest 
available and is representative of peat land being converted 
or lost to fire. Nine sample plots were marked out for the 
study, stratified according to three levels of canopy cover 
(<30%, 30-60%, and >60% canopy gaps). 

 
 
 
 

 
 
Figure 1. Study site at Kuala Dua Kubu Raya, West Kalimantan Indonesia 
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Figure 2. A. Throughfall collectors, B. Hobo set up under forest 
canopy 

 

 

Bulk precipitation 
Precipitation monitoring used tipping bucket rain 

gauges (Rain Wise Inc.). Two monitoring buckets were 
placed in bare land <300m from the forested peatland and 
connected to a data logger (Campbell Scientific, Inc). 
Adding to previous data from 2009-2011, at the beginning 
of January 2013, the data loggers were programmed to 
record measurements of rainwater inputs within 30 minutes 
intervals. In addition, daily rainfall data was obtained from 
Supadio Airport weather station (~3 km from research 
area) throughout 2015. These values were compared, and 
compiled as bulk precipitation data for the area. 

Throughfall  
Throughfall was measured in nine 50m x 50m plots that 

were stratified in three forest canopy gap classes, <30%, 
30-60%, and >60%. The throughfall quantities were 
monitored using tipping bucket rain gauge (Rain wise Inc.). 
Each tipping bucket was connected to a data logger. Three 
tipping buckets were recorded at this site both from July 
2009 to December 2011 and from January 2013 through to 
December 2015, in three canopy gaps classes determined 
by Spherical Crown Densiometer (Forestry Suppliers Inc.). 
These approximate canopy gaps measurements were 
refined using LAI-2000 (Licor Inc., in January 2013the 
LAI reading ranged between 0.32-5.06).  

In addition to the tipping bucket monitoring (Figure 
2.B), throughfall quantity was also collected in each plot 
using nine bucket collectors connected to plastic funnel by 

flexible plastic tube. The plastic funnels were placed 
upright with wood/PVC bar support at about 1 m above 
ground (Figure 2.A). To prevent unintentional litterfalls 
and water clogging the plastic funnels, we used 
polyurethane foam at the funnel necks. These collectors 
were distributed to the three canopy gap classes.  

The contents of the collectors were measured 2-4 times 
a week depending on the frequency and intensity of rain. 
Throughfall was quantified monthly to bimonthly, 
depending on the frequency and quantity of rainfall events, 
to avoid over-flow in the collectors. Each month, we 
transferred water samples from each collector into 0.5 L 
amber glass vials, and kept them in a refrigerator at a 
temperature of approximately 30 C for carbon and chemical 
pollutant analysis. Eight analyses annually were carried out 
from monthly samples in 2009/2011, and four samples 
were analyzed between 2013 and 2015, distributed to 
represent both dry and wet months. These samples were 
analyzed for inorganic and organic C, mineral nitrogen and 
sulphur, with similar procedures as for precipitation. 

Data analysis 
For the measurement of throughfall and rainfall, data 

are expressed as the mean and standard error (SE), together 
with a 95 % confidence interval. To test throughfall under 
different canopy gap classes, one-way repeated measures 
ANOVA analysis and then pairwise comparisons were 
made between the canopy gaps classes. Similar analyses 
were carried out to compare gap classes for carbon and 
chemical constituents in the throughfall. Repeated 
measures ANOVA analyses were used to compare the 
canopy gap classes within and across times of sampling. T-
tests were used to examine potential differences between 
dry and wet seasons in the quantity of throughfall and the 
concentrations of dissolved organic carbon (DOC) and 
particulate organic carbon (POC).  

RESULTS AND DISCUSSION 

Rainfall carbon and nutrient input 
Monthly mean precipitation (2009-2015) was 257.3 

with SE = 15.3 mm (n=72) (Figure 2). Annual precipitation 
averaged 3,138.9 ± 122.5 mm (n=6) over the six years. 
Based on the monthly and annual precipitation data, 
coupled with values for carbon content of rainfall, we 
estimate that the annual carbon input from precipitation 
was 0.07 ± 0.003 Mg C ha-1 or ≈ 0.25 ± 0.01 Mg CO2 -e ha-

1. Similar methods, coupling N-NO3 and S-SO4 
concentrations in 2 years (means of 1.65 mg/L and 3.94 
mg/L, respectively) to annual precipitation , provided 
estimates of the mean annual inputs for N and S equivalent 
to 0.05 ± 0.002 Mg ha-1 and 0.12 ± 0.005 Mg ha-1, 
respectively. 

 

A B 
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Figure 3. Mean monthly rainfall (mm) distribution (2009-2015) collected in peatland forests area of Kuala Dua, West Kalimantan, Indonesia 
 
 
 
 
 

The water balance on the earth’s surface can be 
disrupted because of forest degradation and conversion, 
especially in terms of the partitioning of bulk precipitation 
into evapotranspiration, surface runoff, and groundwater 
flow (Sahin and Hall 1996). Generally, surface runoff and 
stream outflow increase when forest is cleared or degraded 
(Sahin and Hall 1996; Piao et al. 2007). 

The ability of peatland forests to sequester high carbon 
stores - especially in peat soil - indicates that these forests 
play a major role in moderating atmospheric CO2 
concentrations. However, forest degradation, fires, 
conversion to agricultural land, and altered drainage, 
combined with temperature and precipitation change, are 
converting peatlands into sources of carbon rather than 
stores/sinks of carbon (Fargione 2008). Because 
hydrological processes occupy such a significant role in 
tropical peatland dynamics, forest degradation and 
conversion may impart a profound effect on the water 
balance, as well as on the flow of carbon and nutrients in 
and through the peatlands.  

Throughfall under peatland forests 
Five years of throughfall monitoring, reveal fluctuations 

in its monthly distribution. The distribution is depicted in 
Figure 4. The monthly mean and SE was 190.9 ± 9.9 mm. 
The highest throughfall in one month was 442.8 ± 15.2 mm 
and the lowest was 138.7 ± 14.3 mm. The mean throughfall 
within the forest demonstrated that ~80% of monthly 
rainfall reached the forest floor as throughfall. Monthly 
throughfall was highly correlated with rainfall (Figure 4b, 
R = 0.86) across the year.  

Several other studies on the effect of logging on rainfall 
partitioning have yielded results that are relevant to our 
study. In a lowland mixed Dipterocarp forest in Central 
Kalimantan, Indonesia, the rainfall interception was 11% of 
precipitation in an unlogged natural forest and 6% of 
precipitation in a logged forest (Asdak et al. 1998). In 

another lowland mixed Dipterocarp forest in northern 
Borneo, (Sabah, Malaysia), 91% of precipitation reached 
the ground as throughfall in an unlogged natural forest, 
whereas 80% and 84% throughfall were recorded in plots 
of moderately and highly damaged patches of forest 
respectively (Chappell et al. 2001), indicating that 
interception rates increased with disturbance intensity. 
These two studies from lowland mixed Dipterocarp forests, 
highlight the fact that logging through its effect on forest 
cover produces changes in rainfall partitioning. 

When coupled with carbon content in throughfall, 
dissolved organic carbon (DOC) and particulate organic 
carbon (POC) contribution from throughfall is estimated at 
0.023 ± 0.005 and 0.052 ± 0.0052 Mg C ha-1 y-1 
respectively, i.e. total C input is 0.075 or ≈ 0.28 Mg CO2 -e 
ha-1y-1. Precipitation is a significant tool for nutrient 
movement from the forest canopy to soils. Dissolved 
materials in precipitation are the principal inputs of plant 
nutrients to ombrothrophic peats (Moore and Bellamy 
1973). In forested peatlands, some bulk precipitation 
falling on tree canopies is intercepted while the reminder 
reaches the forest floor as throughfall and stemflow, which 
carries in nutrients and pollutants. Leaching of the foliage, 
branches and stems also transfers dry deposited material 
from canopy to the soil surface. Dezzeo and Chacon (2006) 
have reported significant inputs of nutrients in throughfall 
and stemflow compare to the nutrient content of the 
incident rainfall - especially for K - with throughfall and 
stemflow amounts representing 71-77% and 2-8% of the 
annual incident rainfall, respectively.  

There was large variability of throughfall among the 
plots, with values ranging between 30.8 to 531.5 mm per 
month (Figure 5). The large variability in throughfall was 
due to differences in forest structure and composition. Our 
previous study indicated that the amount of water through 
stemflow also varied in accordance with species 
composition of the study area (Astiani et al. 2017). In that 
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study, the variability in tree density and canopy closure was 
large (Astiani 2016). Here, forest cover acted as mediator 
of the transfer of precipitation to soil. Water capture and 
distribution in a forest is influenced by tree and stand 
structure of the vegetation such as vertical and horizontal 
of leaf arrangement, leaf morphology, branching, tree age, 
and density (Levia and Frost 2006; Holder 2007); and as 
well as by landscape features e.g., topography, slope aspect 
landscape position and wind (Dietz et al. 2006; Weathers 
2006). Variability in tree density and canopy closure has 
significant impacts on carbon sequestration and stocks 
(Astiani and Ripin 2016), and also on soil nutrients 
(Lawrence et al. 2007). 

Stem density, tree height, and canopy properties (i.e. 
leaf area index, canopy cover, crown surface area and 
epiphytes) may alter throughfall (Levia & Frost 2006). 
Figure 5 shows the spatial variability in throughfall 

between our nine sample plots arising from the above 
factors.  

Effects of canopy gaps on throughfall quantity  
Further analysis using One-Way Repeated Measures 

Analysis indicated significant differences in throughfall 
between different canopy gap levels. Closed canopies 
delivered higher amount of water to the forest floor than 
open canopies (p= <0.05) (Figure 6a). The proportion of 
the incident precipitation that became throughfall was 
measured at 76.5, 77.3 and 89.4 % or 202, 204, and 236 
mm per month, respectively, for open, intermediate and 
closed canopy. Other results have shown that differences 
between tree species have significant impacts on the 
quantity of rainfall partitioned through stemflow; smooth-
barked tree species deliver more precipitation as stemflow 
to the forest floor than do rough-barked species (Astiani et 
al. 2017).  
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Figure 4. A. Mean monthly throughfall (mm) distribution for 2009 -2015; B. Pearson correlation between rainfall and throughfall. They 
were highly correlated (R=0.866) 
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Figure 5. Spatial variability in throughfall between the nine plots measured in the peatland forest  
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The results imply that forest degradation and species 

losses could have significant influence on the hydrological 
system of tropical peatland forest and can be used to 
predict hydrological impact on the larger peatland 
landscape (Ahmad-Shah & Rieley, 1989; Nadkarni & 
Sumera, 2004). Among alterations in rainfall partitioning 
that arise from forest degradation, changes in the quantity 
of throughfall could have a significant influence on the 
amount of carbon reaching the soil, both from the rainfall 
and from forest canopy leaching  

 Figure 6b. shows that dissolved organic carbon in 
throughfall was not significantly different among the three 
forest canopy cover levels; however, greater tree density 
with higher canopy cover had a significant impact on the 
quantity of particulate organic carbon brought from the 
canopy onto the forest floor. Higher canopy cover resulted 
in significantly greater amounts of total organic carbon 
(TOC) content per unit volume of throughfall (3.4, 2.8, and 
2.5mg L-1 respectively for closed, intermediate, and open 
canopies, Figure 6c). It is clear that the greater quantity of 
throughfall coupled with its higher concentration of 
particulate matter, results in minimally degraded forest 
with a closed canopy delivering more carbon and 
presumably other nutrients into the peatland soil than 

occurs under degraded canopies. These results are in 
general agreement with those of Ponnete-Gonzales et al. 
(2010) who report that forest landcover changes have a 
significant influence on the quantities of nutrients (N, S, 
and C) received by forest soils from precipitation.  

Further analysis, comparing dry seasons and rainy 
seasons show significant differences both in the quantity 
and the total carbon content of the throughfall between the 
seasons. T-test comparison revealed that the carbon content 
(mg/L) of the throughfall in the dry months was ~18 times 
higher than in the wet months in 2013. When coupled with 
the throughfall quantities, the total carbon input was 4.3 
times higher in dry months (Figure 7a and 7b). In the dry 
season, carbon concentration in precipitation water 
increased sharply due to higher levels of soil particles in 
the atmosphere. On the other hand, the water quantity from 
precipitation was higher in rainy season, therefore lowering 
the carbon concentration of the rainfall and the throughfall 
resulting from it. 

The results of this study demonstrate the impact that 
forest degradation has in reducing the amount of water 
falling onto peatland forest floor through the throughfall 
mechanism. This, in turn, alters the dynamics of carbon-
flow in and through the tropical peatland ecosystem. 
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Figure 6. A. Throughfall quantity; B. Dissolved Organic Carbon (DOC); and C. Total Organic Carbon (TOC), among canopy gaps 
(closed, intermediate and open) in tropical peatland forest of West Kalimantan, Indonesia 
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Figure 7. A. Dry and rainy seasons comparison on carbon content delivered to forest floor through the throughfall mechanism; B. Dry 
and wet season comparison of throughfall quantity 
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Abstract. Hendrati PM, Kusharyati DF, Ryandini D, Oedjijono. 2017. Characterization of Bifidobacteria from infant feces with 
different mode of birth at Purwokerto, Indonesia. Biodiversitas 18: 1265-1269. Bifidobacteria belongs to the so-called beneficial 
intestinal flora. Before attempting to raise their intestinal levels to improve the health status of the host, it is importance to know about 
physiological variations in the Bifidobacterial colonization of the human intestine. Birth process influenced the diversity of 
Bifidobacteria in infant feces. This research was intended to isolate and characterize Bifidobacterium spp. as well to evaluate their 
presence in the feces of infants who were born by mode of normal, caesarean and premature. The research was conducted by survey 
method and data were analyzed with descriptive analysis. Bifidobacterium character was observed include colony and cell morphology. 
The biochemical test included catalase, oxidase, indole, Voges-Proskauer, different pH growth, and resistance to lysozyme. 
Bifidobacterium metabolites obtained tested its bacterial activity to Salmonella typhimurium and Escherichia coli. The result of this 
research showed that 35 isolates are suspected Bifidobacterium group and after API 20 A test showed 17 isolates are rally genera of 
Bifidobacterium spp.and all isolates come from infant feces with caesar and premature delivery. These isolates inhibited the growth of S. 
typhimurium and E. coli with different inhibitory capabilities. This finding is very important for science and medical point of view and 
could be developed with further research. 

Keywords: Bifidobacteria, Characters, Mode of birth, Infant feces  

INTRODUCTION 

Probiotics are living microorganisms that provide 
health benefits to the host when ingested in adequate 
amounts  (Bermudez-Brito et al. 2012). In recent years, 
many studies have shown that probiotics can cure a variety 
of diseases, such as diarrhea, colitis, urinary tract infection, 
hypertension, allergies, and cancer. Probiotics benefits are 
important from an early age. The previous few years, the 
safe test of probiotic bacteria are on the group of 
Bifidobacteria, i.e. Bifidobacterium lactis. The probiotics 
use for children was focused on the prevention of diarrhea 
and allergies as well as increasing the number of 
Bifidobacteria in the gut. Bifidobacteria is the dominance 
microorganism in the human digestive tract of adults and 
infants (Holzapfel et al. 2001). The dominance of 
Bifidobacteria in the human digestive tract is about 10% in 
adults and up to 90% in infants (Harmsen et al., 2000a) that 
were analyzed from stool samples. Bifidobacteria colonize 
the intestine of infants during birth and the first week after 
birth (Heidarpour et al. 2008). Narayanan and Subramonian 
(2015) showed that there are about 29 Bifidobacteria 
species that have been identified, including eleven species 
isolated from infant feces. The most frequently isolated 
Bifidobacteria species in infant feces are B.bifidum, 
B.longum, B. infantis and B. breve. These organisms are 
Gram-positive, non-motile, non-spore forming, anaerobic, 
and pleomorphic rods. Some researchers suspect that the 
presence of intestinal Bifidobacteria in infants is affected 

by birth process (Mariat et al. 2009). During vaginal birth 
process (normal), the contact with vaginal and intestinal 
flora are important resources to begin the colonization in 
infants, while during a cesarean birth process, direct 
contact of infant’s mouth with vaginal and intestinal 
microbiota are not happen, and the intestinal colonization is 
derived from the skin of his parents, workers, and medical 
equipment (Lif Holgerson et al. 2011).  

The composition of the microbiota at the beginning of 
human life can affect the health for several months. 
Biasucci et al. (2008) stated that the composition of 
microbiota in infants plays an important role in the 
development of the post-partum immune system. The 
development of fecal microbiota in neonates is important 
because those bacteria are the first to colonize the sterile 
intestine of the neonates and, thus, have a significant effect 
on the host. Bifidobacteria are predominant in the fecal 
microbiota of infants, and, therefore, they are important to 
an understanding of how commensal Bifidobacteria is 
established in the intestine of infants (Mikami, Kimura, and 
Takahashi.2012). The important of Bifidobacterium is the 
ability to produce antimicrobicrobial compounds called 
bacteriocin (Aly et al. 2006). 

The problem of this research is “how is the dominance 
of Bifidobacterium sp. from the feces of infants with a 
different birth process (normal, cesarean, and premature)?”. 
Information of Bifidobacterium isolated from newborn 
feces is still lack in Indonesia. This reason encourages 
researcher to explore Bifidobacterium from infant feces 
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especially in Purwokerto. The research on Bifidobacteria as 
the agent of probiotics is currently being developed by 
isolating the potential isolate from infants feces with the 
different birth process. Vaginal birth process and 
breastfeeding will stimulate the presence of Bifidobacteria 
in the gastrointestinal tract of infants. The research was 
intended to isolate and characterize the Bifidobacterium 
spp. as well as to evaluate their presence in the feces of infants 
who were born by modes of normal, caesarean and premature. 

MATERIALS AND METHODS 

The research was conducted at Laboratory of 
Microbiology, Faculty of Biology, Jenderal Soedirman 
University using survey method. The feces were taken 
from 10 until 12 days old infant with the different birth 
process (normal, cesarean, and premature). Samples were 
taken randomly, i.e. feces from 2 normal, 2 cesar, and 1 
premature birth process. The data was analyzed with 
descriptive analysis. Determination of Bifidobacterium spp. 
was based on the morphological, chemical, and sugar test. 
Manual characterization refers to Bergey's Determinative 
Bacteriology, Cowan and Steel's Manual for the 
Identification of Medical Bacteria, World Journal of Dairy 
& Food Sciences, International Journal of Food 
Microbiology, Applied and Environmental Microbiology, 
and followed by API 20A(Biomériux) test  

Procedures 
Isolation  

Isolation of Bifidobacterium sp. from infants’ feces 
used the Modification of Gronlund (Modification of 
Gronlund et al., 2009). Samples were taken aseptically 
from 5 feces of under one month-aged infant with the 
different birth process (normal, cesarean, and premature). 
A 5 g of feces was added with 45 mL of sterile distilled 
water, then homogenized and diluted for up to 10-4. The 
last two dilutions were used to isolate the bacteria using de 
Man, Rogosa, Sharpe Agar (MRSA) Oxoid with a spread 
plate method in duplicate and were anaerobically incubated 
at 300C for 24 hours. 

Identification  
Morphological characterization. Morphology of 

colony. Colony characterization was performed in MRSA, 
such as shape, size, surface, elevation and edge formation 
of the colony. 

Cellular characterization. Gram staining. One loop of 
the single colony was taken, and then was smeared on a 
glass object. Crystal violet dye was dropped for 1 minute, 
and then was washed. Mordant solution (Lugol's iodine) 
was dropped as the second dye for one minute, and then 
was washed. Ethanol 96% was dropped gently, until it was 
lightly crisp, and then was washed. Safranin was dropped 
for one minute, and then was washed. The glass object was 
air-dried, then was examined under the microscope. The 
cells of Gram-positive bacteria were purple in color. 
Meanwhile, Gram-negative bacteria were red. Motility 
test. An ose of the single colony was stab inoculated on 

Sulphide Indole Motility Agar (SIMA) medium, and then 
was incubated at room temperature for 2x24 hours. The 
spread of growth was observed. A positive result was 
interpreted with pellicle formation on the surface of the 
medium.  

Biochemical test 
Catalase test. One loop of the single colony was 

smeared on glass object, and then was dropped with the 
H2O2 reagent. A positive result was interpreted with gas 
bubbles formation.  

Test indole. One loop of single colony was inoculated 
into indole medium (Tryptone Broth) for 2x24 hours at 35-
360C. Then, the medium was added with Kovac’s Indole 
reagent. Positive the result was interpreted with pink rings 
formation on the surface of the medium.  

Voges-Proskauer test. One loop of the single colony 
was inoculated into Methyl Red Voges Proskauer (MR-VP 
medium, and then was incubated for 2x24 hours at 300C. A 
total of 3 drops of 40% KOH and 2 drops of alpha-naphthol 
reagent were added to the medium. A positive result was 
interpreted as color change into the pink medium.  

Oxidase test. One loop of the single colony was 
covered with a piece of filter paper, and then was added by 
1-2 drops of reagent (tetramethyl-D-phenylenediamine 
dihydrochloride). Positive result was interpreted with a 
color change to maroon blue. 

Measurement of Total Lactic Acid. A total of 2 mL of 
24 hours bacterial culture was taken, and then was diluted 
with 20 ml of distilled water and was shaken. Then, 3 drops 
of phenolphthalein (pp 1%) were added and titrated with 
0.1 N NaOH solution until a light pink color formation. 

Resistance test to Lysozyme. MRSA medium was 
added with the white part of the egg containing lysozyme 
(200 mg.ml-1). The medium was poured into a sterile dish 
and allowed to solidify. A 1 mL of bacterial culture was 
inoculated on Bifidobacterium medium, then was 
anaerobically incubated for 24 hours at 35-360C. The 
bacterial resistance was shown by the growth of 
Bifidobacterium in the medium  

The pH range Growth test. Strains isolated MRS 
broth was grown in media with pH 4,7,9 and was incubated 
for 24 hours at a temperature of 370C. 

API 20A (Biomériux) test 
The colony isolated from infants feces was re-cultured 

on MRSA medium and anaerobically incubated for 24 
hours, then 3 loops of the colony was taken and identified 
with kit of API 20A. Indole test was added with mineral 
and anaerobically incubated for 24 hours. Indole test 
interpretation needs the addition of XYL and EHR reagent. 
The sugar test, glucose-arabinose, and glycerol-trehalose 
need the addition of BCP reagent. Catalase test was added 
by H2O2. The data was analyzed in the web of API 20 

 Inhibition test against pathogenic bacteria 
Bacterial culture. Salmonella typhimurium and 

Escherichia coli were re-cultured in 100 mL Nutrient Broth 
(NB), and incubated in the shaker of incubator at 150 
rotary per minute (rpm) for 24 hours. 
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Antibacterial activity. Suspension of S. typhimurium 
and E. coli were inoculated on 10 mL Nutrient Agar (NA) 
medium (spread plate method). 0.1 mL supernatant was 
dropped on Sterile paper disc with the diameter of 6 mm. 
Then, the paper disc was placed on the surface of NA 
medium (which had been inoculated with S. typhimurium 
and E. coli), then incubated for 24 hours at 300C. 
Antimicrobial 1% of 24 hours culture of Bifidobacterium 
spp. was inoculated into MRSB medium, and centrifuged at 
13,000 rpm for 15 minutes. The supernatant was adjusted 
with 1 N of NaOH to pH 6.5(neutralized), and heated at 
1000C for 15 minutes. Antimicrobial activity was 
determined by measuring the clear zone around the paper 
disc after incubation.  

RESULTS AND DISCUSSION 

Characterization test  
Based on the results of the morphological and 

biochemical test, there are 35 isolates belonging to the 
genus Bifidobacterium. Morphology of colonies is similar 
in color, shape, surface and elevation, but quite different on 
the size and edge formation. The milky white colonies have 
a flat edge/ smooth (entire), some are uneven like wool, 
round shape, shiny surface, convex elevation with varying 
sizes. These isolates have morphological characters 
referring to genus Bifidobacterium , i.e. colony with milky 
white color or slightly creamy, rounded form with the 
diameter of 0.1-0.5 mm as well as Gram-positive 
(Wasilewska and Bielecka 2003; Lievin 2000; Hadadji et 
al. 2005).  

Biochemical tests  
The results of biochemical tests of 35 isolates by Gram 

staining test were confirmed as Gram-positive bacteria as 
the purple cell. Gram-positive bacteria do not undergo 
decolorization so it stays shiny purple with color of crystal 
violet staining and the end is not stained by safranin and 
Gram-positive bacteria contains a peptidoglycan thick. 
Motility test showed that all isolates showed no spreading 
pellicle formation on the surface of the medium and 
without turbidity;therefore it was interpreted as nonmotile 
bacteria. Garrity et al. (2005) showed that the motility test 
positive if growth isolates form a pellicle widespreading on 
the surface of the medium, while it didn’t show the spread 
of pellicle on the medium surface, named nonmotile. The 
positive reaction of catalase test is indicated by the 
formation of O2 gas bubbles as the breakdown of H2O2 by 
catalase enzyme produced by the bacteria. The negative 
reaction to calatase test is indicated by no formation of gas 
bubbles. According to Hadadji et al.(2005), 
Bifidobacterium is catalase negative-bacteria. Indole test 
showed a negative result, indicated by no formation of the 
pink ring on the surface of the medium. Zinedine and Faid 
(2007) stated that Bifidobacterium is negative in indole 
test.Voges-Proskauer test showed the negative result, 
indicated by color change into pink or dark red after a few 
drops of 40% KOH and alpha-naphthol 5%. Venkatesn et 
al (2012) stated that Bifidobacterium shows a negative 

result in VP tests, because the bacteria do not ferment 
mixed acid or butanediol fermentation. Oxidase test 
showed the positive result, indicated by blue-black color 
formation after a few drops of tetramethyl-D-
phenylenediamine dihydrochloride. The color change is 
due to the cytochrome enzyme oxidase the reagent. 
According to Feliatra et al. (2004), Bifidobacterium shows 
a positive result in oxidase test. Our data of lactic acid 
concentration from 35 isolates were ranged from 0.05-
0.224%. According to Silalahi and Ikhsan (2010), longer 
fermentation leads to the greater production of lactic acid. 
This is due to the increase length of fermentation time that 
increases the number of cell, therefore it increases the 
microbial activity to produce lactic acid. 

Lysozyme test results showed that all isolates were able 
to grow on de Man, Rogosa and Sharpe Agar (MRSA) 
medium supplemented with the white part of the egg 
(containing lysozyme). According to Gagnon et al. (2004), 
the Bifidobacterium is more resistant to white-egg 
lysozyme or digestive tract than other bacteria, even at the 
concentration of 300μg/ ml which is higher than the 
concentration of intestinal lysozyme. The test results 
showed that the pH range for the better growth of 
Bifidobacterium spp. is at pH 7 than pH 4 and pH 9. 
According to Biavati et al. (2000), the Bifidobacterium is 
an acid-tolerant microorganism with an optimum pH range 
of 6.5-7.0   

API 20A test  
Indole test, after the addition of XYL reagent (2-3 min) 

and EHR (5 min), indicated a positive result with red color 
and the negative result with yellow color. Urease test, after 
the addition of XYL reagent (2-3 min) and EHR (5 min), 
indicated a positive result with red color and the negative 
result with yellow color. The test of Glucose, mannitol, 
lactose, saccharose, maltose, salicine, xylose, arabinose, 
glycerol, cellobiose, mannose, melezitose, raffinose, 
sorbitol, rhamnose, and trehalose, after the addition of BCP 
reagent, showed that the positive result was indicated by 
yellow or yellow-green, and the negative result was 
indicated by purple color. Gelatin positive test was 
indicated by the occurrence of black pigment with diffusion 
and negative result was without diffusion. Esulin positive 
test was shown in black brown and fluorescent, the 
negative result was shown in yellow without fluorescent. 
The result of API test showed that 17 of 35 isolates were 
confirmed as genus Bifidobacterium namely BC4, BC5, 
BC6, BC7, BC8, BC10, BC13, BC14, BC15, BC16, BC17, 
BC18, BC19, BP1, BP6, BP7, dan BP9 (Figure 1). In 
normal birth process, contact between infant and 
nonpathogenic bacteria in mother’s vagina bacteria lead to 
colonization of probiotic bacteria, while in caesar and 
premature birth processes, infant doesn’t have a chance of 
that contact, therefore colonization of probiotic bacteria 
doesn't occur. In this research, the feces of infants in 
normal birth process did not contain any Bifidobacteria in 
their fecal samples. This is presumably due to fecal 
samples of infants having mothers who live in rural areas 
that their modes of feeding do not fulfill the nutrition 
during pregnancy (Figure 1, 2 and 3). 
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Figure 1. Distribution of 35 isolates suspected of Bifidobacterium 
after API 20A test. Note: Nnb: normal birth, non Bifidobacterium, 
Nbi: normal birth, Bifidobacterium, Cnb: Caesarean birth, non 
Bifidobacterium, Cbi: Caesarean birth, Bifidobacterium, Pnb: 
Premature birth, non Bifidobacterium, Pbi: Premature birth, 
Bifidobacterium 
 

Inhibitory activity test 
Figure 2 and Figure 3 show that the inhibitory activity 

test of 17 isolates belonging into Bifidobacterium spp. 
against E. coli and S. typhimurium. The diameter of the 
inhibitory zone of supernatant with NaOH 1 N addition 
against E. coli ranges from 6.00-13.8 mm and diameter of 
the inhibitory zone of supernatant without the addition of 
NaOH 1 N against E. coli ranges from 6.8-12.5 mm. The 
diameter of the inhibitory zone of supernatant with NaOH 
1 N addition against S. typhimurium ranges from 6.00-11.5 
mm and diameter of the inhibitory zone of supernatant 
without the addition of NaOH 1 N against S. typhimurium 
ranges from 7.19-12 mm. 

 

 
Figure 2. Diameter of inhibitory zone secondary metabolites of 
Bifidobacterium without the addition of NaOH  
 

 
Figure 3. Diameter of inhibitory zone secondary metabolites of 
Bifidobacterium with the NaOH addition  

Discussion 
The results showed that the diameters of the inhibitory 

zone of supernatant without NaOH 1 N addition are varied. 
This result is due to the present of lactic acid as the 
antimicrobial agent. The present of Lactic acid from the 
fermentation of the Bifidobacterium spp. has several 
advantages, such as high solubility, low toxicity and as an 
effective antibacterial property (Lye et al.2009). The lactic 
acid can suppress the growth of pathogenic bacteria, and 
reduce the infection and carcinogenic effects (Venkatesan 
et al. 2012).  

The clear zone formation indicates the ability of 
metabolite of Bifidobacterium spp. in inhibiting E. coli and 
S. typhimurium. The NaOH addition to pH 6.5 aims to 
eliminate the influence of the produced acid during 
metabolism, therefore the inhibition of E. coli and S. 
typhimurium is expected due to the activity of bacteriocins. 
Supernatant consisting of bacteriocins produces a clear 
zone with clear boundaries because bacteriocins are 
bactericidal which produce acid or other antimicrobial 
components which are bacteriostatic. According to Ray and 
Field (1992), bacteriocins produce a really clear zone. If 
there is no clear zone, it is estimated as the action of 
hydrogen peroxide, acid or diacetyl. Hydrogen peroxide is 
produced by lactic acid bacteria that can damage the 
structure of the microbial lipid membrane, thus will 
increase the membrane permeability, and then it will 
damage the structure of nucleic acids and proteins of the 
cell (De Vuyst and Leroy 2007). 

Bacteriocin is secondary metabolites of lactic acid 
bacteria. Bacteriocins have the same way of working with 
antibiotic, which is able to inhibit the growth of certain 
bacteria. Bacteriocins in performing the antimicrobial 
activity will attack the cytoplasm (Naidu and Clemens, 
2000). Mechanism of bactericidal activity of bacteriocins 
generally starts from a molecule bacteriocins that come into 
direct contact with the cell membrane, therefore the process 
of this contact causes the disturbation of membrane 
potential, i.e. destabilization depolarization of the 
cytoplasmic membrane, therefore the cells cannot survive. 
Membrane fluidity impacts the formation of holes or pores 
in the cell membrane through the disruption of Proton 
Motive Force (PMV) (Rodney et al. 2014). 

In conclusion, there are 35 isolates expected to be 
Bifidobacterium group. After the API 20A test, 17 isolates 
from normal birth process, 14 isolates from cesarean birth 
process, and 3 isolates from premature were confirmed to 
be genus Bifidobacterium spp.. All these isolates inhibited 
the growth of S. typhimurium and E. coli and can also be 
used as potential inoculum in fermented healthy beverages. 

REFERENCES 

Aly S, Ouattara Cheik AT, Bassole Imael HN, Traore SA. 2006. 
Bacteriocins and lactic acid bacteria-a minireview. African J 
Biotechnol 5 (9): 678-83. 

Bermudez-Brito M, Plaza-Díaz J, Muñoz-Quezada S, Gómez-Llorente C, 
Gil A. (2012). Probiotic mechanisms of action. Ann Nutr Metab 61: 
160-174. 



HENDRATI et al. – Bifidobacteria from infant faeces in Purwokerto, Indonesia 

 

1269

Biasucci G, Benenati B, Morelli L,Bessi B, Boehm G. 2008. Cesarean 
delivery may affect the early biodiversity of intestinal bacteria. J Nutr 
138 (9): 1796S-1800S. doi: 138/9S-II/1796S [pii]. 

Gagnon M, Kheadr EE, Le Blay G, Fliss I. 2004. In vitro inhibition of 
Escherichia coli O157: H7 by bifidobacterial strains of human origin. 
Intl J Food Microbiol 92 (1): 69-78.  

Garrity GM, Brenner DJ, Kreig NR, Staley JT. 2005. Bergey's Manual of 
Systematic Bacteriology. Vol 2, The Proteobacteria. Springer, New 
York.  

Feliatra, Efendi I, Suryadi E. 2004. Isolation and identification probiotic 
bacteria kerapu macan fish in attempt fish feed efficiency in an effort. 
Jurnal Natur Indonesia 6 (2): 75-80. [Indonesian] 

Hadadji M, Benama R, Noureddine S, Saidi N, Henni DE, Kihal M. 2005. 
Identification of cultivable Bifidobacterium species isolated from 
breast-fed infants feces in West-Algeria. African J Biotechnol 4 (5): 
422-340.  

Harmsen HJ, Wildeboer-Veloo AC, Raangs GC, Wagendorp AA, Klijn N, 
Bindels JG,, Welling GW. 2000. Analysis of intestinal flora 
development in breast-fed and formula-fed infants by using molecular 
identification and detection methods. J Pediatr Gastroenterol Nutr 30: 
61-67. 

Holzapfel W, Haberer P, Geisen R, Bjorkroth J,, Schillinger U. 2001. 
Taxonomy and important features of probiotic microorganisms in 
food and nutrition. Amer Soci Clin Nutr 73: 365S-373S. 

Lievin V, Peiffer I, Hudault S, Rochat F, Brassart D, Neeser JR, Servin 
AL. 2000. Bifidobacterium strain from resident infant human 
gastrointestinal microflora exerts antimicrobial activity. Gut 47: 646-
652.  

Lif Holgerson P, Harnevik L, Hernell O, Tanner ACR, Johansson I. 2011. 
Mode of Birth Delivery Affects Oral Microbiota in Infants. J Dental 
Res 90 (10): 1183-1188.  

Lye H, Kuan C, Ewe J, Fung W, Liong M. 2009. The improvement of 
hypertension by probiotics: effects on cholesterol, diabetes, renin, and 
phytoestrogens. Intl J Mol Sci 10 (9): 3755-3775.  

Mariat D, Firmesse O, Levenez F, Guimar VD, Sokol H, Doré J, Corthier 
G, Furet JP. 2009. The Firmicutes/Bacteroidetes ratio of the human 

microbiota changes with age. BMC Microbiol. 2009;9. DOI: 
10.1186/1471-2180-9-123. 

Mikami K, Kimura M, Takahashi H. 2012. Influence of maternal 
bifidobacteria on the development of gut bifidobacteria in infants. 
Pharmaceuticals 5: 629-642.  

Naidu AS, Clemens. 2000. Probiotics. In: Foord Antimicrobial System AS 
(ed). CRC Press, LLC  

Narayanan R, Subramonian BS. 2015. Effect of Prebiotics on 
Bifidobacterial Species Isolated from Infant Faeces. Indian J. Trad 
Knowl 14 (2): 285-89. 

Perez RH, Zendo T, Sonomoto K. 2014. Proceeding from 11 th 
International Symposium on Lactic Acid Bacteria. Egmond aan Zee, 
the Netherlands. 31 August-4 September 2014. 

Ray B, Field RA. 1992. Antibacterial effectiveness of a pediocin ach 
based biopreservatif against spoilage and pathogenic bacteria from 
vacum package refrigerated meat. 38th International Congres of Meat 
Science and Technology. 4: 31-734 

Silalahi FY, Ikhsan M.2010. Fruit-gurt Fermentation with variations rind. 
[Hon. Thesis]. Chemical Engineering Department, Faculty of 
Engineering, Diponegoro University, Semarang. [Indonesian].  

Venkatesan S, Kirithika M, Roselin I, Ganesan R, Muthuchelian K. 2012. 
Comparative invitro and invivo study of three probiotic organisms, 
Bifidobacterium sp., Lactobacillus sp., S. cerevisiae and analyzing its 
improvement with the supplementation of prebiotics. Intl J Plant 
Anim Environ Sci 2 (2): 94-106. 

Wasilewska E, Bielecka M. 2003. Isolation and identification of 
Bifidobacteria From Infant GUT Ewa. J Food Nutr Sci 12 (53): 90-
94. 

Vuyst LD, Leroy F. 2007. Bacteriocins from lactic acid bacteria: 
production, purification, and food applications. J Mol Microbiol 
Biotechnol 13 (4): 194-99.  

Zinedine A, Faid M. 2007. Isolation and characterization of strains of 
Bifidobacteria with probiotic proprieties in vitro. World J Dairy Food 
Sci 2 (1): 28-34. 

 
  
 



BIODIVERSITAS  ISSN: 1412-033X 
Volume 18, Number 3, July 2017 E-ISSN: 2085-4722  
Pages: 1270-1274 DOI: 10.13057/biodiv/d180353 

Short Communication: 
Weak delineation of Styrax species growing in North Sumatra, 

Indonesia by matK + rbcL gene 

ARIDA SUSILOWATI1.♥, HENTI HENDALASTUTI2, CUT RIZLANI KHOLIBRINA3, RINI RAMADHANI1 
1 Faculty of Forestry, Universitas Sumatera Utara. Jl. Tri Dharma Ujung No. 1, Kampus USU, Medan 20155, North Sumatera, Indonesia.  

Tel./Fax.: + 62-61-8220605. ♥email: arida_iswanto@yahoo.co.id 
2Forest Research and Development Agency, Ministry of Environment and Forestry. Jl. Raya Gunung Batu. Bogor 16118, West Java. Indonesia  

3 Aek Nauli Forest Research Agency. Jl. Raya Parapat 10.5, Parapat, Simalungun 21174, North Sumatera, Indonesia 

Manuscript received: 9 January 2017. Revision accepted: 31 July 2017.  

Abstract. Susilowati A, Hendalastuti H, Kholibrina CR, Ramadhani R. 2017. Weak delineation of Styrax species growing in North 
Sumatra, Indonesia by matK + rbcL gene. Biodiversitas 18: 1270-1274. The aim of DNA barcoding is to enable precise identification of 
species from analysis of a unique DNA sequence of a target gene. The present study was undertaken to develop barcodes for different 
species of Styrax L. growing in North Sumatra, Indonesia. Four putative species of Styrax (each represented by specimens collected 
from two districts in North Sumatra) were evaluated using two regions in the plastid genome (matK and rbcL) in order to discriminate 
them at species level. Results showed that matK yielded 891 bp after alignment, however there was no precise identification to species 
level. The matK gene only differentiated the four recognized species into two groups, each group consisted of two of the species. The 
rbcL gene yielded 588 bp and showed no variation between species: that is,it determined all the currently recognized species to be of 
one and the same haplotype. Furthermore, combined matK + rbcL gave a similar grouping result to that for the matK gene considered 
alone. Considering the overall performance of these loci, we suggest matK + rbcL is not strong enough to determine Styrax growing in 
North Sumatra to the species level as distinguished on morphological grounds. These findings show the necessity of finding other 
candidate genes or markers that can potentially be helpful in delineating the various species of Styrax growing in North Sumatra, as well 
as other related Styrax genera. 
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INTRODUCTION 

Species identification is of critical importance in 
conserving and utilizing biodiversity, but this is often 
hindered by a lack of professional knowledge of 
classification (Chase and Fay 2009). Tropical plant species 
are part of the world’s flora that is especially threatened by 
human activities (Janzen 1988), and are in need of rapid 
identification methods to aid the development of 
reasonable protection strategies (Brooks et al. 2006). 
Taxonomy, using morphological classification methods, is 
a discipline that has been accepted for recognizing, naming, 
and classifying plants in order to avoid redundancy and 
ambiguity in the identification and naming of species. 
However, taxonomy is facing a crisis, in part because ever 
fewer specialists are available for the task. Fortunately, 
progress has recently been made in DNA-based technology 
that will facilitate the task in future and render its results 
more reliable. 

The main aim of DNA barcoding is to establish a 
system that can be used for identification and taxonomic 
classification of biological organisms. The approach that 
has most success in animals is one based on using a portion 
of the cytochrome oxidase 1 (CO1) mitochondrial gene, 
however establishing a standardized DNA barcoding 
system for plants has been more challenging 

(Hollingsworth 2011). There are three important principles 
in DNA barcoding; namely, standardization, minimalism, 
and scalability. These principles imply a capability to 
choose one or few standard loci that can be sequenced 
routinely and reliably in very large and diverse sample sets, 
resulting in easily compared data that enable species to be 
distinguished from one another (Hollingsworth, 2011). 

The standard animal CO1 gene fits all the criteria; 
however, finding similar universal markers for plants is 
more difficult and often requires multiple markers to obtain 
adequate species discrimination (Fazekas et al. 2008). 
Among the markers, there are seven plastid markers which, 
in various combinations, have been proposed for barcoding 
of plants: these arerpoC1 + rpoB + matK orrpoC1 + matK 
+ trnH-psbA (Chase et al. 2007); rbcL + trnH-psbA (Kress 
and Erikcson 2007) and atpF-H + psbKI. However, no 
agreement has yet been reached for elucidating the best 
combination, and none of the proposed barcodes is perfect 
in every respect (Pennisi 2007; Kress 2007; Erickson et al. 
2008; Fazekas et al. 2008; Lahaye et al. 2008; Ledford 
2008; Seberg and Peterson 2009). 

To achieve a shared community resource for DNA 
barcoding of plants, it will be necessary to reach agreement 
on reliable, reproducible, barcoding procedures. Considering 
this situation, the CBOL Plant Working group has 
recommended a core-barcode consisting of a portion of two 
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plastid coding regions rbcL + matK to be supplemented 
with additional markers as required. The choice of rbcL + 
matK as a core barcode was based on the straight forward 
recovery of the rbcL region and the discriminatory power 
of the matK region. matK is known as one of the most 
rapidly evolving coding sections of the plastid genome 
(Hiluand Liang 1997), and is perhaps the closest plant 
analogue to the CO1 animal barcode.  

In the study reported in this paper, we have attempted to 
apply the rbcL + matK barcoding approach to resolve the 
taxonomic status of some putative species of the genus 
Styrax L. that grow in North Sumatra, Indonesia. Styrax L. 
is a genus of about 130 species of large shrubs or small 
trees in the family Styracaceae. The genus Styrax is known 
around the world asthe source of the commercial resin 
benzoin and is widespread but disjunct in its distribution, 
which includes the Americas, eastern Asia and the 
Mediterranean region (Fritsch 2001).Different species of 
Styrax canal so be found in some Southeast Asian countries 
such as Indonesia, Laos, Vietnam and Thailand. Within 
Indonesia, the province of North Sumatra has been reported 
as the largest distribution site for Styrax. Although some 
experts suggest that this species can also be found in South 
Sumatra and Papua, an accurate study confirming the 
extent of its Indonesian distribution has not yet been done.  

 Styrax species, known as ‘kemenyan’ in Indonesia, 
naturally grow along the western coast of the Sumatra 
mainland (Burkill 1953). Based on our primary data 
obtained during several field trips, kemenyan trees are 
economically important and have been massively cultivated 
for their resin for centuries in several sites of North 
Sumatra Province, on both private and community lands. 
The local community of North Sumatra recognize Styrax 
species under five local names based on morphological 
characters, namely kemenyan Toba, kemenyan durame, 
kemenyan minyak, kemenyan bulu, and kemenyan Batak. 
The species names that have been attributed to these (see 
for example Burkill 1935) are as follows: for kemenyan Toba, 
Styrax sumatranus J.J. Sm. (unresolved name); for 
kemenyan durame, S. benzoin Dryand. (unresolved name); 
for kemenyan bulu, S. benzoin var. hiliferum (unresolved 
name); for kemenyan minyak, S. paralleloneurum Perkins 
(unresolved name); and for kemenyan Batak, S. tonkinensis 
Craib ex Hartwich (accepted name). 

DNA barcoding is known to be useful to manage plant 
diversity inventories on a large scale, and to develop 
conservation strategies. This is indeed the case for 

managing conservation and production strategy of species 
such as those of Styrax L. in Indonesia. However, there 
have been no DNA barcode studies from the tropical areas 
of Sumatra, Indonesia, which represent one of the 
biodiversity hotspots of the world. This study was 
conducted to determine whether the combined matK + 
rbcL can be effectively used for species delineation of the 
Styrax growing in North Sumatera, Indonesia. 

MATERIALS AND METHODS 

Study area 
Samples of kemenyan tree originated from different 

localities including Humbang Hasundutan, Pakpak Bharat 
and North Tapanuli districts of North Sumatra Province, 
Indonesia (Figure 1). We chose Humbang Hasundutan, 
Pakpak Bharat and North Tapanuli because they represent 
different geological areas.  

Procedure 
Plant materials 

Four putative species of Styrax were analyzed (Table 1) 
where each species was represented by 2 individuals except 
for kemenyan Batak. Sampled leaves were dried with silica 
gel and used for DNA extraction. Total genomic DNA was 
extracted from leaf samples using a modified CTAB 
method (Murray and Thompson 1980). 

DNA sequencing of matK and rbcL gene 
matK gene was amplified by PCR using the matK_390f 

dan matK_132r as described by Cuenoud et al. (2002) 
while rbcL was amplified by primers described byLevin 
(2003) and Kress and Erickson (2007). PCR was performed 
in 20 µl of solution containing 10 ng of genomic DNA, 5 
pmol of each forward and backward primer, and 10 µl of 
Go Taq® Hot Start Colourless Master Mix (Promega, 
Wisconsin, USA) according tothe manufacturer’s 
instructions. Initial denaturation was performed at 95°C for 
2 min, followed by 30-35 cycles of denaturation at 95°C 
for 1 min, annealing at 52°C and polymerization at 72°C 
for 2 min, and final extension at 72°C for 7 min. Prior to 
sequencing, the PCR products were purified. Automated 
sequencing was by Genetic Science (Singapore). DNA 
sequencing was performed for both strands with the 
primers used for the PCR amplifications. 

 
 
 
Table 1. Locations of Styrax populations sampled from North Sumatra, Indonesia 
 
Local name Origin GPS position 
Kemenyan durame North Tapanuli 

Humbang Hasundutan 
N: 01o 55’ 46.7”, E: 098o 58’ 42.9” 
N: 02o 11’ 57.0”, E: 098o 44’ 04.3” 

Kemenyan minyak Pakpak Barat 01 
Pakpak Barat 02 

N: 02o 30’ 30.5”, E: 098o 24’ 21.5” 
N: 02o 30’ 29.0”, E: 098o 24’ 25.0” 

Kemenyan Toba Pakpak Bharat 
North Tapanuli 

N: 02o 29’ 48.4”, E: 098o 25’ 10.2” 
N: 01o 53’ 45.9”, E: 098o 58’ 39.0” 

Kemenyan Batak Pakpak Bharat N: 02o 30’ 31.0”, E: 098o 24’ 21.7” 
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Figure 1. Study site in North Sumatra Province, Indonesia. Note: 1. Pakpak Barat, 2.  Humbang Hasundutan, 3. North Tapanuli 
 
 
 
 
Data analysis 

DNA sequences were checked visually, and forward 
and backward traces were assembled using the ATGC 
program (Genetyx Corporation, Japan). Assembled 
sequences were exported into Bioedit for alignment to 
determine haplotypes. Further analysis using MUSCLE 
software was executed for constructing a dendrogram 
(Edgar 2004). 

RESULTS AND DISCUSSION 

From our primary field trip observations and surveys, 
the identification of Kemenyan trees in North Sumatra was 
carried out according to morphological characteristics, 
based on local community knowledge. There are four 
different species groupings recognized by the communities. 
They assume that each grouping represents a different 
biological species. The four groupings are named 
kemenyan Toba, kemenyan minyak, kemenyan Batak, and 
kemenyan durame, identified by community knowledge as 
S. sumatranus J.J.Sm., S. paralleloneurum Perkins, S. 
tonkinensis Craib ex Hartwich and S. benzoin Dryand, 
respectively. In this study, we sought to reveal whether 
these morphologically based species identifications could 
be justified by matK and rbcL genetic analysis.  

The direct nucleotide sequencing yielded 891 bp for 
matK and 588 bp for rbcL gene (see Figure S1-S3). matK 
separated the seven samples representing the four putative 
species into 2 haplotypes: Haplotype I consisted of a 
sequence common to individual samples from kemenyan 
minyak, kemenyan durame and kemenyan Toba; while 
Haplotype II consisted of a sequence common to individual 
samples from kemenyan minyak, kemenyan durame and 
kemenyan Batak.  

 
 

 
 
Figure 2. Grouping of the seven samples representing four 
putativekemenyan species, assigned by combined matK + rbcL 
gene 

1 

2 

3 
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There was no variation observed among individual 
samples sequenced for the rbcL gene: all individuals were 
assigned to just one haplotype. As a consequence of the 
non-informative rbcL gene used in this study, species 
delineation could only be determined by the matK gene 
(Figure 2). The results also indicated that the use of 
combined matK + rbcL sequences for attempted DNA 
barcoding of the Styrax species is too weak to delineate the 
North Sumatran populations to species level. Species 
discrimination with plant barcodes is typically lower than 
with CO1 in animals. As reported previously (Pennisi 
2007; Kress 2007; Erickson et al. 2008; Fazekas et al. 
2008; Lahaye et al. 2008; Ledford 2008; Seberg and 
Peterson 2009), delineating higher plant species by using 
DNA based methods often requires a multi-genic approach 
for which there is as yet no universal consensus. In our 
case, the combination of matK + rbcL was not successful 
in clearly differentiating kemenyan species. The results 
showed that the four different types of Kemenyan 
considered as separate species on the basis of local 
community knowledge, were not assigned into separate 
clusters by our genetic analysis. In situations like this, 
where barcoding does not provide a unique species 
identification, it instead identifies ‘species groups’ 
(typically, local groups of closely related congeners).  

The addition of more extensive samples for each of 
putative Kemenyan species migght produce different 
results as it may generate unique DNA stretches that can be 
used as species identifiers. According to the CBOL Plant 
Working Group (2009) standards, an ideal barcode should 
be a short segment that allows easy amplification, be 
amenable to bi-directional sequencing with little 
requirement for manual editing of sequence traces, and 
possess sufficient variation among sequences to distinguish 
between species. For bisexual species, such as 
Dipterocarps, chloroplast DNA markers are the best choice 
for identification. However, our study has demonstrated 
that use of matK and rbcL is inadequate as a barcode for 
discriminating between the kemenyan populations we 
sampled from North Sumatra. There is the need to add 
more candidates for DNA barcoding of Styrax spp. 
Genomic regions such as trnH-psbA, trnL-trnF and others 
could be worth considering as candidate genes for Styrax 
barcoding purposes. 
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Figure S1. Nucleotide sequence of matK gene for kemenyan Batak PB02, kemenyan minyak PB01 and kemenyan durame TU01 
 
ATATTTCCTTTTTTAGAAGAAAAATTTTCATATTTAAATTATGTGTTAGATATACGAATACCCCACTCCATTCATCTGGAAG
TTTTGGTTCAAACTCTTCGCTACTGGGTAAAAGATGCCTCTTCTTTGCATTTATTACGATTCTTTCTCTACGAGCATTGTAA
TTGGAATAATCTTACTACTCCAAAGAAATCTAGTTTTTCTTTTTCAAAAAGAAATCAAAGATTATTATTGTTCCTATATAAT
TCTCATGTATATGAATACGAATCTATCTTTGTTTTTCTTCGAAACCAATCTTCTCATTTACGATCAATATCTTCTGGAACCC
TTCTTGAACGAATATATTTCTATGGAAAAATAGACCATTTTGGAGAAGTCTTTACTAAGGATTTTCAGGCCGTTCTATGGTT
GTTCAAGGATCTTTTCATGCATTATGTTAGGTATCAAGGAAAATCCATTTTGGCTTCAAAAGGGACGTTTTTTTTAATGAAT
AAATGGAAATATTACCTTGTCAATTTCTGGCAATGTTATTTTTACAAGTGGTCTCAACCAGGAAGGATCCATATACAATTAT
CCAATCATTCTCTCGACTTTCTGGGCTATCTTTCAAATGTGCGCCTAAACCCTTCAATGGTCCGGAGTCAAATGCTAGAAAA
TGCATTTTTAATAGGTAATGCTATTAAGAAGTTTGATACCCTAGTTCTAATTAGAGGAATAATTGGATCATTGTATAAAAAA
AAAATTTGTAACGCGTTAGGACATCCCATTAGTAAGCCAGCCTGGGCCGATTTATCAGATTCTGATATTATTGATCGATTCG
GGTGTATATATAGAAATCTTTCTCATTATCATAGCGGATCCTCAAAAAAAATGAGTTTGTATCGAATAAAG 
 
 
 
Figure S2. Nucleotide sequence of matK gene for kemenyan durame HB05, kemenyan minyak PB02, and kemenyan Toba PB03 and 
TU01 
 
ATATTTCCTTTTTTAGAAGAAAAATTTTCATATTTAAATTATGTGTTAGATATACGAATACCCCACTCCATTCATCTGGAAG
TTTTGGTTCAAACTCTTCGCTACTGGGTAAAAGATGCCTCTTCTTTGCATTTATTACGATTCTTTCTCTACGAGCATTGTAA
TTGGAATAATCTTACTACTCCAAAGAAATCGAGTTTTTCTTTTTCAAAAAGAAATCAAAGATTATTCTTGTTCCTATATAAT
TCTCATGTATATGAATACGAATCTATCTTTGTTTTTCTTCGAAACCAATCTTCTCATTTACGATCAATATCTTCTGGAACCC
TTCTTGAACGAATATATTTCTATGGAAAAATAGACCATTTTGGAGAAGTCTTTACTAAGGATTTTCAGGCCGTTCTATGGTT
GTTCAAGGATCTTTTCATGCATTATGTTAGGTATCAAGGAAAATCCATTTTGGCTTCAAAAGGGACGTTTTTTTTAATGAAT
AAATGGAAATATTACCTTGTCAATTTCTGGCAATGTTATTTTTACAAGTGGTCTCAACCAGGAAGGATCCATATAAACCAAT
TATCCAATCATTCTCTCGACTTTCTGGGCTATCTTTCAAATGTGCGCCTAAACCCTTCAATGGTCCGGAGTCAAATGCTAGA
AAATGCATTTTTAATAGGTAATGCTATTAAGAAGTTTGATACCCTAGTTCTAATTAGAGGAATAATTGGATCATTGTATAAA
AAAAAAATTTGTAACGCGTTAGGACATCCCATTAGTAAGCCAGCCTGGGCCGATTTATCAGATTCTGATATTATTGATCGAT
TCGGGTGTATATATAGAAATCTTTCTCATTATCATAGCGGATCCTCAAAAAAAATGAGTTTGTATCGAATAAAGTATATACT
TCACTT 
 
 
 
Figure S3. Nucleotide sequence of rbcL gene for all kemenyan assessed in this study 
 
CAGAGACTAAAGCAAGTGTTGGATTCAAAGCTGGTGTTAAAGATTACAAATTGACTTATTATACTCCTGAATATGAAACCAA
AGATACTGATATCTTGGCAGCATTTCGAGTAACGCCTCAACCTGGAGTTCCGCCTGAAGAAGCGGGGGCCGCGGTAGCTGCC
GAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGACTTACTAGCCTTGATCGTTACAAAGGGAGATGCTACCACA
TTGAGCCCGTTGCTGGAGAAGAAAATCAATATATTGCTTATGTAGCTTATCCTTTAGACCTTTTTGAAGAAGGTTCTGTTAC
TAACATGTTTACTTCCATTGTCGGTAATGTATTTGGGTTCAAAGCTCTTCGCGCTCTACGTCTGGAAGATCTGCGAATTCCT
CCTGCGTATGTTAAAACTTTCCAAGGACCGCCTCATGGCATCCAAGTTGAAAGAGATAAATTAAATAAGTACGGTCGTCCCC
TGTTGGGATGTACTATTAAACCTAAATTGGGGTTATCTGCTAAAAACTACGGTAGAGCAGTTTATGAATGTCTTCGCGGTGG
ACTTGATTTTACAA 
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Abstract. Puspita ID, Wardani A, Puspitasari ROA, Nugraheni PS, Putra MMP, Pudjiraharti S, Ustadi. 2017. Occurrence of chitinolytic 
bacteria in shrimp rusip and measurement of their chitin-degrading enzyme activities. Biodiversitas 18: 1275-1281. The objectives of 
this research were to isolate chitinolytic bacteria from shrimp rusip (an Indonesian traditional fermented shrimp product), identify 
bacterial isolates showing high chitinolytic activity, and determine the chitinolytic activity of these isolates. There were 44 chitinolytic 
bacteria isolated from shrimp rusip: 39 isolates of Gram-positive bacteria and 5 isolates of Gram-negative bacteria. The quantitative 
method we used to evaluate chitin-degrading enzyme activity measured the amount of N-acetylglucosamine produced from the reaction 
of crude enzyme and colloidal chitin. Seven isolates showing highest chitinolytic activity were Bacillus cereus (KKT 1, KKT 14, and 
KKT 19), Bacillus thuringiensis (KKT 6), Enterobacter cloacae (LCK 20), Pseudomonas stutzeri (LCK 17), and Stenotrophomonas 
maltophilia (THK1). The highest chitinolytic activity showed by KKT 1, KKT 6, KKT 14, KKT 19, and THK 1 were 0.0016 U/mL (at 
72 hours); 0.0018 U/mL (at 48 hours); 0.0019 U/mL (at 48 hours); 0.0033 U/mL (at 48 hours); and 0.0032 U/mL (at 24 hours), 
respectively. 

Keywords: chitinase activity, chitinolytic bacteria, shrimp rusip 

INTRODUCTION 

Indonesia is one of the main producers of shrimp and 
crab among Southeast Asian countries. According to data 
released by the Ministry of Marine Affairs and Fisheries 
Republic of Indonesia (2015), Indonesia’s total volume of 
export of shrimp and crab (2010-2015) averaged 164,473 
and 25,840 ton/year, respectively. These commodities are 
exported in the form of frozen peeled products. Shell waste 
from shrimp and crabs, which comprise about 60-80% of 
their total body weight (Wang et al. 2011), has the potential 
to cause an environmental problem if not treated properly. 
Fishery Statistics Data reveal that Indonesia produces shell 
waste averaging 56,200 ton/year (Ministry of Marine 
Affairs and Fisheries Republic of Indonesia 2000). The 
abundance of shell waste in Indonesia requires processing 
technology to utilize waste by converting it into high value-
added products. Crustacean shells are a source of chitin, a 
polysaccharide composed of N-acetyl-glucosamine bonded 
with a ß- (1,4) bond. Partial de-acetylation of chitin 
produces chitosan (Younes and Rinaudo 2015). Chitin, 
chitosan, and its hydrolysate have been intensively studied 
with respect to production, characteristics, and function. 
However, chitin has a lower solubility at neutral pH than 
does chitosan, limiting its applications. The improvement 
of its solubility can be achieved by reduction of its 
molecular weight by depolymerization into an oligomeric 
form. 

Hydrolysis of chitin and chitosan into lower molecular 
weight oligomers can be carried out using a bacterial 
chitinolytic enzyme, which offers an advantage over acid 
hydrolysis because it minimises chemical waste production 
and the reaction is more controllable. In terms of 
bioactivity, chitin/chitosan oligomer has been reported to 
have antimicrobial, anti-tumor, anti-hypertensive, 
antioxidant, hypocholesterolemic, and immunostimulant 
activity (Prashanth and Tharanathan 2007). Considering the 
important potential role of chitinolytic bacteria in the 
bioconversion of chitinous waste into bioactive molecules, 
bioprospecting of chitinolytic bacteria from various type of 
environments has become a crucial step in obtaining 
isolates that exhibit good performance in the bioconversion 
process. 

Microbial prospecting is usually carried out in extreme 
environments to obtain microbes possessing unique 
metabolic characteristics (Gohel et al. 2006). 
Bioprospecting of chitinolytic bacteria has been reported 
from soil (Das et al. 2010; Kuddus et al. 2013), the 
rhizosphere (Someya et al. 2011), volcanic mountains 
(Soeka and Sulistiani 2011), seawater and plankton (Souza 
et al. 2009), freshwater shrimp ponds (Shu-Chen et al. 
2004), intestinal tracts of fish (Itoi et al. 2006) and animal 
rumens (Kopečný et al. 1996). A distinctive habitat where 
chitinolytic bacteria are also possibly to be found is in 
crustacean fermented products.  
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Fermented fishery products provide unfavorable 
conditions for the growth of bacteria, such as high salt/ 
sugar concentration, low pH, high temperatures during 
processing, predominance of proteolytic enzymes, and high 
competitiveness for nutrient access. The fermentation 
conditions favor the predominant growth of anaerobic/ 
facultative anaerobic, acid tolerant, and salt tolerant 
bacteria. Most studies on bacterial populations in fermented 
shrimp have focused on the isolation of lactic acid bacteria 
(Kobayashi et al. 2003; La Anh 2015; Lee et al. 2014). The 
isolation of chitinolytic bacteria has been reported from 
terasi (Zilda and Chasanah 2005) and petis (Orinda et al. 
2015), which are traditional fermented shrimp pastes from 
Indonesia. Shrimp rusip is another traditional fermented 
shrimp paste from Indonesia composed of small shrimp, 
salt, and spices (Irianto and Irianto1998). Rusip has a low 
pH value and a high concentration of salt (Kusmarwati et 
al. 2011; Koesoemawardani 2007).  

We expect that chitinolytic bacteria can be recovered 
from rusip. Isolates obtained from rusip exhibiting high 
chitinolytic activity could have potential to be exploited for 
useful bioconversion processes. Thus, the objectives of the 
research reported here were to screen bacterial isolates 
obtained from shrimp rusip for their chitinolytic activity 
and to quantify the extent of their chitinolytic enzyme activity. 

MATERIALS AND METHODS 

Sample preparation and isolation of bacteria 
Three different brands (LCK, KKT, THK) of shrimp 

rusip were obtained from Belitung Island, Sumatera, 
Indonesia. Samples were serially diluted in NaCl 0.85% 
(b/v), plated on colloidal chitin agar medium (K2HPO4 
0.1% (w/v), MgSO4.7H2O 0.01% (w/v), NaCl 0.1% (w/v), 
(NH4)2SO4 0.7% (w/v), yeast extract 0.05% (w/v), colloidal 
chitin 2% (w/v), agar 1% (w/v) (Nasran et al. 2003)), and 
incubated at 30°C for 96 h. Colloidal chitin was prepared 
following Hsu and Lockwood (1975). Bacteria showing a 
clear zone around their colonies were picked up and 
streaked on chitin agar medium to obtain pure cultures. All 
isolates were cultivated in a colloidal chitin broth medium 
(K2HPO4 0.1%, MgSO4.7H20 0.01%, NaCl 0.1%, 
(NH4)2SO4 0.7%, yeast extract 0.05%, colloidal chitin 1%) 
at 30°C for 96 h and kept frozen in 50% glycerol at -30°C 
prior to use. 

Screening of chitinolytic bacteria 
Screening of chitinolytic bacteria was performed by two 

methods, chitinolytic enzyme activities and spot 
inoculating. All isolates were cultivated in tryptic soy broth 
(TSB) at 37°C for 24 h. An inoculum of 50 μL was 
transferred to 5 mL colloidal chitin broth and incubated 
further at 37°C for 48 h. The bacterial supernatant (1,500 
μL) was collected and centrifuged (6,000 rpm, 4°C, 10 
min). The cell-free supernatants were measured for their 
chitinolytic enzyme activities (Reissig et al. 1955). 
Selected isolates from previous screening were tested for 
their chitinolytic index. Inoculum prepared in the same way 
as previously (2 µL) was spot-inoculated on colloidal chitin 

agar and incubated at 30oC for 72 h. The chitinolytic index 
was calculated as the diameter of the clear zone produced 
by the bacteria, divided by the diameter of the bacterial 
colony. 

Bacterial identification 
The cells were cultured in colloidal chitin broth 

medium at 37˚C for 7 days. Genomic DNA was extracted 
using a PrestoTM Mini gDNA Bacteria Kit (GeneAid) 
following the manufacturer’s protocol. Universal primer of 
27F (5’-AGA GTT TGA TCC TGG CTC AG-3’) and 
1492R (5’-TAC GGT TAC CTT GTT ACG ACT T-3’) 
was used to amplify the 16S rRNA region gene. The 
thermal cycle was initiated by pre-denaturation for 3 
minutes at 95 ˚C and continued by 30 cycles of 
denaturation for 30 seconds at 95˚C, annealing for 30 
seconds at 55˚C, elongation for 90 seconds at 72˚C and 
final extension for 5 minutes at 72˚C. The expected size of 
the PCR amplicon was confirmed by electrophoresis on 1% 
agarose gel. The partial 16S rRNA was sent to First Base 
Laboratories, Singapore, for sequence analysis, and 
matched with the nucleotide database available at GenBank 
using BLAST tool in NCBI and further processed using 
MEGA version 5. Additional biochemical tests were 
performed for several of the isolates to support the results 
from the molecular identification. 

Determination of chitin-degrading enzyme activity 
Supernatant was prepared from bacterial incubation in 

colloidal chitin medium. Cell-free supernatant was 
obtained by centrifugation at 6,000 rpm and 4oC for 10 
min. Supernatant (500 µL) as crude enzyme was incubated 
with 1 mL colloidal chitin (1.3% in 50 mM phosphate 
buffer pH 7.4) at 37oC for 30 min. The enzymatic reaction 
was stopped by heating the mixture in boiling water for 5 
min then cooled and centrifuged at 10,000 rpm for 5 min 
(Wang et al. 2011). The amount of N-acetylglucosamine 
(GlcNAc) released from the enzymatic reaction was 
measured following Reissig et al. (1955). Briefly, 0.25 mL 
of enzymatic reaction supernatant from the previous step 
was mixed with 0.05 mL potassium tetraborate (pH 9.1), 
boiled for 3 min, and the mixture allowed to cool down. An 
amount of 1.25 mL p-Dimethylaminobenzaldehyde 
(DMAB) reagent was added to the mixture and incubated 
at 37ºC for 20 min in a water bath. The color produced by 
the DMAB reaction was detected by spectrophotometer at 
584 nm. Solutions of N-Acetylglucosamine (GlcNAc) at 
several concentrations (0; 0.5; 1; 1.5; 2; 2.5 μg/mL) were 
used as the standard solutions. One unit of chitinase 
activity was defined as the amount of GlcNAc (μmol) 
released by enzyme per minute at the condition mentioned. 

RESULTS AND DISCUSSION 

Isolation and screening of chitinolytic bacteria from rusip 
Rusip is a fermented shrimp or fish from Sumatera, 

Indonesia, that is processed traditionally. The whole, small-
size shrimp or fish are rinsed and decanted, and then salt 
(25%), and palm sugar (10%) is added. Some producers 
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also use an additional carbon-source such as rice or starch. 
Then, the mixture is kept in a sealed container and left for 
several days at room temperature (Koesoemawardani 
2007). A spontaneous fermentation occurs. As a result, the 
product appears viscous with a brown to black color and a 
distinct acid, fishy, tasty odor. Similar products are also 
found in Malaysia and Thailand, called cencalok and jaloo, 
respectively (Hajeb and Jinap 2012). The pH of rusip 
ranges from 4.7 to 6.37 (Irianto and Irianto 1998; 
Kusmarwati et al. 2011) with a salt concentration of 17-
30% (w/w) (Koesoemawardani 2007). 

From the three brands (LCK, KKT, THK) of shrimp 
rusip from Belitung Island, we isolated a total of 44 strains 
of chitinolytic bacteria. All isolates showed a clear zone on 
chitin agar medium on day-2 to -4 of incubation at 30oC. 
Most of the isolates (86%) were Gram-positive bacteria 
(Table 1). The highest number of chitinolytic bacteria 
isolates was obtained from KKT (52.3%), followed by 
LCK (43.2%) and THK (4.5%). The difference in number 
of chitinolytic bacteria isolated from the three samples is 
associated with variation in their characteristics, such as 
consistency, composition, raw material quality, 
fermentation stage, and storage period.  

Among the 44 isolates, only 21 isolates showed a 
positive result (> 0 U/mL) for chitinase activity when 
tested quantitatively in chitin liquid medium after 48-hour 
incubation (data not shown). The undetectable level of 
chitinolytic activity from other 23 isolates after 48 hours 
incubation in liquid medium is possibly due to a 
requirement for a longer incubation period in order to 
produce chitinolytic enzyme of detectable level in a liquid 
medium, even though most isolates had exhibited a clear 
zone in the chitin agar medium. A larger size of clear zone 
produced on chitin agar medium is not always in 
accordance with higher production of chitinolytic enzyme 
in a liquid medium (Howard et al. 2003). Time is 
considered as an important parameter; the faster the time, 
the more efficient the production process. Therefore, only 
isolates showing high chitinolytic activity during the 48-
hour incubation were chosen for further screening of their 
chitinolytic index. Seven isolates were selected 
representing the three rusip samples, namely KKT 1, KKT 
6, KKT 14, KKT 19, LCK 20, LCK 17, and THK 1. The 
highest chitinolytic index was shown by LCK 17 (Table 2). 

Bacterial identification 
Molecular identification based on BLAST results on 

16S rRNA (27F-1492R) sequences in GenBank showed 

that four isolates of Gram-positive (KKT 1, KKT 6, KKT 
14, and KKT 19) were all from the genus Bacillus, while 
three isolates of Gram-negative bacteria (LCK 20, LCK 17, 
and THK 1) were from different genera (Table 2).  

Among the four isolates of Bacillus, three (KKT 1, 
KKT 16, and KKT 19) were identified as Bacillus cereus, 
while KKT 6 was from a different clade, and was identified 
as Bacillus thuringiensis (Figure 1). B. cereus is a Gram-
positive, rod-shaped, facultative anaerobic, motile 
bacterium. The natural habitat of B. cereus is soil, but it is 
also found in plant cells as an endophyte. Its ability to 
produce endospores and its simple nutrient requirement 
results in B. cereus inhabiting many types of environment, 
including fermented foods (Kotiranta et al. 2000).  

Some different biochemical characteristics were 
observed among the three isolates of B. cereus obtained in 
this experiment. Isolate KKT 14 gave a negative result on a 
catalase test; while the two other isolates showed a positive 
result. Isolate KKT 19 showed a positive result on an 
oxidase test and mannitol fermentation test; while the two 
other isolates showed a negative result on the oxidase test 
and failed to ferment mannitol. The variation in 
biochemical characteristic among the B. cereus isolates 
indicated that they were of different strains. 

Some strains of B. cereus are known to be pathogenic 
bacteria due to their ability to produce enterotoxin, 
hemolysin BL (HBL), and non-haemolytic enterotoxin, 
causing diarrhea. Pathogenic B. cereus also produces an 
emetic toxin causing headache and nausea (Kotiranta et al. 
2000). Contamination of pathogenic B. cereus in food has 
been reported in fresh produce (fruits, vegetables, and 
meat), dairy products, dried foods (cereal, pasta, and 
grains), minimally processed foods, and ready-to-eat foods 
(Valero et al. 2002). Isolation of pathogenic B. cereus was 
also reported in fresh and processed seafood products 
(Rahmati and Labbe 2008). However, the non-pathogenic 
strain of B. cereus has also been found widely in the food 
environment. Kamar et al. (2013) isolated non-pathogenic 
B. cereus from vegetables, fruits, and pasteurized milk.  
 
Table 1. Total number of chitinolytic bacteria isolated from 
shrimp rusip 
 

Sample Gram- 
positive 

Gram-
negative Total 

Rusip 1 (LCK) 17 2 19 
Rusip 2 (KKT) 20 3 23 
Rusip 3 (THK) 1 1 2 
Total  38 6 44 

 
 
 
Table 2. Identification of seven chitinolytic bacteria isolates from rusip, together with their chitinolytic index values 
 

Isolate Description Ident. Accession 
number 

Chitinolytic 
index 

KKT 1 Bacillus cereus strain MHS 16s rDNA gene, partial sequence 100% KR1325556.1 1.06 
KKT 6 Bacillus thuringiensis strain YWC2-8, complete genom 100% CP013055.1 1.05 
KKT 14 Bacillus cereus strain MHS 16s rDNA gene, partial sequence 100% KR1325556.1 1.03 
KKT 19 Bacillus cereus strain MHS 16s rDNA gene, partial sequence 100% KR1325556.1 1.03 
THK 1 Stenotrophomonas maltophilia Strain Roi_3A 99% JN644502.1 1.22 
LCK 20 Enterobacter cloacae strain 34978, complete genom 100% CP12165.1 3.45 
LCK 17 Pseudomonas stutzeri strain AMH-5 16s rDNA gene, partial sequence 99% KP174140.1 3.66 
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Figure 1. Maximum likelihood phylogenetic tree based on 16S 
rRNA gene sequences for the chitinolytic bacteria KKT1, KKT6, 
KKT14, and KKT 19 isolated from rusip, and related Bacillus 
species. The tree was constructed by MEGA 5.0 software. The 
scale bar represents an evolutionary distance of 0.001 
 

 
 
 
Among Bacillus isolates, KKT 6 showed close 

similarity to Bacillus thuringiensis, and exhibited 
characteristics distinct from the other three Bacillus 
isolates; as indicated by its cubical crystal shape under 
malachite-green staining. Another distinctive biochemical 
characteristic shown by isolate KKT 6 was its negative 
result on lactose and xylose fermentation tests. B. 
thuringiensis is a member of B. cereus sensu lato (Jensen et 
al. 2003). A distinctive habitat of B. thuringiensis is in the 
digestive track of insects: it may be released into the soil 
when the insect dies and grow afterwards under favorable 
conditions. Isolation of B. thuringiensis from fermented 
food has also been reported in grape wine (Bae et al. 2004), 
fermented soybeans and locust bean (Sarkar et al. 2002).  

Isolate THK 1 showed 99% similarity to 
Stenotrophomonas maltophilia. Growth characteristic 
comparisons between S. maltophilia isolate THK 1 and S. 
maltophilia as described by Brooke (2012) showed that 
THK 1 has several distinct features such as the ability to 
grow under anaerobic condition, ability to grow at 41oC 
and a negative result for maltose utilization. Although S. 
maltophilia is known as a non-halophilic bacterium, the 
recovery of S. matophilia from salted food environments 
such as salted cod (Rodrigues et al. 2003), brined anchovy 
(Köse et al. 2008), and cheese (Todaro et al. 2011) has 
been reported, indicating that some strains are salt-tolerant.  

LCK 20 was identified as Enterobacter cloacae. Like 
the other members of the family Enterobacteriaceae, E. 
cloacae inhabits a diversity of environments, ranging from 
plants, soil, water, to humans and animals (Grimont and 
Grimont 2006). Colonies of E. cloacae LCK 20 on chitin 
agar medium were white in color, typically adherent, hard, 
and dry. The internal part of an old colony turned black. E. 
cloacae has been isolated from lobster surimi (Yuli et al. 
2008), fermented olive (Bevilacqua et al. 2010), fermented 
sausage (Bover-Cid et al. 2001), cured sausage (Roig-

saguez et al. 1996), salted mackerel (Tsai et al. 2005), and 
salt anchovies (Hernandez-Herrero 1999).  

Isolate LCK 17 showed similarity to Pseudomonas 
stutzeri (99%). Like E. cloacae LCK 20, P. stutzeri LCK 
17 exhibited a distinctive shape and consistency of colony 
on chitin agar medium. LCK 17 was observed as a 
wrinkled white, adherent, hard, and dry colony. P. stutzeri 
is a member of the genus Pseudomonas sensu stricto in the 
class Gammaproteobacteria. An important characteristic of 
P. stutzeri is its denitrifying ability (Lalucat et al. 2006). P. 
stutzeri widely inhabits water environments, such as 
freshwater aquaculture farm environments (Kumar and 
Surendran 2005), sediment (Sikorski et al. 2002), and 
wastewater from catfish ponds (Diep et al. 2009). There 
have been no previous reports of P. stutzeri recovered from 
fermented food, but recovery from fresh food has been 
reported in seafood (Kumar and Surendran 2005) and in 
refrigerated raw milk (Martin et al. 2006). 

The species B. cereus and B. thuringiensis are known as 
foodborne pathogens, while, S. maltophilia, E. cloacae, and 
P. stutzeri have been reported as emerging important 
nosocomial pathogens (Brooke 2012; Davin-Regli and 
Pagès 2015; Lalucat et al. 2006). S. maltophilia, E. 
cloacae, and P. stutzeri have also been described as 
biogenic-amine producers in food products (Ben-Gigirey et 
al. 2000; Bover-Cid et al. 2001; Lavizzari et al. 2010). 
Moreover, reports of multidrug resistance species of S. 
maltophila (Brooke 2012) and E. cloacae (Davin-Regli and 
Pagès 2015) have been released. Although the 
pathogenicity of these isolates has to be determined with 
further tests, the occurrence of these species in rusip is 
likely to be a result of improper sanitation and hygiene 
during handling and processing. Therefore, recovery of 
these species from rusip in this experiment provides 
information of microbiological safety concern for rusip 
processing procedures.  

Measurement of chitin degrading enzyme activity from 
bacterial isolates 

Among the four isolates of Bacillus obtained from 
rusip, B. cereus KKT 19 showed the highest chitinolytic 
activity on colloidal chitin medium at 48 h incubation 
(0.0033 U/mL) (Figure 2). This activity was lower than 
reported for chitinolytic activity of B. cereus YQ308 after 
3.5 days incubation in a shrimp and crab shell powder 
medium (> 1 U/mL) (Chang et al. 2003). Chitinolytic B. 
cereus has been isolated from mustard plants (Sinapis sp.) 
(Pleban et al.1997), lily plants (Huang et al. 2005), and soil 
(Chang et al. 2003). Purification using in-gel chitinase 
assay method has shown that there are five types of 
extracellular chitinase produced by B. cereus; the main 
activity is exhibited by a 36-kDa protein identified as 
chitobiosidase (exochitinase) (Wang et al. 2001). The main 
feature of Bacillus chitinase is its antifungal activity 
against Botrytis elliptica (Huang et al. 2005), Fusarium 
oxysporum (Chang et al. 2003), F. solani (Chang et al. 
2007), and Pythium ultimum (Chang et al. 2003).  
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Figure 2. Chitin degrading enzyme activity of Gram-positive 
isolates when incubated in colloidal chitin medium, 30oC, 100 
rpm. Bacillus cereus KKT 1 (♦); Bacillus thuringiensis KKT 6 
(●); Bacillus cereus KKT 14 (▲); and Bacillus cereus KKT 19 
(■). 

 
 

 

 
 
Figure 3. Chitin degrading enzyme activity of Gram-negative 
isolates when incubated in colloidal chitin medium, 30oC, 100 
rpm. Stenotrophomonas maltophilia THK 1 (●); Pseudomonas 
stutzeri LCK 17 (▲); and Enterobacter cloacae LCK 20 (■).  
 
 
 

Among the three isolates of Gram-negative bacteria, S. 
maltophilia exhibited the earliest incubation time to reach 
maximum chitinolytic activity (Figure 3). Chitinase from S. 
maltophilia is well characterized, as reported by Kobayashi 
et al. (2002). The highest chitinolytic activity showed by S. 
maltophilia THK 1 was 0.003 U/mL at day-1 of incubation 
(Figure 3). The activity was lower than has been reported 
for S. maltophilia isolated from bluegrass foliage; which 
showed activity of 0.05 U/mL after day-6 of incubation and 
exhibited antifungal activities against Bipolaris 
sorokiniana (Zhang et al. 2001). E. cloacae LCK 20 
showed highest chitinolytic activity compared to the other 
isolates with an activity of 0.0045 U/mL after day-3 of 
incubation (Figure 3). Liu et al. (2013) identified three 
conserved chitinase genes in E. cloacae genome. One of 

the chitinases produced by E. cloacae is identical with 
chitinase A of Serratia marcescens. In vitro measurement 
of chitinolytic activity in E. cloacae has not been reported. 
In fact, a closely related species in the same genus, E. 
agglomerans, showed maximum chitinase activity at 60 h 
incubation in colloidal chitin medium with specific activity 
ranged from 2 to 5 U (Chernin et al. 1995); moreover, a 
fungal antagonistic reaction of chitinase from E. 
agglomerans has also been demonstrated (ibid). P. stutzeri 
is also known as a chitinolytic bacterium with potential for 
fungal biocontrol (Lim and Kim 1990). P. stutzeri LCK 17 
showed the highest chitinolytic activity at day-3 of 
incubation, with an activity of 0.0037 U/mL (Figure 3). 
This value is lower than P. stutzeri YPL 1 isolated from 
ginseng, which showed an activity of 56.2 U/mL at day-5 
of incubation (Lim and Kim 1994). 

Based on our knowledge, this is the first paper 
describing the recovery of chitinolytic bacteria from shrimp 
rusip. Previous reports of bacteria isolated from rusip have 
focused on lactic acid bacteria (LAB). Koesoemawardani 
(2007) reported 7.62-10.23 log CFU/g of LAB recovered 
from rusip. Kusmawarti et al. (2011) described the LAB 
from rusip from the genera Lactobacillus, Streptococcus, 
Leuconostoc, Pediococcus, and Enterococcus. Hajar and 
Hamid (2013) also reported isolation of a species of LAB, 
Staphylococcus piscifermentans, from the fermented 
product cencalok. Leisner et al. (2008) described LAB 
showing chitinolytic activity isolated from food; these were 
of the species Carnobacteriaum divergens and 
Carnobacterium maltaromaticum. Our study has revealed 
that rusip also provides a distinct environment for the 
potentially important chitinolytic bacterial community. 
Isolates obtained from this study have been investigated 
further for their chitinase production, for application in 
bioconversion processing of shrimp shell waste and for 
possible use in antifungal compounds. 
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Abstract. Sari SLA, Setyaningsih R, Wibowo NFA. 2017. Isolation and screening of cellulolytic fungi from Salacca zalacca leaf litter. 
Biodiversitas 18: 1282-1288. Cellulases are the main enzymes in a bioconversion of lignocellulosic biomass. Fungal cellulases have 
been proven to be better candidates for this process than other microbial cellulases since they secrete free cellulase complex including 
endoglucanases, cellobiohydrolases, and β-glucosidase. This study was conducted to isolate and screen of cellulolytic fungi from 
Salacca leaf litter. There were about 12 fungal isolates which were obtained in this research and 8 isolates showed cellulolytic activity. 
Based on morphological characters, these cellulolytic fungi were identified as belonging to 4 genera, i.e. Penicillium, Aspergillus, 
Paecilomyces, and Thielaviopsis. Based on clear zone formation, isolate SLL03, SLL06 and SLL10 showed highest cellulolytic activity. 
Whereas, based on 18S rRNA gene sequence, these isolates were identified as Aspergillums flavus (SLL03), Penicillium sp. (SLL06) 
Thielaviopsis ethacetica (SLL10). Therefore, these isolates would be good candidates for cellulase producer.  

Keywords: Cellulase, cellulolytic, fungi, leaf litter, Salacca 

INTRODUCTION 

Cellulases are a group of enzymes which play an 
important role in the hydrolysis process of β-1,4-glycosidic 
linkage in cellulose. The complex of cellulolytic enzymes 
consist of endo-cleaving (endoglucanases), exo-cleaving 
(cellobiohydrolases) and β-glucosidases. A complete 
hydrolysis of crystalline cellulose involves synergistic 
actions of these cellulolytic enzymes (Lynd et al. 2002; 
Dashtban et al. 2009; Sari et al. 2016). 

Cellulases are the third most significant commercial 
enzyme in the world market. Cellulases, solely or in a 
mixture with other enzymes, are involved in several 
industries including biofuel, food, feed, beverages, paper, 
textile, pharmaceutical, agricultural etc (Kuhad et al. 2011). 
Cellulase is one of the most important enzymes that can be 
used in the pulp and paper processes. The application of 
cellulolytic enzymes in the bioleaching process is 
environment-friendly in nature and can improve the quality 
of pulp and paper (Jerusik 2010). The addition of cellulase 
to the silage production process can improve the quality of 
silage fermentation as it can increase both the fiber 
degradation and the content of water-soluble carbohydrates 
(WSC) which are substrates for lactic acid bacteria (Li et 
al. 2014).  

Recently, researches on cellulolytic enzymes have been 
done intensively due to their important role as the 
lignocellulosic material source in the process of bioethanol 
production (Okeke et al. 2015). Cellulase plays important 
role in the process of fermentable sugars production from 
cellulose, which is the primary polysaccharides in 
lignocellulosics. Cellulase production is the key phase of 
the enzymatic cellulose hydrolysis process. Since the cost 

of enzyme production reaches 50% of the total cost of 
cellulose hydrolysis process, the current research is mainly 
focused on the suppression of production cost of enzymes 
(Howard et al. 2003). Isolation and characterization of 
cellulolytic microbes provide a good starting point for the 
discovery of such beneficial enzymes. Therefore, much 
research is aimed to obtain new microorganisms producing 
cellulase with higher specific activities (Rathnan et al. 
2012). 

Cellulase is produced by large number microorganisms, 
including fungi and bacteria. Fungi are eukaryotic 
organism which are the main producers of extracellular 
cellulase. Cellulolytic fungi include many species such as 
genus Trichoderma (Atanasova et al. 2010) Aspergillus, 
Eurotium, Penicillium, Rhodotorula (Herculano et al. 
2011) and Neurospora (Hildebrand et al. 2015). Most of 
the cellulolytic fungi belong to Ascomycota and 
Basidiomycota phylums. Filamentous fungi are used in 
many industrial processes for the production of enzymes 
and metabolites. Some of advantages employing fungi for 
enzyme production are low-cost material with high 
productivity, faster production, and amenable modified 
enzymes. Furthermore, the extracellular enzymes which is 
normally secreted outside cells can be easily recoverable 
from the culture media (Vishwanatha et al. 2010; de Souza 
et al. 2015). 

 Fungi are well known as decomposing agents of 
organic matters (Lynd et al. 2002). Lignocellulose-rich 
materials, such as leaf litter, compost soil, decayed wood 
and lignocellulosic waste are potential substrates for 
lignolytic fungi. Lignocellulose-rich materials should, 
therefore, be a good source for the discovery of lignolytic 
fungi producing novel cellulase. This study was conducted 
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to isolate and screen of cellulolytic fungi from Salacca leaf 
litters which are rich of lignocelluloses. 

MATERIALS AND METHODS 

Source of fungi 
Fungi were isolated from Salacca leaf litter samples 

which were collected randomly in five points of Salacca 
plantation in Srumbung, Magelang, Central Jawa, 
Indonesia. Samples were collected in early October 2015.  

Isolation and screening of cellulolytic fungi 
Isolation of fungi was performed by serial dilution and 

spread plating method, in which 25 g of sample was 
suspended in 225 ml of sterile 0.85 % NaCl (10-1 dilution). 
From this dilution, 1 ml was taken and diluted serially from 
10-2 to 10-5. Diluted samples (10-2 to 10-5) were plated on 
Potato Dextrose Agar (PDA) media added by 0.01 % (w/v) 
Chloramphenicol and incubated for 96 hours at 25 oC. For 
fungal purification, fragments of different colonies were 
transferred separately to PDA in petri dishes. After 
confirming the purity, fungal isolates were transferred to 
PDA slant and preserved at 4oC. 

Cellulolytic activity was screened based on clear zone 
formation on Carboxy methyl cellulose (CMC) media. The 
media comprised (per l): urea 0.3 g, (NH4)2SO4 1.4 g, 
KH2PO4 2.0 g, CaCl2 0.3 g, MgSO4 0.3 g, yeast extract 
0.25 g, peptone 0.75 g, CMC 10 g, and agar 17.7 g ( 
Khokhar et al. 2012). Fungal isolates were inoculated at 
CMC media and incubated at 24 oC for 48 hours. To 
visualize the clear zone, the plates were flooded with an 
aqueous solution of Congo red 1% for 30 minutes and 
washed with 1 M NaCl (Theater and Wood 1982). 

 Morphological identification of cellulolytic fungi 
Cellulolytic fungi were identified based on colony 

morphology on PDA and microscopic characters. 
Cellulolytic fungi were inoculated at PDA in petri dishes 
and incubated at 25 oC for 7 days.  

Molecular identification  
Fungal isolates which showed highest cellulolytic 

activities were identified based on 18S rDNA partial 
sequence. Genomic DNA extraction was done by DNeasy 
Plant Mini Kit (Qiagen). Fungal mycelium (100 g) was 
lyophilized in liquid Nitrogen and grinded to a fine powder 
using a mortar and pestle. The powder was transferred to 
sterile 1.5 ml microcentrifuge tube, which were then added 
with, 400 μl AP1 buffer and 4 μl RNase A (provided in the 
kit). The next step is followed the manufacturer’s 
instruction of The DNeasy Plant Mini Kit Protocol.  

The partial sequence of the 18S of the fungal rDNA 
was amplified using forward and reverse primers (nu-SSU-
0817-5’-and nu-SSU-1536-3’ (Borneman and  Hartin 
2000). DNA from fungi were amplified in 25 μl PCR 
mixtures containing the following final concentrations with 
total amounts: 18.8 μl of ddH2O, 0.5 μL dNTP, 2.5 μL Taq 
buffer, 0.2 μL Taq polymerase, 1 μL reverse primer and 1 
μL forward primer. All reagents were combined and heated 

at 94°C for 5 min. twenty-five cycles of PCR were then 
performed by using 95°C for 1 min, 55°C for 1 min, and 
72°C for 1min. Purification and sequencing of the 18S 
rDNA were done in 1st Base Singapore. Similarities of the 
rDNA sequences to sequences in the GenBank database 
were determined by using BLAST (National Center for 
Biotechnology Information http: 
//www.ncbi.nlm.nih.gov/BLAST). Phylogenetic analysis 
was performed using the neighbor-joining method with 
MEGA 6.0. statistically evaluating the branching, bootstrap 
analysis was carried out with data resampled 1000 times 
(Sari et al. 2016) 

RESULTS AND DISCUSSION 

Isolation and screening of cellulytic fungi  
This research successfully isolated 12 fungal isolates 

from Salacca leaf litters. The cellulolytic activities of these 
isolates were tested based on the clear zone formation on 
the minimal media containing CMC (Figure 1). The result 
of the screening showed that eight isolates had cellulolytic 
activities indicated by the clear zone formation around the 
colony (Table 1). The dimension of the clear zone ranged 
from 0.2527 cm2 to 1.2158 cm2. Three isolates which were 
most potential as cellulase producers were SLL03, SLL06, 
and SLL10 with the clear zone dimensions of 1.2158 cm2, 
0.8135 cm2, and 1.1424 cm2, respectively. 

Identification of morphological character-based 
cellulolytic fungi 

The cellulolytic fungi were identified based on the 
morphological characters. The identification result showed 
that the cellulolytic fungi were identified as belonging to 4 
genera, i.e. Penicillium, Aspergillus, Paecilomyces and 
Thielaviopsis (Table 2). 

 
 
 
 

 
 
 
Figure 1. SLL03 on CMC medium after colouring with 1% 
Congo red. Clear zone surrounding a colony indicate cellulolytic 
activity 
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Table 1. Clear zone dimension showed cellulolytic activity of 
fungi isolated from Salacca leaf litter 
 
Code of isolates  Clear zone dimension (cm2) 
SLL01 0 
SLL02 0.2527 
SLL03 1.2158 
SLL04 0.3587 
SLL05 0.4215 
SLL06 0.8135 
SLL07 0.4401 
SLL08 0.5807 
SLL09 0 
SLL10 1.1424 
SLL11 0 
SLL12 0 

 
 
Table 2. The identification result of cellulolytic fungi based on 
morphological characters  
 
Code of isolates  Genera 
SLL02 Penicillium  
SLL03 Aspergillus 
SLL04 Paecilomyces 
SLL05 Aspergillus 
SLL06 Penicillium 
SLL07 Thielaviopsis 
SLL08 Penicillium 
SLL10 Thielaviopsis  
 
 
Table 3. Identification result based on 18s rDNA partial sequences 
 

Code of 
isolates Description Eva-

luate 

Query 
cover 
(%) 

Identity 
(%) 

Accession 
number 

SLL03 A. flavus 0.0 95 99 LC127086.1 
SLL06 Penicillium sp. 0.0 94 99 EU667999.1 
SLL10 T. ethacetica 0.0 96 99 KR673899.1 

Penicillium 
Based on morphological characters, three isolates, i.e. 

SLL02, SLL06, and SLL08, were identified as belonging to 
the genera of Penicillium. Macroscopically, the colony of 
Isolates SLL02, SLL06 and SLL08 had different characters 
(Figure 2A-3F). Isolate SLL02 had a bluish color with a 
white color edge from the upper view and brownish from 
the reverse site. The surface of the colony looked flat with 
cotton-like hyphae growing neatly. Isolate SLL06 had a 
dark green colony with a yellowish edge from the upper 
view and yellow to orange from the reverse site. The 
colony had a velvet surface texture. Isolate SLL08 had a 
green color colony from the upper view and a blackish 
green color colony from the reverse site. The more solid 
color indicated that the isolate produced exudates to 
surrounding environment. The shape of the colony was 
round with flat edge, and the texture was cotton-like. Under 
a light microscope with a magnification of 400, the three 
isolates had almost the same characteristics, such as having 
septate hyphae and branched conidiophores supporting 
some bottle shaped phialides showed a brush-like 
appearance (Figure 2G-3I).  

Aspergillus 
Isolate SLL03 and SLL05 were identified as belonging 

to the genera of Aspergillus. The two isolates had colonies 
with different characters (Figure 3A-4D). Isolate SLL03 
had a round shape colony with moss green color on the 
upper surface and yellowish green color on the reverse site. 
The texture of the surface was like flour grains. Isolate 
SLL05 had a solid black color colony. The colony of this 
isolate appeared to be black dots, forming a fan-like 
pattern. The surface of the colony was like flour grains, 
forming concentric circles. Under a light microscope with a 
magnification of 400x, both Isolate had similarities, 
namely: having septate hyphae and conidiophores with 
bulging ends that form vesicles which support phialides 
(Figure 3E,4F). 

Paecillomyces 
Isolate SLL04 was identified into Paecilomyces. This 

isolate had yellowish green color colony with yellowish 
edges (Figure 4A). The surface of the colony had flour-like 
texture. The reverse side of the colony had more yellow 
and dense in color (Figure 4B). Under a light microscope 
with a magnification of 400, this isolate had septate hyphae 
and the series of septate hyphae appeared to be more 
bulging at one of its ends (Figure 4C). This isolate 
produced irregular or verticillate branching of 
conidiophores which was ended with long shape of 
philiades (Figure 4D), cylindrical or oval conidia which 
formed catenulate.  

Thielaviopsis 
Isolates SLL07 and SLL10 macroscopically had the 

same characters (Figure 7.A-7.D). The two isolates had 
blackish green color colonies and had white aerial hyphae, 
which stuck out the roof of the petri dish in the fifth day of 
incubation. Isolate SLL07 had a darker colony color than 
SLL10. The aerial hyphae of SLL07 spread whereas those 
of the SLL10 were dominantly in the middle part. The 
upper side of the colonies had a cotton-like texture. 
Meanwhile, the lower side of the colonies had a black color 
in the middle part with the white gray color edges and 
radial lines. Under a light microscope with a magnification 
of 400, Isolates SLL07 and SLL10 had septate hyphae, 
which produced oval or cylindrical conidia and 
chlamydospores which formed catenulate (Figure 5.E-F). 

Molecular identification 
Three isolates which showed the highest cellulolytic 

activities, i.e. SLL03, SLL06, and SLL10, were identified 
based on 18S rDNA partial sequences. The 18S rDNA 
amplicons of these isolates using nu-SSU-0817-5’-and nu-
SSU-1536-3’ primers are shown in Figure 6. Based on 
Blast result, the three isolates had a partial sequence similar 
to the database from the Gene Bank with the level of 
similarity of over 99% (Table 3). 

Phylogenetic analysis 
A general phylogenetic tree was generated with 

sequences obtained from the amplification of the 18S 
rDNA and some sequences from the GenBank database 
(Figure 7).  
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Figure 2. Colony of SLL02 captured from upper site (A) and reverse site (B), SLL06 captured from upper site (C) and reverse site (D), 
SLL08 captured from upper site (E) and reverse site (F) and microscopic of SLL02 (G), SLL06 (H) and SLL08 (I) 
 

 

 
 

Figure 3. Colony of SLL03 captured from upper site (A) and reverse site (B), SLL05 captured from upper site (C) and reverse site (D), 
and microscopic of SLL03 (G) and SLL05 (I) 

D E F 
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Figure 4. Isolate SLL04 captured from upper site (A) and reverse site (B). This isolate had septate hyphae that bulging at one of its ends 
(C) and irregular branching of conidiophores (D)  

 
 

 

 
 
Figure 5. Colony of SLL07 were captured from upper site (A) and reverse site (B), SLL10 captured from upper site (C) and reverse site 
(D) and microscopic of SLL07 (E), SLL10 (F)  
 
 

 

 
 

Figure 6. Fungal 18S rDNA PCR products using Primer using nu-
SSU-0817-5’-and nu-SSU-1536-3’. The following DNA templates 
were used for PCR (by lane): 1, SLL03; 2, SLL06 and 3, SLL10.  

 Discussion 
The results of this study showed that Salacca leaf litter 

was a potential source of cellulolytic fungi for cellulase 
production. There were about 12 fungal isolates which 
were obtained in this research and 8 isolates showed 
cellulolytic activity. Salacca leaf litter became a unique 
habitat for cellulolytic microbes because it contained 
abundant sources of lignocellulosic substrates as their 
important food substrates. This is in line with many studies 
mentioning that habitats containing lignocelluloses have a 
high variety of lignocellulolytic fungi. Okeke et al. (2015) 
have successfully isolated 32 isolates of cellulolytic fungi 
from soil-biomass mixture. Fungi are important agents of 
plant biomass-decomposition either as saprophytes or as 
parasites and play an important role in C cycle in the 
ecosystem. This decomposition process involves synergic 
actions of various enzymes such as oxidative, hydrolytic,  
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D E F 
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Figure 7. 18s rDNA partial sequences-based dendrogram showing phylogenetic relationships of cellulolytic fungi isolated from Salacca 
leaf litter (shown with SLL as a code of isolate) to members of the cellulolytic fungi from Gen Bank database. Bootstrap values (n=1000 
replicates) of ≥43% are reported as percentages. The scale bar represents the number of changes per nucleotide position 
 
 
 
 
and non-hydrolytic enzymes (Guerriero et al. 2015). 
Cellulolytic fungi produce cellulase which is one of the key 
enzymes in the plant biomass biodegradation process. This 
enzyme will hydrolyze cellulose, which the main 
component of plant's cell wall. Bacteria are known to 
produce cellulases, but only fungi can produce cellulose 
complexes which can completely degrade the 
lignocellulosic materials without pre-treatment. This 
indicates that the cellulolytic fungi have potential 
application in the bioprocess of lignocellulosic materials 
through Consolidated BioProcessing (Amore and Faraco 
2012).  

The result of cellulolytic activity screening based on the 
clear zone dimension on the CMC media showed that three 
isolates, namely: SLL03, SLL06 and SLL10 had the 
highest cellulolytic activities. Morphologically, each of the 
three isolates belonged to Penicillium, Aspergillus, and 
Thielaviopsis, respectively. The identification using the 
sequence of 18s rDNA, showed that each of them was 
closely related to Aspergillus flavus, Penicillium sp. and 
Thielaviopsis ethacetica. Various researches reported that 
two of those three fungi i.e Aspergillus and Penicillium are 
being dominant and can potentially be used as extracellular 
cellulase producers in the fermentation industry process, 
but the research regarding with,Thielaviopsis, used as 
cellulase producers is still limited.  

The result of phylogenetic analysis showed that 
Aspergillus flavus (SLL03) was in one group with 
Aspergillus flavus isolated by Ang et al. (2015) which had 
the ability to degrade untreated oil palm trunk (OPT) in a 
solid-state fermentation system (SSF). Aspergillus flavus is 
reported as a potential strain for cellulase production by 

Solid State Fermentation (SSF) using the lignocellulosic 
media (Sajith et al. 2014). Fungi of Aspergillus, which are 
reported as the cellulase producers among others are A. 
nidulans, A. niger and A. oryzae (Jabasingh 2011; Amore 
and Faraco 2012), A. fumigatus (Liu et al. 2011), and A. 
ochraceus (Asha et al. 2016). Fungi of Aspergillus has 
been known as the enzyme producers for the production of 
high extracellular protein, bearing good ability in the 
fermentation process, and the generation of various 
enzymes for wood-degradation. Fungi of Aspergillus can 
produce β-glucosidases, endoglucanases, and 
exoglucanases. Endoglucanases and β-glucosidases are 
dominant components of Aspergillus cellulase while 
exoglucanases are found in a smaller quantity (DeVries and 
Visser 2001).).  

Penicillium is known to have a large potential as the 
cellulase producers for the lignocellulosic biomass 
saccharification process. Penicillium sp. (SLL06) is in a 
group with Penicillium griceofulvum which had the ability 
to degrade untreated oil palm trunk (OPT) in a solid-state 
fermentation system (SSF) (Ang et al. 2015). Penicillium 
sp.TG2 has cellulolytic activities which are comparable 
with those of Trichoderma reesei RUT-C30 which are 
strains used for commercial cellulase production (Jung et 
al. 2015). Okeke et al. (2015) report that Penicillium 
janthinellum is potential isolate to produce cellulase. The 
profile and enzymatic activities of this strain show that the 
generation of enzymes can be applied for the biomass 
conversion and biodegradation with an effective cost. 
Andersen et al. (2016) reported that Penicillium 
chrysogenum are good candidates for over-production of 
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enzymes in order to supply industrial enzyme blends or to 
boost the bioconversion of lignocellulose-rich biomass. 

Thielaviopsis (Microascales: Ceratocystidaceae) is a 
group of fungi known as plant pathogens. Thielaviopsis can 
grow at lignocellulosic substrates, but the ability of the 
fungi to produce lignocellulose-degrading enzymes has not 
been much reported. Lucas et al. (2001) reported that 
Chalara (syn. Thielaviopsis) paradoxa showed 
endoglucanase activities during the late trophophase. 
Goluguri et al. (2012) reported that Thielaviopsis basicola 
can grow well in the rice straw media as the sole carbon 
source and to produce xylanases. This research showed that 
T. ethacetica can further be explored as a new cellulase 
producer.  

This research succeeded in isolating the cellulolytic 
fungi from Salacca leaf litter. Salacca is a very important 
fruit product in Indonesia that has been cultivated 
throughout Indonesia. Salacca zalacca var Pondoh 
originaly from Sleman, Yogyakarta (Lestari et al., 2013). It 
become superior commodity that is widely cultivated in the 
northern slopes of Merapi mountain, including Sleman and 
Magelang areas. This plant produces abundant 
lignocellulosic biomass which has a low decomposition 
rate. Cellulolytic fungi that was isolated in this study has 
the potential aplication as a source of inoculum for 
biodegradation process of Salacca leaf litter so that it can 
be utilized to increase the rate of decomposition or 
lignocellulose conversion process for biotechnological 
application. 
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