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Abstract. Pertiwi NPD, Nugraha B, Kartika R, Sulistyaningsih RK, Jatmiko I, Sembiring A, Mahardini A, Cahyani NKD, Anggoro AW, 
Madduppa HH, Ambariyanto A, Barber PH, Mahardika GN. 2017. Short Communication: Lack of differentiation within the bigeye tuna 
population of Indonesia. Biodiversitas 18: 1406-1413. All highly migratory tuna and tuna-like species have vast feeding grounds and 
spawning grounds. Indonesia’s tuna catch is the largest in the world. However, genetic diversity in the population structure within 
particular tuna species in Indonesia is very limited. Here we provide genetic data for bigeye tuna (Thunnus obesus) covering fishing 
grounds and local fish markets throughout Indonesia. A fragment of mitochondrial DNA in the D-loop control region was amplified 
from samples collected across Indonesia in the biennium 2012-2013. The results showed high haplotype diversity and low nucleotide 
diversity in our samples. Little differentiation occured between the eleven diverse sampling locations, nor was any separation detected 
between general regions of Indonesia, nor between samples from fishing grounds  and samples from fish markets.  
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INTRODUCTION 

Having extensive archipelagic waters and an exclusive 
economic zone of 200 nautical miles, Indonesia should 
play a central role in maintaining the world’s pelagic and 
coastal biomass. This country's seas are the migratory 
route, nursery and spawning ground for various species, 
including tuna. Indeed, tuna and their relatives are found in 
abundance here (Juan-Jorda et al. 2013), providing a 
significant source of income for Indonesia (FAO Fisheries 
2013). Benefiting from this abundance, Indonesia is the 
biggest tuna-producing country in the world, contributing 
15% to global tuna production in 2009 (Miyake et al. 2010; 
Sunoko and Huang 2014).  

Genetic data should be incorporated in management 
models in order to develop more realistic conservation 
strategies. Genetic data for tuna fisheries is of particular 
interest. Many of the world’s tuna populations have 
dwindled by up to 60% from 1950’s levels, as the industry 
has increased. The long life-cycle of tuna has exacerbated 
this trend (Collette et al. 2011; Juan-Jorda et al. 2011). If 
current exploitation rates continue, it is estimated that the 
bigeye tuna population of the Central and Western Pacific 
will soon reach a stock level that will be incapable of 
producing maximum sustainable yields (Sibert et al. 2012).  

To our knowledge, there is very limited population 
genetic data for tuna caught in Indonesia. While 
Indonesian-wide scientific coverage of the population 
genetics of other species, such as frigate tuna, kawakawa, 
skipjack tuna, Indian mackerel, and narrow-barred Spanish 
mackerel has been well documented (Jackson et al. 2014), 
genetic information is scarce for the principal market 
species of tuna – bluefin, yellowfin and bigeye. Therefore, 
in the research reported here, we examined genetic 
variability of bigeye tuna in the western, central, and 
eastern Indonesia waters using mitochondrial control 
region sequence data. This particular marker has been 
shown to be particularly sensitive in detecting the 
population genetic structure of marine migrating and 
predatory fish (Buonnacorsi et al. 2001).  

MATERIALS AND METHODS 

Sample collection 
Fin clips of bigeye tuna samples were collected across 

Indonesia in 2012-2013, including in (1) Aceh, (2) Indian 
Ocean high sea, off-shore west of Sumatra (Bungus Island), 
(3) Pelabuhan Ratu (West Java), (4) Muara Baru, (5) Indian 
Ocean high sea, off-shore south of Java Island, (6) 
Lombok, (7) Bone (South Sulawesi), (8) Bitung (North 
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Sulawesi), (9) Ternate (North Maluku), (10) Ambon, and 
(11) Manokwari (West Papua). All locations are shown in 
Figure 1. The number of samples from each of the 11 
locations, the general region of Indonesia represented, and 
the type of sample (originating either from a fishing ground 
or a fish market) are listed in Table 1.  

Each fin clip was collected and preserved in ethanol 
95%. Genomic DNA was extracted using a 10% Chelex 
solution (Walsh et al. 1991). The control region (CR) 
mtDNA fragment was amplified using polymerase chain 
reaction (PCR) with the published CRK-CRE primers (Lee 
et al. 1995). Following visualisation of PCR products on 
1% agarose gels stained with ethidium bromide, the PCR 
products were sequenced using both PCR primers using the 
Big Dye Chain Termination protocol at the University of 
California Berkeley Sequencing Facility.  

Population genetic analyses (haplotypic diversity (H), 
nucleotide diversity (π), index ΦST) were executed using 
Arlequin ver.3.5 (Excoffier and Lischer 2010) and DnaSP 
5.1 (Librado and Rozas 2009). Samples from Aceh were 
not included in the population comparison due to a limited 
number of samples. Delineative statistics such as 
haplotypic diversity (H) (Nei et al. 1985) and nucleotide 
diversity (π) (Lynch and Crease 1990) were determined for 
each sampling location, for geographic regions, as well as 
for the type of sample (originating from fishing grounds or 

fish markets). The inter-haplotype levels of divergence 
were estimated using the index ΦST (Excoffier et al. 1992), 
which includes information on mitochondrial haplotype 
frequency (Weir and Hill 2002) and genetic distance 
(Tamura and Nei 1993). The analysis of molecular variance 
(AMOVA) (Excoffier et al. 2005) was used to examine the 
amount of genetic variability partitioned within and among 
populations. Permutation procedures (n = 20.000) were 
used to construct null distributions and to test the 
significance of variance components for each hierarchical 
comparison (Guo and Thompson 1992).  

Phylogeny was reconstructed using the Neighbor-
Joining method (Saitou and Nei 1987). The evolutionary 
distances were computed using the Kimura 2-parameter 
method (Kimura 1980). The test of phylogeny was 
conducted using the bootstrap method with 1000 replicates. 
Evolutionary analyses were conducted in MEGA6 (Tamura 
et al. 2013). Included in the analysis were bigeye tuna 
(BET) reference accessions with the following accession 
numbers: AY640276-288 from East Atlantic and 
AY640299-301 from Western Pacific, South China Sea, 
and the Philippines (Chiang et al. 2006) as well as 
EF154397-417 from Indian Ocean off Seychelles, off-shore 
Southwestern and Southeastern India, as well as Cocos 
Islands (Chiang et al. 2008). 

 
 
 

 

 
Figure 1. Map of Indonesia showing sampling locations for bigeye tuna (Thunnus obesus) coded by black circle. No 1 to 11 indicated 
each locations, (1) Aceh, (2) Indian Ocean high sea, off-shore west of Sumatra (Bungus Island), (3) Pelabuhan Ratu (West Java), (4) 
Muara Baru, (5) Indian Ocean high sea, off-shore south of Java Island, (6) Lombok, (7) Bone (South Sulawesi), (8) Bitung (North 
Sulawesi), (9) Ternate (North Maluku), (10) Ambon, (11) Manokwari (West Papua) 
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RESULTS AND DISCUSSION 

Haplotype (H) and nucleotide diversity (π ) 
A total of 414 CR-mtDNA sequences for bigeye tuna 

were analysed in the study, based on a well-defined 
sequence of 447 bp. All sequence data has been deposited 
in GenBank with the following Accession Numbers: 
KR105968-KR106131 and KM871869-KM872030. The 
number of haplotypes (NH), the haplotype diversity (HD) 
and the nucleotide diversity (π) estimated for each of the 11 
sampling locations, for each region (West, Central or East) 
of Indonesia, and for the two type of sampling sites (fishing 
ground or fish market) are presented in Table 1. The results 
show that bigeye tuna possesses high haplotype and low 
nucleotide diversity throughout Indonesia. The lowest HD 
was in Lombok (0.981), while the highest (1.00) was found 
in Aceh, Bungus, South Sulawesi, and Papua. The HD’s in 
west, center, and east Indonesia were 0.999, 0.998 and 
0.997, respectively. Based on the type of sampling location, 
the HD's in the fishing ground and fish market were 0.997 
and 0.998. The overall value for nucleotide diversity (π) 
across locations was only 0.028±0.003.  

Analysis of molecular variance (AMOVA) 
The result of the analysis of molecular variance 

(AMOVA) of CR-mtDNA from various sampling locations 
is shown in Table 2. Population comparison between 
sampling area is shown in Table S1. Group comparisons 
based on the geographic area of Indonesia (west, center, 
and east) and the nature of sampling site (fishing ground 
and fish market) is summarized in Table 3. Overall fixation 
index (FST) was 0.00391. This index indicates there was 

no significant differentiation between bigeye sampling 
locations. Group comparisons resulted in no significant 
differentiation between geographic parts of Indonesia 
(west, center and east) and between the types of sampling 
locations (fishing ground and fish market). Population 
comparison between locations (Table S1) shows significant 
differentiations between Lombok and Ambon as well as 
between North Sulawesi’s and North Maluku’s bigeye 
samples. 
 
Table 1. Origin, total number of readable sequences, number of 
haplotypes (NH), haplotype diversity (H) and nucleotide diversity 
(π ) of bigeye and yellowfin tunas from various sampling 
locations, geographic part of Indonesia, as well as two types of 
sampling sites  
 
Origin Delineative statistics 

No. Seq# NH HD Π 
Aceh 3 3 1 0.026 
Indian Ocean Bungus 19 19 1 0.028 
West Java 67 65 0.999 0.029 
Muara Baru 47 40 0.994 0.027 
Indian Ocean Java 36 33 0.995 0.028 
Lombok 15 13 0.981 0.031 
South Sulawesi 25 25 1 0.028 
North Sulawesi 126 103 0.996 0.029 
Ambon 21 20 0.995 0.025 
North Maluku 41 37 0.995 0.024 
Papua 14 14 1 0.033 
West Indonesia 89 86 0.999 0.029 
Centre Indonesia 249 200 0.998 0.027 
East Indonesia 76 68 0.997 0.026 
Fishing Ground 55 51 0.997 0.028 
Fish Market 359 279 0.998 0.026 

 
 
 
Table 2. Analysis of molecular variance (AMOVA) of mtDNA control region of Bigeye tuna from various sampling locations 
 
Source of variation DF* Sum of squares Variance component Percentage of variation  
Among population 9 66.796 0.02535Va 0.39 
Within-population  401 2587.214 6.45191Vb 99.61 
Total 410 2654.01 6.47725  
Fixation Index (FST) = 0.00391   
Note: *: Aceh data was excluded from the analysis 
 
 
 
Table 3. Group Comparison based on geographic area of Indonesia (west, center and east) and the nature of sampling sites (fishing 
ground and fish market) of bigeye tuna  
 

Structure tested 
 

Observed partition 
Variance % total Φ statistics P 

  
Based on geographical regions (West, Center, and East Indonesia) 

Among regions 0.02278 0.35 0.00352 0.06648 
Among locations within regions 0.00372 0.06 0.00058 0.37454 
Within locations 6.44801 99.59 0.00409 0.1375 

 
Based on type of sampling locations (fishing ground, and fish market)  

Among sample types 0.0135 0.21 0.00209 0.78459 
Among locations within sample types  0.02256 0.35 0.00349 0.11178 
Within locations 6.44801 99.86  0.00140  0.13975 
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Figure 2. Neighbor-Joining tree of mtDNA control region fragment of bigeye tuna from various locations in Indonesia co-analyzed with 
secondary data available in GenBank from West Pacific, East Atlantic, and the Indian Ocean as previously published (Chiang et al., 
2006, 2008). The taxon markers were filled inverted triangle for samples from Aceh, filled triangle from Bungus, unfilled inverted 
triangle from West Java, filled diamond from Muara Baru, unfilled circle from Java-Indian Ocean, filled circle from Lombok, filled 
square from South Sulawesi, unfilled triangle from North Sulawesi, unfilled square from Ambon, and unfilled diamond from North 
Maluku. The secondary data are indicated as PW and AE from the Indian Ocean, West Pacific, and East Atlantic. The evolutionary 
history was inferred using the Neighbor-Joining method (Saitou and Nei 1987). Test of phylogeny was conducted using the bootstrap 
method with 1000 replicates. Bootstrap values of ≥80% are shown. A yellowfin tuna sequence (Acc. No. KP299042) was analysed as an 
outgroup 
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Evolutionary relationships 

Evolutionary relationships for the mtDNA control 
region fragment of bigeye tuna from Indonesia were co-
analyzed with data from Atlantic, Western Pacific and the 
Indian Ocean beyond Indonesia is shown in Figure 2. The 
phylogenetic tree shows that most of the Indonesian data 
belong to a single clade along with some Western Pacific 
and Indian Ocean East Atlantic data. A minor clade exists 
together with PW024 and PW113 secondary data 
(bootstrap value of 99%).  

Discussion 
We found that bigeye tuna in Indonesia seas possess 

high haplotype diversity and low nucleotide diversity based 
on analysis of a CR-mtDNA marker in populations 
sampled throughout the archipelago. Tuna is known as a 
highly migratory cosmopolitan marine fish (FAO 2000) 
and the origin of all species is thought to be polyphyletic 
(Kumar et al. 2014). Little migration occurs between 
Atlantic and Pacific-Indian Oceans for bigeye tuna (Chiang 
et al. 2006, 2008; Gonzalez et al. 2008). The fish are 
believed to possess large population sizes, that lead to the 
observed slow genetic drift with low-level or even no 
differentiation between Indo-Pacific and the Atlantic 
(Gonzalez et al. 2008). 

Having vast inter-island waters, we expected some 
genetic differentiation among bigeye tuna. However, we 
found no differentiation between sampling locations, 
geographic regions (west, center, and east of Indonesia), 
and none between the types of sampling site (fishing 
ground and fish market). In the AMOVA between locations 
(Table S1), a significant difference was detected between 
Lombok and Ambon as well as between North Sulawesi 
and North Maluku. This small population differentiation 
might be due to the seasonal movement and age of tunas. 
The samples from those sites were mostly of young bigeye 
tuna collected from fish markets. This seems to be the 
harvest of traditional fishermen and artisanal fisheries. The 
artisanal tuna fisheries are most likely operating near shore 
and in inter-island waters or by using anchored fish 
aggregating devices (FAD) like ‘payaos’ in the Philippine 
(Dickson and Natividad 2000; Macusi et al. 2015). This 
traditional fishery might catch mostly baby tuna. 

Many biological aspects of tuna are still unknown, 
especially regarding spawning and baby tuna. Adult bigeye 
tuna are known to be mesopelagic and mid-ocean species 
(Guojon and Majkowski 2000). Some tuna species, such as 
bluefin and yellowfin are known to exhibit homing 
behavior, returning to a specific place to spawn (Guojon 
and Majkowski 2000). Information for bigeye is lacking. 
This species might exhibit this behavior too. Further study 
is needed to explain the population differentiation found in 
some places, perhaps by simply analyzing samples of baby 
tuna.   

The overall finding of our study is that there is a single 
population of bigeye tuna in Indonesia. This finding is in 
agreement with previous reports. Using CR-mtDNA, 
Chiang et al. (2008) confirmed the presence of various 
clades of bigeye, with the Atlantic clade limited in 

distribution to the Atlantic, and clades I and III dispersed in 
the Western Pacific, Indian Ocean, and Atlantic. No 
representatives of the Atlantic clade was identified in our 
study, as the reference accessions for the Atlantic clade 
(AE002, AE046 and AE048) formed a distinct cluster with 
bootstrap value of 94% (Figure 2). 

Single dominant lineage has been identified in the 
South China Sea, Philippine Sea and Western Pacific 
Ocean, while minor clades are found in all waters (Chiang 
et al. 2006). A minor clade was also identified in this study 
from Indonesia (Figure 2). The demarcation of the specific 
Atlantic clade from the Pacific-Indian-Atlantic Oceans 
shared clade has been demonstrated using nucleotide 
sequencing from the same gene fragment used in our study 
(Martinez et al. 2006), as well as using random fragment 
length polymorphism (Chow et al. 2000). A barrier to gene 
flow at the Cape of a Good Hope, South Africa, has been 
proposed (Alvarado-Bremer et al. 1998; Chow et al. 2000). 
However, using data from nuclear microsatellite loci, 
Gonzalez et al. (2008) infered that bigeye tuna is a single 
worldwide panmictic unit The lack of congruence between 
mt and nDNA is thought to reflect past events of isolation 
and secondary contact (Gonzalez et al. 2008). The presence 
of representatives of the Pacific-Indian Ocean clade in the 
Atlantic is predicted based on hypothesized extensive 
migrations before the last glaciation. The discrepancy 
between mt and nDNA might also reflect behavioral 
differences between sexes such as female-biased philopatry 
and male-biased dispersal (Qiu et al. 2013).  

This is the first spatial data covering Indonesia for 
bigeye tuna. The inference made in this study was based on 
a single mtDNA marker, the polymorphic control region, 
CR (Brown et al. 1986). This marker was selected in order 
to make a direct comparison with the global population 
data for tuna, as most other studies have targeted this 
fragment (Chiang et al. 2006, 2008). Using CR-mtDNA 
does have an advantage compared to other loci such as 
COI, as the coding regions are mostly under positive 
selection and accommodate viable mutations only. 
Therefore, greater variation occurs in CR compare to other 
coding regions. The weakness of CR-mtDNA is the lack of 
concordance with the results of using nuclear microsatellite 
loci (Gonzalez et al. 2008) in bigeye tuna. The discrepancy 
might reflect behavioral differences of male and female 
fishes (Qiu et al. 2013). Despite reservations about results 
obtained from different methods, the lack of differentiation 
we found amonst the bigeye tuna populations mirrors 
similar responses to evolutionary processes and 
biogeographic events observed in various comparable taxa 
(Carpenter et al. 2011).  

The results of this study might reflect the high 
population size for bigeye tuna. Further study needs to be 
carried out concerning the temporal or seasonal population 
structure for this species. The techniques we have applied 
in this study have been made available within the country 
and will benefit government agencies in the responsible 
management of the tuna industry. Good quality fisheries 
data needs to be collected regularly - such as hook rates, 
voyaging distances, fishing grounds, fork lengths, maturity 



PERTIWI et al. – Bigeye tuna in Indonesia 

 

1411

levels and trends in cost per kilogram. This is required in 
order to provide a better understanding of the status of the 
tuna stocks and the strength of the fishery. This will allow 
decisons to be made on various management parameters 
such as maximum sustainable yields, and perhaps in the 
future total allowable catch levels.  

In conclusion, the bigeye tunas catch in Indonesia has 
high haplotype diversity and low nucleotide diversity. 
Little population differentiation occurs between specific 
sampling locations, between geographic regions, and 
between types of samples taken to assess this diversity. 
Indonesian seas support a population of bigeye tuna 
assigned to the major Pacific and Indian Oceans clades for 
the species. Temporal differentiation needs to be examined 
in future studies, together with fisheries data, to generate a 
complete picture of the status of the tuna industry and to 
identify management actions needed to sustain the fishery 
for the benefit of peoples’ livelihoods as well as the 
country’s income.  
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Table S1. The result of Fst test between locations of bigeye tuna samples from Indonesia 
 

  
Indian 
Ocean 
Java 

Lombok Manokwari South 
Sulawesi 

North 
Sulawesi 

Indian 
Ocean 

Bungus 

West 
Java Ambon North 

Maluku 

Indian Ocean Java 
Lombok - 
Manokwari - - 
South Sulawesi - - - 
North Sulawesi - - - - 
Indian Ocean Bungus - - - - - 
West Java - - - - - - 
Ambon - + - - - - - 
North Maluku - - - - + - - - 
Muara Baru - - - - - - - - - 
Note: Positive (+) or negative (-)  mean significant or not-significant differentiation.   
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