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ABSTRACT: A total of 1178 individuals of nearly complete sampling of 49 populations 

belong to 14 most popular Indonesian indigenous chicken breeds, geographically localized 

in different islands, were genotyped using 20 microsatellite DNA markers to investigate their 

molecular diversity and genetic relationship. In total, 259 alleles were observed among 49 

populations of Indonesian indigenous chickens across 20 loci. The mean number of alleles 

(MNA) per locus ranged from 4.20 to 7.60. The observed (HO) and expected heterozygosity 

(HE) values averaged over loci varied from 0.50 to 0.67 and from 0.55 to 0.72, respectively, 

and they displayed a similar distribution pattern to that observed for MNA across the 

populations. The results indicated that there was rich and unique genetic diversity among 

most of the populations. The presence of significantly positive FIS values (P < 0.05), 

suggested the occurrence of inbreeding within most of these populations, leading to partition 

genetic diversity among the major islands. Some localized chicken populations have 

developed a distinct genetic background due to historical trading and long term geographic 

isolation. On the other hand, a few populations kept in urban areas may have been 

genetically introgressed with commercial chicken breeds/lines to some extent, forming 

different genetic structure. These findings will serve as scientific basis for the development of 

rational policies to sustainably conserve and utilize these unique Indonesian indigenous 

chicken genetic resources. 
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INTRODUCTION 

 

Indonesian Archipelago, comprising thousands of islands from Sumatra in the west to New 
Guinea in the east, has been recognized as one of the areas of mega-biodiversity. Indigenous 
chickens in Indonesia have played an important role in poultry production of the country 
(Sartika, 2007). Chickens are the most acceptable form of protein among Indonesians as 
there are few religious or social taboos associated with them compared to other livestock 
species such as pig and cattle. 
 
Scientists who involved in investigating the process of chicken domestication, have shown 
different opinions about Red Jungle-fowl (Gallus gallus) as the ancestor of today’s domestic 
chicken (Lindqvist et al., 2002; Väisänen and Jensen, 2003, 2004; Weeks and Nicol, 2006). 
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Although the study on relationship and evolutionary similarities between Red Jungle-fowls 
and different chicken populations shed light on this matter (Moiseyeva et al., 2003), there are 
still some debates on whether the origin of domesticated chicken was monophyletic or 
polyphyletic (Crawford, 1990). However, recent studies suggested Red Jungle-fowl to be the 
direct ancestor of all domesticated chickens (Moreng and Avens, 1985; Crawford, 1990; 
Sullivan, 1991; Siegel et al., 1992; Fumihito et al., 1994, 1996; Romanov and Weigend, 
2001; Hillel et al., 2003; Väisänen et al., 2005). 
 
Indonesia has various descript and non-descript breeds of indigenous chickens which are 
popular among Indonesian communities. Nataamijaya (2000) suggested that there are 31 
breeds of Indonesian indigenous chicken breeds, of which the most popular ones are: Pelung, 

Black Kedu, White Kedu, Kapas, Cemani, Arab, Merawang, Kate, Gaok, Sentul, Wareng, 

Nunukan, Tolaki, Tukong, Ayuni, and Jantur. Study on genetic variation of Indonesian 
indigenous chickens is expected to provide scientific basis for the development of a breeding 
program for them to match the improved genotypes under with low-input backyard 
production system (Sulandari et al., 2007). This study was conducted to examine the genetic 
diversity, differentiation and relationship among Indonesian indigenous chickens using 
molecular DNA markers. 

 

 

METHODOLOGY 

 

Sample collection and DNA extraction 

 
A total of 1178 samples were collected from 49 populations of 14 most popular indigenous 
chicken breeds located in different parts of Indonesia. Geographic locations for sampling 
were chosen following specific administrative boundaries, Table 1. Sampling of related 
individuals was avoided using the information given by farmers. 
 

Table 1. Details of the samples 

 

Breeds 
Population 

ID 
Sampling location of the populations 

No. of 

samples 

AC Naggroe Aceh Darussalam, North 
Sumatera 

34 

SUA North Sumatera 28 
SUB North Sumatera 26 
SUC North Sumatera 19 
SUD North Sumatera 48 
LAMA Lampung, South Sumatra 28 
LAMB Lampung, South Sumatra 35 
LAMC Lampung, South Sumatra 34 
BANA Serang, Banten, West Java 20 
BANB Serang, Banten, West Java 16 
BANC Serang, Banten, West Java 28 
BAND Serang, Banten, West Java 18 
BANE Serang, Banten, West Java 17 
BANF Serang, Banten, West Java 10 

Kampung 

JWT Central Java 16 
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MANA Manado, North Sulawesi 21 
MANB Manado, North Sulawesi 21 
MANC Manado, North Sulawesi 13 
MAND Manado, North Sulawesi 32 
MANE Manado, North Sulawesi 38 
MANF Manado, North Sulawesi 15 
MANG Manado, North Sulawesi 32 
MANH Manado, North Sulawesi 16 
MANI Manado, North Sulawesi 15 
MANJ Manado, North Sulawesi 30 
LOM Lombok 45 
MALA Maluku 20 
MALB Maluku 20 
MALC Maluku 10 
POSA Poso, Central Sulawesi 26 
POSB Poso, Central Sulawesi 24 

Merawang MR BPTU Ayam, Sembawa, South Sumatera 30 
PL BPTU Ayam, Sembawa, South Sumatera 14 Pelung 
PLC Cianjur, West Java 30 

Wareng Tang Tangerang, West Java 19 
KdPJ Jatiwangi, West Java 9 Kedu Putih  

(white) KdP Kedu, Temanggung, Central Java 18 
Kd Kedu, Temanggung, Central Java 29 Kedu 
KdH Kedu, Temanggung, Central Java 14 
STC Ciamis, West Java 17 Sentul 
STJ Jatiwangi, West Java 31 

Kapas KPS Kedu, Temanggung, Central Java 30 
Kate KT Yogyakarta, Central Java 32 
Cemani CM Kedu, Temanggung, Central Java 35 
Gaok GA Bangkalan, Madura Island 10 
Tolaki KTO Konawe, South East Sulawesi 20 
Kalosi KAL Gowa, South Sulawesi 30 

Nunu Nunukan and Sebatik, East Kalimantan 25 Nunukan  
NT Tarakan, East Kalimantan 30 

 

Genomic DNA was extracted from whole blood according to the phenol-chloroform method 
described by Green and Sambrook (2012). The samples were genotyped using 20 autosomal 
microsatellite loci (Table 2) that have been recommended by the International Society for 
Animal Genetics (ISAG)/Food and Agriculture Organization (FAO) of the United Nations 
Advisory Committee on measurement of domestic animal genetic diversity (FAO, 2011). 
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Table 2. Information of 20 microsatellite DNA markers for PCR amplification 

 

Primer Forward primer (5’-3’) Reverse primer (5’-3’) Size (bp) Tm (
o
C )* 

ADL0268 CTCCACCCCTCTCAGAACTA CAACTTCCCATCTACCTACT 102-106 60 

ADL0278 CCAGCAGTCTACCTTCCTAT TGTCATCCAAGAACAGTGTG 114-126 60 

LEI0094 GATCTCACCAGTATGAGCTGC TCTCACACTGTAACACAGTGC 247-287 58 

MCW0216 GGGTTTTACAGGATGGGACG AGTTTCACTCCCAGGGCTCG 139-149 60 

MCW0248 GTTGTTCAAAAGAAGATGCATG TTGCATTAACTGGGCACTTTC 205-225 61 

MCW0034 TGCACGCACTTACATACTTAGAGA TGTCCTTCCAATTACATTCATGGG 212-246 59 

MCW0069 GCACTCGAGAAAACTTCCTGCG ATTGCTTCAGCAAGCATGGGAGGA 158-176 58 
MCW0081 GTTGCTGAGAGCCTGGTGCAG CCTGTATGTGGAATTACTTCTC 112-135 58 

MCW0222 GCAGTTACATTGAAATGATTCC TTCTCAAAACACCTAGAAGAC 220-226 62 

MCW0295 ATCACTACAGAACACCCTCTC TATGTATGCACGCAGATATCC 88-106 60 
LEI0166 CTCCTGCCCTTAGCTACGCA TATCCCCTGGCTGGGAGTTT 354-370 58 

LEI0234 ATGCATCAGATTGGTATTCAA CGTGGCTGTGAACAAATATG 216-364 59 

MCW0037 ACCGGTGCCATCAATTACCTATTA GAAAGCTCACATGACACTGCGAAA 154-160 55 

MCW0111 GCTCCATGTGAAGTGGTTTA ATGTCCACTTGTCAATGATG 96-120 57 
MCW0016 ATGGCGCAGAAGGCAAAGCGATAT TGGCTTCTGAAGCAGTTGCTATGG 162-206 62 

MCW0206 ACATCTAGAATTGACTGTTCAC CTTGACAGTGATGCATTAAATG 221-249 60 

MCW0014 TATTGGCTCTAGGAACTGTC GAAATGAAGGTAAGACTAGC 164-182 58 

MCW0067 GCACTACTGTGTGCTGCAGTTT GAGATGTAGTTGCCACATTCCGAC 176-186 60 

MCW0183 ATCCCAGTGTCGAGTATCCGA TGAGATTTACTGGAGCCTGCC 296-326 58 
MCW0330 TGGACCTCATCAGTCTGACAG AATGTTCTCATAGAGTTCCTGC 256-300 60 

 
*Tm - annealing temperature for each of the primer pairs
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Microsatellite DNA amplification and genotyping 

 
Approximately 10-100 ng of genomic DNA were used in the amplification reaction. In a 
total 12 μL reaction typically contained 1.5 μL of extracted DNA, distilled water, buffer, 
dNTPs, MgCl2, Taq DNA polymerase and primers. All amplifications were carried out on 
Applied Biosystems 9700 Thermal Cycler Gene Amp® and involved an initial denaturation 
at 94°C for 5 min, 30 cycles of denaturation at 94ºC for 30 s, primer annealing at 
temperatures varying between 55°C and 62°C depending on primer compositions (Table 2) 
for 1 min, and extension at 72°C for 30 s. A final extension step at 72°C for 7 min completed 
the polymerase chain reaction (PCR). Genotyping was carried out on a Genetic Analyzer 
3130 xl (Applied Biosystems) using internal size standard Gene Scan-500 LIZTM. Allele size 
calling and binning were carried out using program GeneMapper version 3.7 (Applied 
Biosystems). 
 
Data analysis 

 

Allelic diversity (i.e. total number of alleles, mean number of alleles (MNA) and genetic 
diversity (i.e. observed (HO) and expected (HE) heterozygosity) were calculated using 
program Microsatellite Toolkit (Park, 2001). Within-population genetic variation (FIS), an 
indicator of the level of genetic inbreeding of a population, was estimated following Weir 
and Cockerham (1984) using program FSTAT version 2.9.3.2 (Goudet, 1995, 2002). The 
significant level of FIS values was tested for 19,600 randomisations not assuming Hardy-
Weinberg equilibrium. Phylogenetic relationships among populations were constructed based 
on the Nei’s (1972) standard genetic distances (Ds) for allelic frequency data using program 
PHYLIP version 3.69 (Felsenstein, 1989, 2005). The confidence in each node was assessed 
by bootstrapping at 1000 replicates. The un-rooted consensus neighbour-joining 
phylogenetic tree was visualized using program TreeView version 1.6.6 (Page, 1996). 
 
 

RESULTS AND DISCUSSION 

 
Up to 259 alleles were observed for these 49 populations of 14 major Indonesian indigenous 
chicken breeds across 20 loci. The MNA per locus, HO and HE per population are presented 
in Table 3. The MNA per locus ranged from 4.20 in PL to 7.60 in SUD. The HO and HE 
values averaged over loci showed an overall distribution pattern similar to that observed for 
MNA per locus. HO varied from 0.50 in NT to 0.67 in BANC and HE from 0.55 in KPS to 
0.72 in SUA. The observed within-population diversity measures indicated that Indonesian 
indigenous chicken populations were not only rich in genetic diversity but also highly 
differentiated from each other; therefore most of these indigenous chickens were warranted 
to develop specific utilization and conservation programs.  In contrast, Spanish native 
chicken breeds, opposite to what was observed in present study, had low MNA values and 
they were already maintained in conservation program (Dávila et al., 2009). The high 
number of observed alleles in Indonesian indigenous chicken populations might be attributed 
to their large effective ancestral population sizes and continuous gene flow among different 
chicken populations. This could be possible as village chickens are raised normally in free 
range system, mixing with other chicken flocks. Similar results were also observed in free-
ranging African chickens (Zimbabwean, Malawian and Sudanese) (Muchadeyi et al., 2007). 
 
A synthetic map constructed based on interpolated MNA values in Indonesian indigenous 
chicken populations using the Kriging gridding method showed gradient lines of influences 
from outside the country through different directions (Figure 1A). The areas with blue colour 



Genetic Diversity and Relationship of Indonesian Indigenous Chickens 

 647 

in most part of Java Island and middle part of Sumatera Island represented a relatively low 
number of alleles, indicating that indigenous chickens around these areas had low genetic 
diversity. On the other hand, the red colour in North Sumatera, South Sumatera, West Java 
and North Sulawesi showed a high number of alleles, revealing high diversity of indigenous 
chickens in these areas. The high diversity in those areas might be attributed to historical 
migrations of human populations and to trade. Being the centre for trading, Indonesian 
indigenous chicken could have had high opportunity in mixing with exotic chicken carried 
by traders.  The high diversity observed in South Sumatera and West Java might be due to 
the influence of commercial chickens as in these areas indigenous chickens and commercial 
chickens were reared together. However, this is not true for North Sumatera where the high 
diversity might be due to historical admixtures.  North Sulawesi areas also hosted important 
ports around Makassar Strait. These areas have attracted name for spice trading with the 
Portuguese since 1525, and could have been connected by trade with the cities around the 
strait, such as Manado, Maluku, or even the Philippines. The high diversity around these 
areas may thus have probably been influenced from the Philippines because northern part of 
these areas lies on the international route to the Pacific. 
 
Synthetic maps of HO and HE estimates (Figures 1B and 1C) showed slightly different 
patterns compared with that of MNA (Figure 1A). The influence of Malacca Strait and 
Makassar Strait can still be found in present indigenous chicken populations found along the 
trade routes.  However, a slight difference was observed in terms of a relatively high MNA 
in the south part extending into the middle of Sumatera., Middle Java also showed an 
increased HE. 
 
The distribution pattern of FIS estimates showed the opposite trend to those shown by to 
those of MNA, HO and HE. Except the BANE population with a very marginal negative value 
(-0.002, P > 0.05), all remaining FIS values were positive, suggesting that inbreeding was 
common in almost all Indonesian indigenous chicken populations, of which 32 reached 
significant levels (P < 0.05), suggesting a need for genetic intervention; for examples, 
exchange of breeding cocks among flocks to avoid the possible negative impact of 
inbreeding depression on survival, reproduction and productivity. The areas with red colour 
(Aceh, Yogyakarta, Nunukan, and Sebatik) showed the highest values of FIS which indicate a 
high risk due to inbreeding within the relevant populations whereas areas with blue colour 
indicate the absence of risk of inbreeding (Figure 1D). High levels of inbreeding might be 
associated with historical isolations of some of the indigenous chicken populations. It is 
interesting to note a significantly high FIS value (P < 0.001) in the Kampung chicken 
population (AC) sampled in Naggroe Aceh Darussalam province. Aceh, is lying in the gate 
of Malacca Strait in North Sumatera and was the most wealthy, powerful and cultivated state 
in the Malacca Strait area in early 17th century. Although high MNA and HE values were 
observed in relevant chicken populations due probably to historical introduction of exotic 
chickens into this area, the geographic isolations from other parts of Indonesia and also 
outside world in recent centuries could have led to the accumulation of inbreeding within 
these chicken populations in the recent past. 
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Table 3. Indicators of genetic diversity and F-statistics in 49 Indonesian indigenous 

chicken populations analyzed using 20 microsatellite markers 
 
Population HO±SD HE±SD MNA±SD FIS 

AC 0.62±0.02 0.71±0.03 7.50±3.14 0.134*** 
SUA 0.65±0.02 0.72±0.03 7.45±2.14 0.099*** 
SUB 0.58±0.02 0.66±0.03 6.30±1.78 0.124*** 
SUC 0.65±0.02 0.66±0.03 5.65±2.11 0.013 
SUD 0.64±0.02 0.69±0.03 7.60±3.23 0.063*** 
LAMA 0.59±0.02 0.69±0.03 7.00±2.38 0.156*** 
LAMB 0.66±0.02 0.69±0.03 6.80±2.26 0.045* 
LAMC 0.63±0.02 0.68±0.03 7.30±2.25 0.074*** 
BANA 0.61±0.02 0.67±0.03 5.75±1.83 0.096*** 
BANB 0.58±0.03 0.68±0.03 5.75±2.00 0.148*** 
BANC 0.67±0.02 0.71±0.02 6.30±1.75 0.060** 
BAND 0.64±0.03 0.70±0.03 6.60±2.21 0.091*** 
BANE 0.59±0.03 0.59±0.03 4.40±1.14 -0.002 
BANF 0.65±0.03 0.67±0.03 5.10±1.71 0.036 
JWT 0.61±0.03 0.70±0.02 5.75±1.74 0.136*** 
MANA 0.58±0.02 0.65±0.04 5.85±2.30 0.100*** 
MANB 0.58±0.02 0.68±0.03 6.45±2.52 0.153*** 
MANC 0.60±0.03 0.66±0.04 5.75±2.05 0.094** 
MAND 0.60±0.02 0.66±0.03 6.40±2.56 0.096*** 
MANE 0.64±0.02 0.71±0.02 7.25±2.95 0.094*** 
MANF 0.59±0.03 0.65±0.04 5.85±2.70 0.098** 
MANG 0.66±0.02 0.68±0.03 7.25±2.77 0.028 
MANH 0.60±0.03 0.68±0.03 5.35±1.81 0.127*** 
MANI 0.62±0.03 0.67±0.03 6.05±2.31 0.078** 
MANJ 0.63±0.02 0.70±0.03 6.50±2.56 0.097*** 
LOM 0.58±0.02 0.65±0.04 7.55±3.07 0.109*** 
MALA 0.65±0.02 0.67±0.03 6.25±2.36 0.032 
MALB 0.62±0.02 0.69±0.02 6.35±2.11 0.109*** 
MALC 0.63±0.03 0.66±0.03 5.25±2.51 0.055 
POSA 0.60±0.02 0.66±0.03 6.25±2.27 0.090*** 
POSB 0.60±0.02 0.66±0.03 6.05±1.88 0.099*** 
MR 0.62±0.02 0.68±0.03 5.85±2.25 0.082*** 
PL 0.59±0.03 0.64±0.03 4.20±1.06 0.071* 
PLC 0.61±0.02 0.62±0.02 5.75±1.59 0.007 
Tang 0.57±0.03 0.60±0.04 4.50±1.57 0.048 
KdPJ 0.66±0.04 0.68±0.03 4.45±1.57 0.041 
KdP 0.63±0.03 0.65±0.03 5.25±1.94 0.024 
Kd 0.65±0.02 0.68±0.03 6.20±2.19 0.039 
KdH 0.65±0.03 0.68±0.03 5.30±1.87 0.033 
STC 0.56±0.03 0.67±0.03 5.35±1.50 0.157*** 
STJ 0.66±0.02 0.69±0.02 6.40±2.41 0.037 
KPS 0.54±0.02 0.55±0.04 4.25±1.65 0.026 
KT 0.53±0.02 0.66±0.03 5.15±1.27 0.196*** 
CM 0.59±0.02 0.66±0.03 6.35±1.93 0.121*** 
GA 0.60±0.04 0.63±0.05 4.50±1.99 0.052 
KTO 0.66±0.02 0.67±0.04 6.25±2.20 0.020 
KAL 0.63±0.02 0.67±0.03 6.25±2.10 0.061** 
Nunu 0.60±0.02 0.64±0.04 5.40±1.76 0.059* 
NT 0.50±0.02 0.61±0.03 5.85±1.60 0.183*** 
 

* for P < 0.05, **P < 0.01 and *** P < 0.001 based on 19,600 randomisations not assuming Hardy-
Weinberg equilibrium. The extreme values in each column are highlighted in bold fonts. 
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Fig. 1. Synthetic maps illustrating geographic variation of the Indonesian indigenous 

chickens using MNA (A), HO (B), HE (C) and FIS (D) estimates 

 

A phylogenetic tree showing the relationships among 49 Indonesian indigenous chicken 
populations based on Nei’s Ds estimates is presented in Figure 2. In general, there is no clear 
clustering pattern among the Indonesian indigenous chicken populations except for KDH, 
KdP and KD from Central Java together with KdPJ, STJ and Tang from West Java forming a 
separate cluster while MANA from North Sulawesi and MR from South Sumatra also joining 
the same cluster. Based on the information on morphology and management practice of these 
chicken populations, separation of this cluster could be attributed to the certain level of 
crossbreeding of indigenous chickens with exotic commercial breeds/lines. Another small 
cluster including NT and Nunu, (Figure 2) from East Kalimantan, was probably explained by 
their relatively isolated distribution from other Indonesian chicken populations and closed 
breeding within the area over historical times. 
 
This study presents the results of nearly complete sampling done for genetic characterization 
of Indonesian indigenous chicken populations for the first time. Our results validated the 
observation of Riztyan et al., (2011) on a close relationship between undetermined Kedu and 
Kampung chickens. Ahigh within population genetic diversity but rather limited genetic 
differentiation among Indonesian indigenous chicken populations detected at autosomal 
microsatellite loci were also observed in most of the unselected, nondescript indigenous 
chicken populations in Asia and Africa due probably to their common and recent origin, 
large effective population size and frequent gene flow (Msoffe et al., 2005; Muchadeyi et al., 
2007; Mwacharo et al., 2007; Osei-Amponsah et al., 2010; Mtileni et al., 2011; Berima et al., 
2013). However, the genetic introgression of commercial chicken breeds/lines into KDH, 
KdP and KD from Central Java, KdPJ, STJ and Tang from West Java, MANA from North 
Sulawesi and MR from South Sumatra, though limited in its impact, did shape the genetic 
structure of these populations related to long-term improvement programs, such as the 
distribution of crossbred chicks with commercial genetic background to local householders 
(Leroy et al., 2012). On the other hand, a rather clear genetic distinction was observed 
among most of the well-established European, Chinese, Japanese and Korean indigenous and 
commercial chicken breeds and lines following historical extensive and recent intensive 
selection for specific phenotypes and/or high productivity (Romanov and Weigend, 2001; 
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Tadano et al., 2007a, 2007b, 2008; Bodzsar et al., 2009; Ding et al., 2010; Zanetti et al., 
2010; Seo et al., 2013). Nevertheless, local chickens in Africa, Asia and South America were 
found to be genetically distinctive (Wimmers et al., 2000) due to their ancient and large 
geographic isolations. Most of the Indonesian indigenous chicken breeds/populations were 
also highly diversified because of their isolated distribution in different islands and also 
because of their historical interaction with other chicken genetic resources through regional 
trading in the past.  Hence, they are warranted for conservation through sustainable 
utilization programs. 
 

 

 

Fig. 2. Phylogenetic tree among 49 Indonesian indigenous chicken populations based 

on Nei’s Ds estimations 

 
 

CONCLUSIONS 

 
The molecular characterization of nearly complete sampling of 49 populations belonging to 
14 major Indonesian indigenous chicken breeds genotyped for the first time using 20 
autosomal microsatellite DNA markers indicated that there is rich and unique genetic 
diversity among most of the populations. The amount of genetic diversity is partitioned 
between major islands with most of them showing significant level of inbreeding within 
populations. Although the genetic differentiation among most of these populations across 
islands is not significant due to recent and frequent gene flow, most probably due 
introgression with commercial chicken breeds/lines especially in those population in urban 
areas  , leading to different genetic structures. Some localized populations in certain islands 
have evolved into distinct genetic background due to historical trading and long term 
geographic isolation. These findings will help providing scientific basis for the development 
of rational policies supporting conservation and sustainable utilization efforts. 
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