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Aims: This research examined the genetic structure of the Mudskipper Boleophthalmus 
dussumieri across three key intertidal zones in the north of the Persian Gulf and Oman Sea, Iran.
Materials & Methods: Genetic analysis of the mitochondrial cytochrome b gene in 28 samples 
(25 contemporary and 3 archived) from four regions evaluated diversity and structure using 
haplotype and nucleotide diversity indices, AMOVA, ΦST, and haplotype networks.
Finding: A total of 21 haplotypes were identified from 28 individuals. Overall haplotype 
diversity was high (Hd = 0.942), and nucleotide diversity was moderate (π = 0.013). A 
hierarchical analysis of molecular variance (AMOVA) revealed significant genetic structuring 
among the three B. dussumieri populations surveyed. The analysis indicated that 27.87% of 
the total genetic variation was partitioned among populations, while the remaining 72.16% 
was found within populations. The overall fixation index (ΦST) was 0.72, a statistically 
significant value (p < 0.001), confirming high and definitive genetic differentiation across the 
sampling region. 
Conclusion: The results show a clear population-genetic pattern, marked by distinct 
differences between the Goban and Makran populations. In contrast, the Delvar and Khorabi 
populations form a single, genetically uniform cluster. These patterns align with a model of 
recent demographic expansion from a common ancestral source, followed by initial genetic 
divergence. This differentiation is influenced by current barriers to gene flow and the species’ 
limited dispersal ability.
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Introduction
The Persian Gulf, a semi-enclosed marginal 
sea known for its extreme environmental 
conditions and dynamic geological history, 
provides a unique model for studying the 
evolution of coastal organisms. Among 
its diverse fauna, mudskippers (Gobiidae: 
Oxudercinae) are highly specialized 
amphibious fishes that inhabit intertidal 
mudflats, estuaries, and mangrove habitats [1, 2]. 
These zones are both biologically productive 
and highly vulnerable to human impacts, 
making resident species like Boleophthalmus 
dussumieri (Valenciennes, 1837) important for 
ecological and genetic research. Found along 
the northern Iranian coast from Khuzestan 
to Hormozgan Provinces, B. dussumieri has 
adapted to a semi-terrestrial lifestyle and 
serves as a bioindicator of coastal pollutants, 
including polycyclic aromatic hydrocarbons 
(PAHs) and heavy metals [2, 4]. Despite its 
ecological significance, little is known about 
its population genetics and phylogeography 
in the Persian Gulf. Previous research on 
regional mudskippers mainly focused on other 
genera, providing useful comparisons. For 
example, studies on Periophthalmus waltoni 
revealed noticeable morphological differences 
[5] and morphometric variation [6] between 
populations in the Persian Gulf and the Gulf 
of Oman. Molecular phylogenetic analyses 
have clarified relationships among several 
mudskipper species in the region [7], and 
otolith shape analysis has helped differentiate 
species within the Persian Gulf [13]. 
Additionally, comparisons of mitochondrial 
genomes revealed the unique gene 
arrangement of B. dussumieri [8], while records 
from outside the Persian Gulf suggest multiple 
intraspecific lineages, indicating hidden 
genetic diversity [9]. The coastal waters of 
the northern Persian Gulf are complex, with 

varying salinity, temperature, and pollutant 
levels, all of which can influence genetic 
diversity through selective pressures [4, 10]. 
Furthermore, the region’s Pleistocene sea-
level changes, which caused periodic drying 
and recolonization of the Persian Gulf, are 
believed to have left a strong demographic 
footprint on its marine fauna [11, 12]. Therefore, 
genetic studies are essential not only for 
assessing population health and adaptive 
capacity but also for reconstructing historical 
biogeographic patterns. This study aims to 
fill the existing knowledge gap by conducting 
the first comprehensive population genetic 
analysis of B. dussumieri along the northern 
Persian Gulf. We sampled individuals across 
three key intertidal zones representing a 
broad latitudinal gradient: Goban (Khuzestan 
Province), Delvar (Bushehr Province), and 
Khorabi (Hormozgan Province). Using 
sequence data from the mitochondrial 
cytochrome b gene, we specifically aimed to: 
(1) measure genetic diversity and haplotype 
distribution within and among populations; 
(2) evaluate population genetic structure 
and current gene flow; and (3) infer the 
demographic history of these populations to 
distinguish between historical colonization 
events and recent fragmentation. By combining 
these findings with established biogeographic 
knowledge from studies on related species [4, 5, 

6, 13], this research will clarify the evolutionary 
forces shaping biodiversity in this ecologically 
important region and provide a genetic 
baseline for the conservation and management 
of B. dussumieri and its vulnerable intertidal 
habitat.

Materials & Methods
Study Samples
Sampling was conducted across three key 
intertidal zones along the northern Persian 
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Gulf, specifically targeting the Iranian coast. 
These included the Goban area in Khuzestan 
Province (48°37′54″E, 30°16′12″N), the 
Delvar area in Bushehr Province (51°1′32″E, 
28°47′1″N), and the Khorabi area in Hormozgan 
Province (56°23′39″E, 27°11′1″N) (Figure 1). 
Specimens were collected from September to 
November 2017, covering roughly 830 km of 
coastline [34]. From muddy intertidal habitats 
at the three sampling sites, a total of 29 B. 
dussumieri individuals were gathered using a 
randomized protocol. Fish were mainly caught 
by hand and occasionally with fine mesh cast 
nets. Due to logistical challenges in these 
terrains, specimens were collected along with 
sediment and immediately placed on ice before 
transportation to the Marine Environment 
Laboratory at Khorramshahr University of 
Marine Science and Technology. Upon arrival, 
species identification was verified using the 
dichotomous key provided by Murdy [14]. 
About 2 grams of dorsal fin muscle tissue were 
dissected from each individual, preserved in 
96% Ethanol, and stored at −20 °C until DNA 
extraction [15].

Figure 1) Map of the study area and geographic 
location of sampling points (i.e., Goban in Khuzestan 
Province, Delvar in Bushehr Province, and Khorabi in 
Hormozgan Province) in the Persian Gulf.

DNA Extraction, Amplification, and 
Sequencing
Genomic DNA was isolated from dorsal fin 
tissues using a modified ammonium acetate 
precipitation method. Briefly, samples were 
homogenized in STE buffer containing 
100 mM NaCl, 10 mM Tris-HCl (pH 8.0), 
1 mM EDTA, and 20% SDS, followed by 
protein digestion with Proteinase K. DNA 
was then precipitated with cold absolute 
ethanol, washed with 70% ethanol, air-
dried, and resuspended in TE buffer. DNA 
quality and quantity were assessed by 
spectrophotometry using an Eppendorf 
BioPhotometer D30 and confirmed through 
1% agarose gel electrophoresis stained with 
Safe Stain. The mitochondrial cytochrome b 
gene was selected for phylogenetic analysis. 
Primers were designed based on published 
sequences of related Boleophthalmus species 
[16] and synthesized by Sinaclon Co. PCR 
reactions were carried out in 25 µL volumes 
containing 1x Ampliqon Taq DNA Polymerase 
Master Mix RED, 10 µM of each primer, 3–5 
ng.µL DNA template, and nuclease-free water. 
The thermal cycling protocol included an initial 
denaturation at 95 °C for 4 minutes; 35 cycles of 
denaturation at 94 °C for 30 seconds, annealing 
at 55 °C for 60 seconds, and extension at 72 °C 
for 90 seconds; followed by a final extension at 
72 °C for 10 minutes. Amplification products 
were verified through electrophoresis on 1% 
agarose gel stained with Safe Stain, visualized 
under UV light, and compared to a 100 bp DNA 
ladder. Successful PCR products were purified 
and sent to Royan Zistagen Company for 
bidirectional Sanger sequencing using an ABI 
3730xl DNA Analyzer.
Alignment and Sequence Analysis
Raw sequences were edited and aligned 
using SeqScape v2.6 (Applied Biosystems) 
and MEGA 12 [17], employing the ClustalW 
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algorithm. Haplotype diversity, nucleotide 
diversity, and polymorphic sites were 
calculated with DnaSP 6 [18]. Median-joining 
haplotype networks were built in Network 
5.0 [19]. Population genetic structure was 
evaluated through pairwise ΦST, Nei’s 
genetic distance, AMOVA, and isolation-by-

distance analyses using Arlequin 3.5.2.2 [20] 
and GenAlEx 6.5 [21]. The accession numbers 
25 of the nucleotide sequences deposited in 
GenBank include PZ020718-PZ020742.

Findings
A total of 25 individuals were sequenced 

Table 1) Number of individuals and relative frequency for each haplotype in B. dussumieri populations.

Haplotype Variable site Goban Delvar Khorabi Makran Total

Hap1 AAGGTCTTATCCTCCCTAACACTCTACACTGTCTTCGCTCCTCCGTCTGT
ATCAGCTCCCTGTCCCTCGTTTCCTTCGATGCGGTATCGGAACGA 1 1

Hap2 ......C...............................................A........................................ 1 3 3 7

Hap3 .............................................C....GG..A......A................................. 1 1

Hap4 .............................................C....GG........................................... 1 1

Hap5 G..AA........................................C....G...A........................................ 1 1

Hap6 ......................................................A........................................ 2 2

Hap7 .....TC...............................................A........................................ 1 1

Hap8 .....T................................................A........................................ 1 1

Hap9 ..................................................G...A........................................ 1 1

Hap10 .G....................................................A......A................................. 1 1

Hap11 GT...TCA.......A......................................A........................................ 1 1

Hap12 ......................................................A.....................................T.. 1 1

Hap13 .G....................................................A......A..T........A........ATG..TC...T.C 1 1

Hap14 ......C..C..........................A.................A........................................ 1 1

Hap15 .......................................T..............A...................................C.... 1 1

Hap16 ..A....................................T..............A..........A....AA........T.T.....C...T.C 1 1

Hap17 ......................................................AT........TA....AA.A.........TG...C.T.ATC 1 1

Hap18 ......C..C......................................A............................TGG.......T.....A. 1 1

Hap19 ......C............ACTCTCTACTCACT.CATAC.TCAAA.TCAC..
ATA.CTAAGCCT..AACC..T.CCA..A.T.T.TCG.A.G.AG 1 1

Hap20 ..................T..TCTCTACTCACT.CATAC.TCAAA.TCAC..
ATA.CTAAGCCT..AACC..T.CCA..A.T.T.TCG.A.G.AG 1 1

Hap18 ......C.T.ATCTT.CT.ACTCTCTACTCA.TACATAC.TCAAA.TCAC..
ATA.CTAAGCCT..AACC..T.CCA..A.T.T.TCG.A.G.AG 1 1

Total 8 10 7 3 28
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for 488 bp of the mitochondrial cytochrome 
b gene from three populations. Among the 
28 sampled, 21 haplotypes were identified. 
Haplotype 2 showed the highest frequency 
at 28%. Haplotype 6, the second most 
frequent, was also found in two individuals 
from the Delvar region. The distribution 
of haplotypes was highly structured, with 
most being unique to a single population. 
Specifically, Haplotypes 1, 2, 4, and 5 were 
exclusive to Khorabi; Haplotypes 6-11 were 
unique to Delvar; Haplotypes 12-18 were 
found only in Goban, and Haplotypes 19-
21 were exclusive to Goban. In contrast, 
Haplotype 2 was the only shared haplotype, 
present in all three regions (Table 1). The 
results indicate high overall haplotype 
diversity. The highest genetic diversity 
was observed in the Goban and Makran 
regions (Hd = 1.00), slightly exceeding the 

diversity in the Delvar region (Hd = 0.911). 
The Khorabi region had the lowest diversity 
(Table 2). Nucleotide diversity across 
all populations was moderate (Table 2). 
Neutrality tests, such as Tajima’s D and Fu’s 
Fs, provide insights into population history; 
negative, significant values mainly suggest 
recent population expansion or purifying 
selection rather than a neutral equilibrium 
(Table 3). 
A hierarchical analysis of molecular variance 
(AMOVA) revealed significant genetic 
structuring among the three B. dussumieri 
populations surveyed (Table 4). The analysis 
indicated that 27. 87% of the total genetic 
variation was partitioned among populations, 
while the remaining 72.16% was found within 
populations. The overall fixation index (ΦST) 
was 0.72, a statistically significant value (p < 
0.001), confirming high and definitive genetic 

Table 2) Sample size, Haplotype diversity (h), nucleotide diversity (π), number of haplotypes, and polymorphic 
sites value for the populations of B. dussumieri in the north of the Persian Gulf. 

Population Number of 
Samples

No.  
Haplotype

No. 
Polymorphic Site

Haplotype 
Diversity

Nucleotide 
Diversity

Goban (A)
(Khuzestan) 8 8 28 1.00 0.021

Delvar (B)
(Bushehr) 10 7 8 0.911 0.004

Khorabi(C)
(Hormozgan) 7 5 9 0.857 0.007

Makran
(Sistan-Baluchestan) 3 3 14 1.00 0.019

Total 28 21 95 0.942 0.013

Table 3) Fu’s Fs and Tajima’s D values for B. dussumieri populations in the northern Persian Gulf. 

Population Tajima’s D (p-value) Fu’s Fs (p-value)

Goban (A)
(Khuzestan) -0.70 (p>0.1) -2.03 (p>0.1)

Delvar (B)
(Bushehr) -1.07 (p>0.1) -2.69 (p=0.05)

Khorabi(C)
(Hormozgan) 0.19 (p>0.1) -0.23 (p>0.1)

Makran (D)
(Sistan-Baluchestan) - 1.06 (p>0.1)

Total -1.45 (p>0.05) -2.72 (p<0.01)
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differentiation across the sampling region. 
Pairwise population comparisons provided 
further resolution of this genetic structure 
(Table 5). At our sampling sites, the pairwise 
ΦST values ranged from 0.08 to 0.94. 
Specifically, the Goban population exhibited 
significant genetic differentiation from 
both the Delvar (ΦST = 0.125, p < 0.01) and 
Khorabi (ΦST = 0.109, p < 0.05) populations. 
In contrast, the comparison between Delvar 
and Khorabi showed no significant genetic 
differentiation (ΦST = 0.087, p > 0.05). This 
pattern was corroborated by Nei’s genetic 
distance (Nei’s GD), which was greatest 
between Goban and Khorabi (0.018) and 
between Goban and Delvar (0.16). However, 
it was substantially lower and non-significant 
between Delvar and Khorabi (0.007). An 
analysis of genetic variation and genetic 
distance between the sampled regions and the 
Makran population archived in the genebank 
revealed that the divergence between 
Makran and each of the three studied regions 

was substantially greater than that observed 
among the sampled regions themselves. 
Notably, the genetic differentiation of the 
Makran population in the Oman Sea was 
significantly higher and more robust than 
that of all three Persian Gulf populations. 
Estimates of gene flow (Nm) derived from 
pairwise ΦST values among sampling areas 
were all greater than 1, suggesting that 
migration partially counteracts the effects 
of genetic drift. The highest level of gene 
flow was observed between the Delvar and 
Khorabi populations (Nm = 5.1. 1), consistent 
with their lack of significant genetic 
differentiation. Nevertheless, relative to the 
Makran population, the extent of gene flow 
was considerably reduced. 
The Median-Joining network analysis of 
haplotypes from different populations of B. 
dussumeri (Figure 2) reveals a characteristic 
genetic structure. The haplotypes from the 
Khorabi (blue), Goban (green), and Delvar 
(red) sampling areas do not show complete 

Table 4) Results of hierarchical analysis of molecular variance among 3 populations of B. dussumieri. All 
individuals were divided into three groups based on the sample sites in the region; P-values were calculated 
using a random permutation test (10,000 permutations).

Study Factor Percentage of Variance Fixation Indices P-value

Among Different Populations 27.87 ΦST=0.72 p<0.001

Within Populations 72.16

Table 5) Pairwise ΦST values are shown below the diagonal and Nm above the diagonal in section A, and Nei’s 
genetic distance (Nei’s GD) below the diagonal in section B among B. dussumieri populations based on the 
cytochrome b gene. 

A B
ΦST/Nm Khorabi Delvar Goban Makran Nei’s GD Khorabi Delvar Goban Makran

Khorabi - 5.1 4.0 0.04 Khorabi -

Delvar 0.08NS - 3.5 0.03 Delvar 0.007 -

Goban 0.1* 0.12** - 0.09 Goban 0.018 0.016 -

Makran 0.92 * 0.94** 0.84* - Makran 0.197 0.192 0.02 -
Note: * Significant at the 0.5 level; ** Significant at the 0.01 level; ns: not significant.
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genetic differentiation. However, the Makran 
population (the Oman Sea) exhibits complete 
genetic separation from all Persian Gulf 
samples. The size of the haplotype circles, 
which reflects their frequency, and the limited 
number of mutations between key haplotypes, 
as shown by the connecting lines, support 
this structural pattern. The overall network 
topology is star-like, featuring one or several 
central, high-frequency haplotypes separated 
by a small number of mutations from rare, 
peripheral haplotypes. This pattern typically 
indicates a recent population expansion 
where the studied populations originated 
from a common ancestral group. The sharing 
of central haplotypes between populations 
and the small mutational distances among 
them may suggest either gene flow until recent 
times or brief periods of minimal isolation. 
Overall, the results suggest that the three 
populations are not fully genetically distinct 
and share an interconnected evolutionary 
history. In contrast, the Makran population 
shows greater genetic differentiation than 
the three studied populations.

Figure 2) The Median Joining network analysis of 
all haplotypes of B.dussumeri. blue: Khorabi; red: 
Delvar, Green: Goban, and Pink: Makran area. Circles 
represent haplotypes and are sized proportionally to 
their frequency. 

Discussion
We reconstruct the complex evolutionary 
history of the mudskipper Boleophthalmus 
dussumieri in the northern Persian Gulf and 
the Oman Sea, showing how a combination 
of ancient demographic shifts and modern 
ecological forces shapes its current genetic 
landscape. Mitochondrial DNA analyses 
reveal significant genetic diversity within 
populations in the Persian Gulf and the 
Oman Sea, identifying 21 distinct haplotypes 
among 28 individuals. This high haplotype 
diversity (Hd = 0.94), especially in the Goban 
and Makran regions (Hd = 1.00), surpasses 
values reported in many other marine 
fish species and suggests a large historical 
effective population size and rapid population 
growth. The distribution of these haplotypes 
displays clear geographic patterns, with 
most being unique to specific populations. 
Haplotypes 1, 2, 4, and 5 are exclusive to 
Khorabi; Haplotypes 6-11 are unique to 
Delvar; Haplotypes 12-18 occur only in 
Goban; and haplotypes 19-21 are found in 
Makran. This high level of population-specific 
haplotypes contrasts with the pattern seen 
in many marine species with high dispersal 
potential and indicates restricted current 
gene flow. The star-like shape of the Median-
Joining network, centered around the high-
frequency Haplotype 2 shared across three 
Persian Gulf populations, shows a typical 
sign of recent population expansion from a 
small effective size, as described by Slatkin 
and Hudson [22] and further explained by 
Excoffier [23]. This pattern is especially clear in 
the network, where multiple rare haplotypes 
connect to the central haplotype by one or a 
few mutational steps. The genetic evidence 
for expansion is also supported by the 
combination of high haplotype diversity and 
moderate nucleotide diversity (π = 0.012), a 



Population Structure of the Mudskipper ...

ECOPERSIA                                                    	                                                          Winter 2026, Volume 14, Issue 2

140

pattern identified by Grant and Bowen [24] as 
indicative of rapid demographic expansion, 
where new mutations appear as singletons 
before genetic drift can significantly change 
their frequencies. This pattern is consistent 
with studies on P. waltoni and Scartelaos 
tenuis, which show that populations in 
more connected coastal habitats have lower 
genetic differentiation [4, 13]. 
The consistently negative Fu’s Fs values 
across all populations, though not 
statistically significant at traditional 
levels, support the idea of population 
expansion, indicating an excess of rare 
alleles compared to expectations under 
neutral equilibrium conditions [25,26]. This 
suggests that the populations may have 
recently grown in size or experienced 
selective pressures that removed harmful 
alleles. These metrics together point to 
a dynamic evolutionary environment in 
which genetic diversity is maintained, and 
both selective and demographic processes 
influence the populations’ genetic structure, 
helping ensure their long-term survival and 
adaptation in the changing environments 
of the Persian Gulf and the Oman Sea. The 
analysis of molecular variance highlights a 
key feature of marine species with limited 
dispersal ability: most genetic variation 
(72.16%) is found within populations, 
while a significant portion (27.87%) 
is among populations (ΦST = 0.72, p < 
0.001). This pattern aligns with the species’ 
reproductive biology; as Bohonak [27] and 
others, such as Selkoe et al. [28], have noted, 
species with demersal eggs and limited 
larval dispersal often exhibit this genetic 
pattern, in which even moderate geographic 
distances can create barriers to gene flow. 
Pairwise population comparisons reveal an 
asymmetrical genetic landscape that reflects 

the complex hydrography of the northern 
Persian Gulf. The genetic patterns observed 
in Persian Gulf populations are similar 
to those reported from other parts of the 
species’ range. Muhala et al. [9] reported the 
first record of B. dussumieri in Mozambique. 
They identified at least two distinct lineages 
within the species, while Ramanadevi and 
Venkataraman [29] found significant genetic 
variation in Indian populations using 
RAPD markers. These consistent patterns 
across regions and marker systems suggest 
that the evolutionary forces shaping B. 
dussumieri’s genetic structure in the Persian 
Gulf are likely active throughout its entire 
range. Additionally, we recognized that the 
extensive availability of COI sequences for B. 
dussumieri in NCBI offers a useful resource 
for comparison. We emphasized that future 
research combining COI with Cytb data would 
improve phylogeographic understanding 
and enable broader comparisons across the 
species’ distribution.

Conclusion
This study presents the inaugural detailed 
assessment of the population genetic 
structure of Boleophthalmus dussumieri 
across three northern Persian Gulf localities. 
Although constrained by the analysis of a 
partial cytochrome b fragment (~488 bp) and 
a modest sample size, the results demonstrate a 
significant genetic differentiation of the Goban 
population relative to the more homogeneous 
genetic cluster formed by Delvar and Khorabi. 
In a broader comparative context, the Makran 
population was found to be entirely distinct. 
Elevated haplotype diversity, coupled with 
a star-like haplotype network topology, 
suggests a recent demographic expansion 
from a common ancestral source, followed 
by incipient divergence likely driven by 
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localized ecological conditions. While these 
findings align with broader regional studies 
on mudskippers, they underscore that 
genetic structuring within the Persian Gulf 
and Oman Sea is subtle and predominantly 
localized. Future investigations employing 
complete mitochondrial genomes or 
genome-wide markers, integrated with 
expanded geographic sampling, will be 
crucial to validate these patterns and to 
elucidate the relative contributions of 
historical versus contemporary processes 
in shaping the genetic architecture of B. 
dussumieri. Collectively, the evidence 
indicates that northern Persian Gulf and 
Oman Sea populations of B. dussumieri are in 
the early stages of genetic divergence, with the 
Makran population constituting a distinct 
genetic unit. Notably, in contrast to the 
clear phylogeographic breaks documented 
between the Persian Gulf and Gulf of Oman 
in Periophthalmus waltoni, the present study 
reveals only subtle differentiation within the 
Persian Gulf proper.
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