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Abstract

Environmental isolation can result in the evolution of distinct shape traits, which can eventually cause
evolutionary isolation and the formation of different populations. The.shape features of fish are influenced
by environmental factors such as the type of substrate/water flow, vegetation type, competition, predation,
pollution levels, and food availability. Therefore, ecological or environmental conditions play a major role
in creating morphological changes in fish. A recent study examined.the morphological differences caused by
geographical isolation and environmental factors to assess the status and level of population differentiation
of Mudskipper (B. dussumieri) based on quantifiable morphological traits in different climatic environments
along the Persian Gulf coast. A total of 35 adult Mudskippers (B. dussumieri) were caught randomly using a
scoop net. The fish were then stored in ice and. transported to the laboratory The results indicated that there
were almost two isolated clusters and that Mudskippers were present in the Goban and Delwar areas opposite
Khor Abi region. It seems that the extensive coastline, dense mangroves, variation in bed type in various
parts of the Persian Gulf, salinity differences in the east, center, and west regions, and human population
density in these areas havelargely hindered the mobility of individuals among diverse habitats.
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INTRODUCTION

As a semi-enclosed sea basin, the Persian Gulf has relatively unique characteristics. Its entrance is the narrow
Strait of Hormuz, and the circulation of water is limited to the Makran Sea (Gulf of Oman). This sea is very
shallow compared to other seas of similar size, with an average depth of only 35 meters and vast expanses
only a few meters.deep. Its maximum depth, a few kilometers from the Strait of Hormuz, is only 100 meters.
As a result of this physiography, the Persian Gulf experiences large seasonal fluctuations in surface water
temperature. The temperature in coastal surface waters varies from 10°C in winter to 35°C in summer and
reaches higher values in shallow lagoons and tidal flats. This recent study was conducted to investigate the
morphological differences caused by the above factors, to test the status and degree of population
differentiation of this species based on measurable morphological traits in different parts of the Persian Gulf.
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MATERIALS AND METHODS

In general, 35 samples of adult mudskipper fish (B. dussumieri)—15 samples from Goban, 13 samples from
Delvar, and 7 samples of khur-Abi—were caught randomly, mostly with scoop nets, in the muddy beds and
intertidal areas. The samples were stored in ice and transported to the laboratory. After identification and
isolation of the B. dussumieri species using the existing identification key and common and standard
methods, they were placed under morphometric examination. ANOVA tests were used to compare the
measured variables between three regions: Goban (A), Delvar (B), and Khur-Abi (C). Since there was no
prejudice towards the grouping of samples in this research, principal component analysis (PCA) was used to
distinguish between samples of different populations. The variables used in this test were seven variables
that had significant differences between the Mudskippers of the three study areas based on the ANOVA test.
Euclidean distance and the average linkage algorithm (UPGMA) were also used to measure the
morphological distance between the samples and to draw the morphological dendrogram of the Mudskippers
of regions A, B, and C, respectively.

RESULTS

The dendrogram obtained by the average linkage method for clustering and calculating the Euclidean
distance for seven significant traits between all the measured anemones showed.the creation of two separate
and distinct clusters, including the anemones of areas A and B versus area C (Figure 3). Basedon the results
of the CVA analysis, the Wilks' lambda test (p < 0.001) confirmed the fit of the data for the MANOVA test.
The results of the MANOVA test (p < 0.001), based on the paired comparison of the Hotelling test, showed
that there is a significant difference between the body shape of the-.populations of Khur-Abi and the other
two regions (Table 4).

DISCUSSION AND CONCLUSION

Environmental factors such as temperature and.salinity.in the west of the Persian Gulf differ from those in
the east of the Persian Gulf. These differences are mainly caused by the discharge of the main rivers (Helle,
Zohre, and Arvand) into the western part of the Persian Gulf. Polgar et al. (2017) investigated seven
populations of Waltoni's walrus (P. waltoni) from the Persian Gulf and the Gulf of Oman, and concluded
that differences in physicochemical parameters are the main potential factors for distinguishing the four
Persian Gulf populations from the two Gulf of Oman populations. The results of this research are consistent
with the present survey. These physicochemical factors likely also caused the separation between the western
and eastern populations of the Persian Gulf.
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Fig. 1- The location of the sampling areas of Mudskipper (B. dussumieri) on the Persian Gulf coast
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Table 1- Variables'measured in Mudskipper (B. dussumieri). In this study, 12 independent variables
were measured

Dis_tance Variable Name Abbreviat Disjcance Variable Name Abbreviation
size ion code size code
1-2 Total length TL 10-11 Caudal peduncle length CPL
3-4 Standard length SL 1-12 Anal Fin base length AFL
5-6 Head length HL 13-14 Pectoral fin base length PelFL
6-7 Length of the first dorsal fin DiL 1-15 Eye diameter ED
7-8 Length of second dorsal fin D2L 1-16 Jaw length JL
8-9 Caudal peduncle depth CPD ar Weight W

B. dussumieri < y55 J5 2l 13 80 (5550 531 (b puiio CunrBgo —Y S
Fig. 2- The position of the measured variables in Mudskipper (B. dussumieri)



Journal of Marine Science and Technology

In Press /DOI: 10.22113/jmst.2024.485495.2618

=Wy

@39 3 QU 09l 5 B ety S 5alS’ slagyge]] @l
ool ebs il odls plod (¢l o wib)ly luer g Jloy
s odd (6 pSo3lul pate VY 3l a8 ob ol 55 ANOVA
o (W 4 ED PelFL CPL .CPD HL .TL) ,ito i
Qash b gme Ggld adllas 3yge ddlain aw oS5 IS
F S 2 pre g hol loadlye &y a0 @ (Y Jgo)
P9> 9 Jol ojlod (slaygome &5 3l (i S (uslyjly > Loadlye
395 o Jolid |y adgl ol pusio il poi 5| o p3 YS/AYY 3T o]
o3l B plo (ol sloadlye 4 o Jl soee (Y Joi2)
eSilke Ll g, b oelassay 55,05 sl adiges (53L)
Cho chn gl oilll Aol dulre 5 ganadS lp
sbol sdimd ol o SpSojll L;Ltz’d”&df don o )bu*.*"
s A PP (a5 Jold jastia g lime abgs 9 Loy
CVA Ll golis bl 1 (¥ JS3) el C 4ol Jlie 5 B
0905 sl odls cuwls. (p<0.001) Wilks” lambda g0
» (p<0.001) Manova (yse3l zls 2,5 aub |,Manova
U e oS oy lis Hotelling yge;l (s duslie  wlal
S99 ()lsime Sglds )Sod ailats 93 5 al)sS slacumer o
(¥ dsiz) 2y

O > o b a1 o8 oIl gl 1 Bl glaieay
3 launs ©ygot b pite (oolod 0sd (6)glger Gloaiges
(Khataminejad et al., 2013) 5.5 sl >yt Jgbo
Jsb 4 ol 031l (50 (slyesito (650310l 51 g pokiato iy
092 Jloys (o Sl 025 el (65 S S 3 k]
—B59lsS 0geil J) iy A lapully laen o Laodls
duolio cn b odlatwl (Leavens test) o 5 Bgipawl
90jl 31 C g B A ddhaie dw ok (5 So0jlul (cla piie
Cms (69l i 4395 s 4SST e 3l .5 03lizl ANOVA
4 020 5 1 oubls a2y 30 (pl > Iadigel (sainog)S &
Slacure> (slb diged ( S S (PCA) ol (sloadle
S ite i (g3l el 5 b IS slagiatans odlitl cilise
aw bS53 05 5 ANOVA il bl 45 wiog,
ol dlols )zl o ee gl adllae 350 ddlaie
Average ) Ske Jlail o055l o (Euclidean distance)
or lbcoy, dblb geicwys a 5 (link; UPGMA
A Gble slacs)s J5 (3 Licsy ) pl5 5,03 ) 5 brdigel
ares (IS5 cals 580 550w «lp A5 edlawwl C 4 B
ol i o2l (CVA) G e IS5 @i Juboisay 3o
w5 pbglfe asews SPSS o)Ll li3le 5 b L UT

Cilides (SCunon (1 )3 0 (5 S 05100 Gl puie (5,15 A0 o 2 812 ANOVA (4905l gl -Y Jgua
Table 2- The results of ANOVA«test to check the significance of the measured variables among
different populations

Variables Sum of squares df Mean square F sig
Between group 1.065 2 0.533
W Within group 2.012 32 0.063 8.471 0.001*
Total 3.078 34
Between group 0.387 2 0.194
TL Within group 1.673 32 0'052 3.704 0.036
Total 2.060 34 )
Between group 0.326 2 0.163
HL Within group 1.239 32 0.039 4.210 0.024
Total 1.565 34
Between group 0.004 2 0.002
D1L Within group 1.589 32 0.050 0.039 0.961
Total 1.593 34
Between group 0.078 2 0.039
D2L Within group 2.207 32 0.069 0.565 0.574
Total 2.285 34 )
Between group 0.266 2
cPD Within group 1.156 32 1% 3.689 0.036
Total 1.422 34 )
Between group 0.910 2 0455
CPL Within group 1.517 32 0'047 9.599 0.001*
Total 2.427 34 )
Between group 0.37 2 019
AFL Within group 1.920 32 0 660 0.308 0.737
Total 1.957 34 )
Between group 0.184 2 0.092
PelFL Within group 1.475 32 0.046 2.001 0.048
Total 1.659 34 )
Between group 0.713 2 0356
ED Within group 1.156 32 0‘036 9.868 0.000*
Total 1.869 34 )
Between group 0.211 2 0105
JL Within group 1.784 32 0‘056 1.892 0.167
Total 1.995 34 )

* Significant differences occurred.
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Table 3- The eigenvalues of the components resulting from the principal components Analysis (PCA)

Variables PC1 PC2
Eigenvalue 3.544 1.840
Proportion of variance 50.635 26.286
Cumulative.proportion of 50.635 76.921
variance
TL 0.692 0.352
HL 0.775 0.129
CPD 0.531 0.655
CPL 0.679 0.618
PelFL 0.027 0.941
ED 0.952 0.013
w 0.903 0.065
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Fig. 3- Clustering of Mudskippers in the study areas based on seven significant variables along the
first and second axes of PCA
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Table 4- The p-values calculated based on Hotelling's test.to.check the degree of separation of the
investigated populations

Goban Delwar Khor Abi
Goban
Delwar 0.258
Khor Abi 0.009 0.034
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