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Abstract. Setyaningrum N, Lestari W, Nuryanto A. 2024. Small scale genetic structure of striped snakehead, Channa striata in the river 
and swampy areas of the south region of Central Java, Indonesia. Biodiversitas 25: 2959-2966. This study focuses on the exploration 
and characterization of Channa striata population in swampy areas located in south-central Java, Indonesia, specifically in the regencies 

of Purworejo, Kebumen, Banyumas, and Cilacap. These regions are known for their diverse and unique ecosystems, making them ideal 
sites for ecological research. Fragmented populations of striped snakehead (Channa striata) are observed in the aquatic ecosystems of 
south-central Java, Indonesia. However, research on C. striata in swampy areas of south-central Java has not been conducted yet. 
Evaluating the genetic structure of C. striatais a crucial endeavor that can be accomplished through the analysis of the cytochrome c 
oxidase 1 gene. Therefore, this research aims to estimate the genetic diversity and differentiation among C. striata populations. This 
study analyzed 74 specimens of C. striata collected from Keburuan, Karangbolong, Jatijajar, Sumpiuh, and Kedungreja in south-central 
Java. The used marker has moderate haplotype diversity (0.541±0.065) but low nucleotide diversity (0.0025±0.0017). Haplotype 
diversity within the population ranges from low (0.151±0.093) to high (0.833±0.222), while all populations showed low nucleotide 

diversity (0.0006±0.0008 to 0.0037±0.0030). Through the analysis of genetic markers, C. striata populations can be categorized into 
three distinct groups. The findings revealed that population fragmentation has resulted in reduced genetic diversity and localized 
population structuring in the river and swampy areas of south-central Java. These results highlight the importance of separate 
management strategies for each population to ensure their conservation and sustainable management. 
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INTRODUCTION 

Previous studies have demonstrated that animal 

populations exhibit varying patterns of geographic structure 

across their ranges (Nuryanto et al. 2019; Tisthammer et al. 

2020). Some species have been found to display genetic 

homogeneity among populations that are geographically 

distant (Barasa et al. 2014; Viret et al. 2018), while others 
exhibit significant genetic differences between distantly 

separated populations (Dohna et al. 2015; Tan et al. 2015; 

Basviar et al. 2018; Supmee et al. 2021). Additionally, 

certain species have been observed to exhibit small-scale 

significant genetic structure among populations (Tim et al. 

2017; Coleman et al. 2018; Leyton 2020). 

The striped snakehead (Channa striata) is potamodromous 

fish species with limited dispersal capability in the habitat, 

a maximum of 500 m (Amilhat and Lorenzen 2005;  Froese 

and Pauly 2024). It is an economically valuable fisheries 

commodity in Asia. This species is widely distributed in 

Asia. In Indonesia, it is distributed in large Sunda Island, 
namely Sumatra, Java, and Borneo (Coad et al. 2016; 

Ansyari et al. 2020; Djumanto et al. 2020; Muslimin et al. 

2020). This species has been introduced to Bali (Yudha et 

al. 2018) and the eastern regions, such as Sulawesi and 

Maluku (Irmawati et al. 2017). C. striata is known to 

inhabit a diverse range of habitats, with a preference for 

swamps, stagnant rivers, river flood plains, and dams or 

reservoirs (Galib et al. 2016; Chan et al. 2017, 2020; 

Gumiri et al. 2018). Previous studies have also documented 

the presence of C. striata in various freshwater ecosystems 

in the southern regions of Central Java, Indonesia 

(Nuryanto et al. 2015; Setyaningrum et al. 2021). 

Four regencies reside in the southern region of Central 

Java Province, Indonesia, i.e., Purworejo, Kebumen, 

Banyumas, and Cilacap. There are rivers and swampy areas 
found in each district. Cincingguling is among the rivers in 

Kebumen District that have been fragmented by Sempor 

Reservoir since approximately 60 years ago (Setyaningrum 

et al. 2022a). Keburuhan is a river in the Kutoarjo Sub-

district, Kebumen District, with its estuary known as the 

fish auction center. Several swampy areas are also found in 

the Kebumen, Banyumas, and Cilacap Regencies. The 

swampy areas in question are geographically separated from 

each other by physical barriers such as land masses, 

resulting in fragmentation. This isolation likely originated 

during the formation of Java Island (Setijadji et al. 2006). 

Habitat fragmentation can restrict genetic exchange and 
result in notable genetic structure among populations 

(Underwood et al. 2015; Basviar et al. 2018; Coleman et al. 

2018). A study focusing on Channa argus demonstrated 

substantial genetic regional subdivision, both among rivers 

and within sampling sites within river systems, indicating 

the role of physical barriers (Yan et al. 2017). The genetic 

structure of regionally subdivided populations can be 

investigated using mitochondrial DNA, such as the 

cytochrome c oxidase 1 (COI) gene, even in the absence of 
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physical barriers (Liu et al. 2020). Previous research has 

confirmed the reliability of this gene fragment as a genetic 

marker for studying population genetics in various animal 

populations (Henriques et al. 2016; Nuryanto et al. 2019; 

Padmavathi and Srinu 2019; Fernandez-Alias et al. 2022). 

Additionally, a study reported significant genetic differentiation 

among C. striata populations in Indian rivers (Basviar et al. 

2018).   

In contrast, a recent study conducted in the Cicingguling 

River in Central Java revealed a genetically homogeneous 
population of C. striata, despite being fragmented by a 

reservoir (Setyaningrum et al. 2022a). However, the study 

by Setyaningrum et al. (2002a) was  focused only on a 

single river and could not provide a comprehensive 

understanding of the population genetics of C. striata in 

south-central Java. To address this gap, our research aims 

to assess the genetic diversity and population structure of 

C. striata in the rivers and swampy areas of southern 

Central Java, Indonesia. 

MATERIALS AND METHODS  

Research location and sampling sites  
Channa striata samples were collected from six 

different sampling sites in Central Java Province, Indonesia, 

i.e. (i) Sempor Reservoir (7°33’13”S-7°34’01”S and 

109°29’05”E-109°29’16”E) of Kebumen District, as well 

as other rivers in: (ii) Jatijajar (7°40'3.8"S; 109°25'36.5"E) 

and (iii) Karangbolong (7°45'33.4"S; 109° 27'57"E) of 

Kebumen District, Central Java; (iv) Kedungreja 

(7°34'19.6"S; 108°48'36.8"E) of Cilacap District; (v) 

Sumpiuh (7°37'9.5"S; 109°17'3.7"E) of Banyumas District, 

and (vi) Keburuan (7°49'41.9"S; 109°53'18.9"E) of 

Purworejo District, respectively (Figure 1). C. 

striataspecimens were collected using traditional traps 

made from bamboo and lines with the help of fishermen. 

Tinny fragments of tissue 74 samples were cut off from the 

pectoral fin of each individual and put in new Eppendorf 

tubes filled with 96% ethanol. The fish bodies were 

preserved in 70% ethanol for morphological studies and 

stored at the Aquatic Biology Laboratory, Faculty of 

Biology, Universitas Jenderal Soedirman, Purwokerto 
Utara, Banyumas, Central Java, Indonesia. 

Procedures 

DNA isolation and marker polymerization  

The DNA genome was isolated from the pectoral fin 

tissue using the Quick-DNA™ Miniprep Plus kit adopted 

from Zymo’s research. This study employed DNA 

extraction procedures following the Kit’s manual, and the 

success of the extraction was verified through 1% agarose 

electrophoresis. The target fragments of the COI gene were 

then amplified using FishF2- 

5’TCGACTAATCATAAAGATATCGGCAC3’ and FishR2-

5’ACTTCAGGGTGACCGAAGAATCAGAA3’  primers with 

PCR products approximately 655 bp (Ward et al. 2005). 

For each 25 µL PCR mixture, the volume of each chemical 

reagent was as follows: 1 µL of KOD FX Neo, 13.5 µL of 

2X PCR Buffer KOD FX Neo, 1 µL of 2 mM dNTPs, 1 µL 

of each primer at 10 pmol/µL, 1 µL of template DNA, and 

6 µL of ddH2O. All DNA analysis procedures were 

conducted at the Genetika Laboratory (PT. Genetika 

Science Indonesia).  

 

 

 

 
 

Figure 1. Research location of Channa striata in reservoir and rivers in the south region of Central Java, Indonesia. A. Kedungreja, B. 
Sempor Reservoir, C. Sumpiuh, D. Jatijajar, E. Karangbolong, F. Keburuan 
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The thermal cycling conditions consisted of an initial 

denaturation at 95°C for 4 minutes, followed by 35 cycles 

of denaturation at 95°C for 30 seconds, annealing at 53°C 

for 2 minutes, and extension at 72°C for 1 minute. The 

final extension step was performed at 72°C for 5 minutes to 

complete the cycles. The PCR products were visualized by 

staining with ethidium bromide and electrophoresed on a 

1.5% agarose gel, followed by examination under ultraviolet 

light. Gel documentation was carried out using the GelDoc 

apparatus (BioRad).  

The cytochrome oxidase 1 sequencing and editing 

The 21 PCR products amplified from the COI marker 

were subjected to sequencing using the standard Sanger 

method in both the forward and reverse directions at 1st 

BASE Malaysia (haplotype accession number OQ852690-

OQ852694). Additional of 53 sequences were obtained 

from GenBank (haplotype accession number OQ852682-

OQ852687). The sequences were edited in BioEdit (Hall 

2017). Multiple sequence alignment (MSA) was conducted 

using ClustalW ver.1.4, implemented in  BioEdit (Hall 

2017), which yielded a 564 bp fragment of the COI gene 
from 74 individuals of C. striata. Haplotype information 

was derived from the analysis using DnaSP 6 (Rozas et al. 

2017).  

Data analysis 

This study used sequence identity of 97% and 3% 

genetic distance between the sample and reference species 

available as the species border. These values were also 

utilized in previous studies (Nuryanto et al. 2022; Winarni 

et al. 2023). All specimens were subjected to molecular 

identification using the COI barcode method. Taxonomic 

status was determined based on sequence comparison to 
conspecific sequence in GenBank. 

The COI fragment was tested for its neutrality using 

Tajima’s D (Tajima 1989) and Fu’s Fs tests (Fu 1997) with 

10,000 permutations as implemented in Arlequin 3.5 

(Excoffier and Lischer 2015). These tests were carried out 

to ensure that the used COI fragment is a neutral marker 

suitable for population genetic analysis. Mismatch distribution 

analysis and sudden population expansion model (Rogers 

1995) were also performed to ensure the result of the 

neutrality test. The investigation was conducted for overall 

samples without separating the populations. The calculations 

were performed in Arlequin 3.5 (Excoffier and Lischer 
2015). Genetic diversity and genetic structure analysis of 

C. striata were conducted in five populations. Overall and 

within the population, genetic diversities were estimated 

using haplotype diversity h and nucleotide diversity π (Nei 

and Jin 1989), calculated in Arlequin 3.5 (Excoffier and 

Lischer 2015). Significant population differentiation was 

calculated using pairwise Fst values and molecular 

variance (AMOVA) analysis carried out in Arlequin 3.5 

(Excoffier and Lischer 2015). The significance of genetic 

structure was also estimated using a shared haplotype 

among populations observed in the haplotype network 
(Figure 2). The network was reconstructed using the 

median-joining method in NETWORK software (Bandelt 

et al. 1999).  

RESULTS AND DISCUSSION 

Taxonomic status 

The sequence identity test revealed that the C. 

striatasamples in this study exhibited a sequence similarity 

ranging from 98.67% to 100% with the top ten closest taxa 

in the GenBank. All of these taxa were identified as 

Channa striata (KU692421, KU852443, and MG438366), 

with coverages ranging from 99% to 100% and an expect 

value of 0.0.  

The samples exhibited low genetic distances to C. 
striata in GenBank, ranging from 0.000% to 1.019%. 

These observed genetic similarities and distances were 

found to be below the predetermined genetic threshold of 

97% similarity and 3% genetic distance, respectively. Thus, 

this study confirms that all samples belong to C. striata. 

Previous studies have established that a genetic similarity 

of 97% and genetic distance of 3% are acceptable thresholds 

for species determination in fish barcoding (Candek and 

Kuntner 2015; Karanovic 2015; Kusbiyanto et al. 2020; 

Nuryanto et al. 2022; Winarni et al. 2023). Furthermore, 

considering ecological factors and geographic distance 
among samples and available conspecific references, a 

genetic threshold of up to 5% is also considered acceptable 

for species differentiation (Candek and Kuntner 2015; 

Karanovic 2015).  

Historical demography 

Tajima's D value of the used COI marker was -2.053, 

with a significant value (p=0.000; Table 1). This significant 

result proved that the neutral hypothesis of marker evolution 

was rejected, thereby leading to selection pressure. However, 

the negative sign rejected the assumption of selection 

pressure and indicated a recent population bottleneck 
(Tajima 1989; Mohammed et al. 2021). The negative signs 

and significant Fu’s Fs (Fs= -3.808; 0.05>p>0.01) 

supported the neutral marker and population bottleneck 

assumption, as shown in Table 1. The neutrality of the 

marker was confirmed by the non-significant SSD and HRI 

values, suggesting stability in population demography, as 

indicated by the negative value of Fu's Fs (Roger 1995). 

These results (Fs, SSD, and HRI) indicate that the COI 

marker utilized in this study is neutral and suitable for 

population genetics analysis of C. striata in the southern 

region of Central Java. Furthermore, the present study 

observed marker neutrality across all studied populations 
(Table 1). Previous studies have also reported the neutrality 

of the COI gene in other investigations (Mohammed et al. 

2021; Setyaningrum et al. 2022a). 

Genetic diversity 

The current study analyzed genetic diversity based on 

564 bp fragments of the COI gene of 74 individuals of C. 

striata collected from six sampling sites. Overall haplotype 

diversity was 0.541±0.065, which indicates medium gene 

diversity. Nucleotide diversity was 0.0025±0.0017, which 

showed low diversity. The low genetic diversity level could 

be due to recent population expansion, as proven by non-
significant SSD and HRI values (Roger 1995). The 

phenomenon occurred after the bottleneck event, as it has 
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been confirmed by negative Tajimas' D and insignificant 

Fu’s Fs values, respectively, as presented in Table 1. 

Recent population expansion after a bottleneck event might 

result in low genetic diversity due to a small population 

leading to inbreeding depression and drift effect (Zanella et 

al. 2016; Doublet et al. 2019). However, referring Zanella 

et al. (2016) and Doublet et al. (2019) were not wholly 

congruent since those previous studies were in mammals, 

while this study was in fish (C. striata). Nevertheless, low 

genetic diversity in C. striata populations was also reported 
in Cincingguling River (Setyaningrum et al. 2022a). 

This study added information about the complex pattern 

(low, moderate, and high) of the genetic diversity level of 

the C. striata population in its geographic ranges. It has 

been reported in India and Malaysia that C. striata 

populations showed a complex pattern of genetic diversity 

(Baisvar et al. 2018). The phenomena were also reported to 

occur in various fish species. A high and low haplotype 

genetic diversity was common, such as in Anguilla bicolor 

(Nuryanto et al. 2022), Clarias gariepinus (Barasa et al. 

2014), Anguilla bicolor (Nuryanto et al. 2020) and C. 
striata in Cingcingguling River (Setyaningrum et al. 

2022a). The phenomena did not relate to the sample size. 

Nuryanto et al. (2020) and Setyaningrum et al. (2022a) 

observed moderate (h=0.849) and low (h=0.181) genetic 

diversities in their species even though the sample size 

were similar (55 and 53, respectively). The phenomena 

proved that ecological parameters and species had exhibited 

variable evolutionary fates of the populations. 

The within-population evaluation indicates that the 

haplotype diversity of the C. striata population in the river 

and swampy areas of the southern region of Central Java 
ranges from 0.151±0.093 in the Karangbolong population 

to 0.833±0.222 in the Sumpiuh population. The Karangbolong 

population had the lowest genetic diversity. The result was 

consistent with a previous report by Setyaningrum et al. 

(2022a) that showed low genetic diversity of C. striata 

populations along the Cingcingguling River, which was 

assumed due to overexploitation (Setyaningrum et al. 

2022b). The obtained values were comparable to the 

previously reported (Boonkusol and Tongbai 2016; Baisvar 

et al. 2018, 2019). However, the comparison to Baisvar et 

al. (2018) was not hundred percent congruent because the 

present study used the COI gene, while Baisvar et al. 

(2018) used mtDNA D-loop as a genetic marker. 

According to Righi et al. (2020) and Petit-Marty et al. 

(2022), fish species experience a decrease in genetic diversity 

due to high fishing pressure. The exploitation of C. striata 

has resulted in low genetic diversity, as evidenced by the 

bottleneck effect indicated by Tajima's D and Fu's Fs values 

presented in Table 1. This reduction in genetic diversity is 

attributed to a small population size, which creates 

opportunities for genetic drift to occur. Previous studies 

have also reported similar findings of low genetic diversity 
resulting from the overexploitation of various aquatic 

organisms in different regions (Barasa et al. 2014; Tan et 

al. 2015; Baisvar et al. 2019; Nuryanto et al. 2019). 

Table 1 presents the nucleotide diversity values ranging 

from 0.0006±0.0008 to 0.0037±0.0030, indicating that C. 

striata populations in the southern region of Central Java 

exhibit low nucleotide diversities. Nucleotide diversity 

below 0.01 is considered low diversity (Nuryanto et al. 2019). 

A study also reported this condition in the C. striata 

population in the Cingcingguling River Central Java 

(Setyaningrum et al. 2022a). 

Genetic structure 

Variance components (0.191) of the AMOVA result 

showed highly significant differences among populations 

(p=0.000). This result indicated that C. striata populations 

in the southern region of Central Java were genetically 

different among populations (Table 2).  

The difference among the population was supported by 

a high fixation index (FST=0.594) with p-values of 0.000. 

The data provide evidence that the fragmented and separated 

ecosystem in south-central Java has resulted in population 

structuring of C. striata. An interesting finding is that even 
fine-scale geographical distances have contributed to this 

population structuring. This phenomenon can be explained 

by the assumption that the studied populations are completely 

isolated, which is a common occurrence in freshwater 

ecosystems due to physical barriers, such as land masses. A 

previous study has reported significant genetic structure 

within a single river system, even in the absence of a 

physical barrier (Yan et al. 2017). Nevertheless, pairwise FST 

analysis proved that population differentiations were not 

observed among all populations (Table 3). 

  

 

 
Table 1.  Channa striata of the south region of Central Java, Indonesia population, number of individuals (N), number of haplotypes 
(nhp), haplotype diversity (h), nucleotide diversity (µ), Tajima’s D, Fu’s Fs, Sum of Squared deviation (SSD), and Harpending’s 
Raggedness index (HRI) 
 

Population N nhp 
Genetic diversity Neutrality test Mismatch distribution  

h π D Fs SSD HRI 

Overall 74 11 0.541±0.065 0.0025±0.0017 -2.053*** -3.808* 0.008ns 0.172ns 
Sempor Reservoir 27 4 0.214±0.103 0.0008±0.0008 -2.094*** -1.565*   
Karangbolong 26 3 0.151±0.093 0.0012±0.0011 -2.270*** -0.629ns   
Sumpiuh 4 3 0.833±0.222 0.0037±0.0030 -0.780ns -0.134ns   
Kedungreja 6 2 0.333±0.215 0.0006±0.0008 -0.933ns -0.003ns   
Jatijajar 6 2 0.533±0.172 0.0010±0.0010 0.851ns 0.625ns   

Keburuan 5 2 0.400±0.237 0.0021±0.0020 -1.048ns 1.688ns   

Note: p>0.05: ns, 0.05>p>0.01: significant, p<0.01: highly significant, ns: non-significant, *: significant, ***: highly significant 
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Moreover, freshwater population structure is also affected 

by the movement capability of the species among 

freshwater bodies (Comte and Olden 2018). C. striata can 

live out of the water for 20 h and able to do terrestrial 

movement (Kuznetsov 2022). Nevertheless, after 2-3 minutes 

of movements, C. striata rested more than moving times 

(Kuznetsov 2022). The limited dispersal capability of C. 

striata individuals, with the closest distance estimated at 23 

km in this study, supports the observation of significant 

genetic structure among populations in south-central Java. 
This is attributed to the complete separation of habitats by 

land masses (Figure 1), which prevents movement of C. 

striata individuals between populations due to long 

geographic distances.  

C. striata is popular Asian fish introduced to the United 

States of America (Courtenay and Williams 2004; Herborg 

et al. 2007). This Channa species is indigenous or native to 

Asia, including Indonesia (Coad et al. 2016; Ansyari et al. 

2020). No study reported the introduction effort of C. 

striata on Java Island because it is native to the island 

(Gustiano et al. 2021), even though the introduction of 
other Channa micropeltes has been reported in Sempor 

Reservoir (Setyaningrum et al. 2020). Therefore, the genetic 

structure pattern of C. striata in south-central Java is 

considered to be naturally driven and can be attributed to 

the formation of Java Island. The findings of this study 

align with previous research, indicating that physical barriers 

among populations contribute to genetic differences among 

separated populations (Barasa et al. 2014; Yan et al. 2017).  

Small-scale significant genetic structure was rarely 

observed in closed-distance populations when the analysis 

used the COI gene, except for animals with low and limited 
mobility, such as Aedes aegypti (Mohammed et al. 2021). 

However, fine-scale genetic structures were found in some 

species when the analyses were performed using 

microsatellites (Gouskov et al. 2016; Abbas et al. 2017; Yan 

et al. 2017) and D-Loop (Verma et al. 2016). In contrast, 

other studies proved that no genetic structure was observed, 

although it was analyzed using microsatellites (Basharat et 

al. 2016; Cheng et al. 2017). Therefore, it seems that the 

genetic structure of some fishes are complex phenomena, 

whatever genetic markers are used (Parmaksiz and Eksi 

2017; Achrem et al. 2017; Nuryanto et al. 2019; Parmaksiz 

2019). 
 

 

 
 
Figure 2.  Haplotype networks indicate three clusters of Channa 
striata populations in the southern region of Central Java, 
Indonesia. A. Black box; B: Green box; C: Blue box 

 

 

 
Table 2. Amova result showing genetic difference among Channa striata populations in the southern region of Central Java, Indonesia 
 

Source of variation 
Degree of 

difference d.f. 
Sum of Square Variance components Percentage of variation 

Among populations 5 10.864 0.191 Va*** 59.38 
Within population 68 8.879 0.113 Vb 40.62 
Total 73 19.743 0.321  

Fixation index (FST) : 0.594 P= 0.000±0.000  

Note: p>0.05: ns (non-significant), 0.05>p>0.01: significant*, p<0.01: highly significant***, d.f.: degree of freedom 

 

 

 
Table 3. Pairwise FST values among populations of Channa striata in the southern region of Central Java, Indonesia 
 

Population 
Sempor 

Reservoir 
Karangbolong Sumpiuh Kedungreja Jatijajar Kutoarjo 

Sempor Reservoir 0.000      
Karangbolong -0.015ns 0.000     
Sumpiuh 0.662*** 0.722*** 0.000    
Kedungreja 0.759*** 0.809*** 0.043 ns 0.000   
Jatijajar 0.709*** 0.761*** -0.153 ns 0.025 ns 0.000  

Kutoarjo 0.690*** 0.752*** 0.403* 0.636*** 0.528*** 0.000 

Note: p>0.05: ns (non-significant), 0.05>p>0.01: significant*, p<0.01: highly significant*** 

 

A 

B C 
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Furthermore, the present study observed 21 polymorphic 

sites out of 564 bp (3.54%), resulting in the identification 

of eleven haplotypes within the C. striata populations in the 

southern region of Central Java, Indonesia. The haplotypes 

were further classified into three distinct haplogroups, as 

depicted in Figure 2. Haplogroup A (black box) consisted 

of five haplotypes (53 individuals) collected from 

Cincingguling River and Sempor Reservoir, Kebumen 

District and one individual from Keburuan, Purworejo 

District. Haplogroup B comprised one haplotype (four 
individuals) from Keburuan, Purworejo District, as well as 

one individual from Keburuan, Kebumen District. 

Haplogroup C was formed by samples from Kedungreja, 

Cilacap District, Sumpiuh, Banyumas District, Sempor 

Reservoir and Jatijajar, Kebumen District. Notably, 

Haplotype 1 was found to be dominant and present in 

Sempor Reservoir and Cincingguling River, as indicated in 

Figure 2. This observation further supports the results of 

the AMOVA analysis, which revealed genetic homogeneity 

along the Cingcingciguling River, indicating that the 

presence of the reservoir did not lead to genetic 
fragmentation within the C. striata population 

(Setyaningrum et al. 2022a). 

Conservation 

The latest assessment put C. striata as the least concern 

species. The placement was based on the fact that there was 

no significant threat. However, no information about 

regional assessment was available in the assessment report 

(Chaudhry et al. 2019). Therefore, to strengthen the current 

conservation status of C. striata, it is necessary to do 

further studies of C. striata by extending the geographic 

coverage of study sites. Several studies reported that the 
local population of C. striata in Indonesia had been over-

exploited (Cia et al. 2018; Nurdawati et al. 2019). This 

possibility encourages Ahmadi and Mangkurat (2018) to 

declare that C. striata are threatened species in the 

Batanghari River. Recently, exploitation has also been 

reported in the C. striata population in Cingcingguling River, 

Kebumen District, Central Java, Indonesia Setyaningrum et 

al. (2022b), leading to low genetic diversity (Setyaningrum et 

al. 2022a). 

The natural population of snakeheads in Indonesia is 

also threatened by habitat loss and fragmentation. According 

to Pavlova et al. (2017), fragmentation has lowered genetic 
diversity and decreased population. In addition, fragmentation 

can prevent gene flow and cause significant genetic 

structure among populations (Gouskov et al. 2016). The 

current study observed that the genetic analysis of C. 

striata populations in the southern region of Central Java, 

Indonesia, revealed their division into three distinct genetic 

units. This finding highlights the importance of considering 

these populations as separate conservation units. The 

identified units are the Cincingguling population, the 

Keburuan population, and a group consisting of the 

Kedungreja, Sumpiuh, and Jatijajar populations. Populations 
that exhibit high genetic similarity hold significant 

conservation value as gene flow among them can help 

mitigate the negative effects of small population sizes. 

Therefore, it is recommended that genetically similar 

populations be managed as a single conservation unit to 

ensure their effective conservation and preservation (Vargas 

et al. 2016).  

The findings of this study demonstrate that the C. 

striata populations inhabiting the river and swampy areas 

in south-central Java, Indonesia, exhibit a distinct genetic 

structure, with three genetic units (A, B, and C) identified. 

The observed fragmentation of these populations has 

resulted in reduced genetic diversity within each 

subpopulation. Consequently, it is crucial to recognize and 
manage the C. striata populations in south-central Java as 

three separate genetic conservation units. 

The recognition of these genetic conservation units is of 

utmost importance for effective conservation and management 

strategies. By acknowledging the genetic distinctiveness of 

each subpopulation, conservation efforts can be tailored to 

address the specific needs and challenges faced by these 

populations. This approach will help ensure the preservation 

of the striped snakehead's genetic diversity, which is vital 

for the long-term viability and resilience of the species in 

the region. Furthermore, the identification of low genetic 
diversity within the genetic units highlights the urgency of 

conservation actions. Efforts should be focused on mitigating 

the factors that contribute to population fragmentation and 

promoting connectivity between genetic units where 

possible. Implementing measures to safeguard habitat 

connectivity, such as maintaining and restoring corridors 

between the river and swampy areas, can facilitate gene 

flow and promote genetic exchange among genetic units. 

Finally, the genetic structure observed in the C. 

striatapopulations in south-central Java, along with the low 

genetic diversity within each genetic unit, underscores the 
necessity of treating these populations as distinct genetic 

conservation units. By prioritizing the conservation and 

management of these units, we can enhance the long-term 

viability and resilience of C. striata in the region, ensuring 

its continued existence for future generations. 

In conclusion, C. striata populations in south-central 

Java showed fine-scale genetic structure and can be divided 

into three different genetic populations. This population 

structuring implies that the populations must be managed 

as three different conservation units. 
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