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ABSTRACT

Identifying the genetic structure of the country’'s marine stocks is an effective method for efficient fisheries
management. One of the valuable shrimp species in the Persian Gulf is the banana shrimp (Fenneropenaeus
merguiensis), which accounts for approximately 60% of the total annual shrimp catch in Hormozgan
province. This study examined the genetic diversity of this species in four fishing grounds: Grok, Kolahi,
Bandar Abbas power plant, and Tula. It also evaluated the population of 1-gram shrimp released in the
Khoriat area, using microsatellite markers and 10 primers. Results from the genetic distance matrix (Fst)
indicated the highest and lowest genetic distances between the Grok-Tula and Bandar Abbas-Kolahi fishing
grounds, with values of 0.065 and 0.01, respectively (p<0.05).

Additionally, the analysis of gene flow among the studied populations and fishing grounds showed the lowest
and highest values between the Kolahi-Power Plant and Grok-Tula populations, at 7.815 and 3.37,
respectively. The expected and observed heterozygosity values fell within a non-significant range, with
means of 0.679 + 0.008 and 0.482 + 0.02, respectively. The highest and lowest allele frequencies in the
studied populations were recorded in the Grok fishing ground (4.8 £ 0.2) and the Tula fishing ground (3.8 +
0.133). The lowest and highest numbers of specific alleles were found in the Tula population and the released
shrimp population, with counts of zero (0) and 3 £ 0.213 alleles for the Bandar Abbas power plant population,
respectively. The genetic assignment test revealed the highest divergence between the released shrimp
population and Tula fishing ground (13.063 + 2.897), and the lowest divergence between Kolahi and the
power plant (8.255 + 2.119). Based on these results, it can be concluded that the reconstruction of F.
merguiensisshrimp stocks does not negatively affect genetic diversity in these fishing grounds. Furthermore,
the distance from mangrove habitats and the impact of regional hydrodynamic currents on the dispersal of
pelagic larvae in the eastern and western regions of Hormozgan province play a decisive role in genetic
distance and gene flow among shrimp populations. Therefore, it is essential to consider these factors when
implementing stock enhancement projects for this species.
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1. INTRODUCTION

Banana shrimp, with the scientific name *Fenneropenaeus merguiensis*, belongs to the Penaeidae family
and is the most abundant shrimp species in Hormozgan province. Its distribution aligns closely with that of
mangrove habitats. The main purpose of genetic resource identification (GSI) in aquatic animals is to
investigate distribution patterns and genetic diversity within and between populations. The most appropriate
tools for this purpose are genetic markers. The development of molecular markers, especially microsatellites,
has significantly advanced statistical algorithms and enhanced the capacity to analyze and evaluate the
genetic roots of diversity across different populations. Examining the genome of banana shrimp released in
the Khoriat region of Hormozgan province can facilitate the identification and evaluation of population
dynamics, aiding future fisheries and marine ecosystem management in the area.

2. MATERIALS AND METHODS

A total of 30 juvenile *Fenneropenaeus merguiensis* shrimp, with an average weight of 1 gram, were
prepared for release in Khortiab after a nursery period in the earthen pools of the Shahid Kalahi Center
(Minab, Hormozgan). One year post-release, sampling was conducted from four major fishing grounds in
Hormozgan province, ranging from the eastern to the western waters. After the cruise, all samples were
transferred to the refrigerator at the Bushehr Shrimp Research Institute. The genetic material was extracted
using the CTAB method and employed for PCR, utilizing 10 primers to evaluate genetic diversity. Population
comparisons were conducted with GenAlex software, and an evolutionary tree was constructed using the
UPGMA method in TFPGA version 1.3 software. Gene flow, allelic frequency, and genetic diversity were
also assessed.

3. RESULTS

The genetic distance matrix (Fst) revealed the highest and lowest genetic distances between Grok-Tola and
Bandar Abbas-Kolahi fishing grounds, respectively, at rates of 0.065 and 0.01 (p<0.05). Additionally, gene
flow among the populations and fishing grounds showed the lowest and highest values between the Kolahi-
Nirgah and Grok-Tola populations, respectively, at rates of 7.815 and 3.37. The expected and observed
heterozygosity values were within a non-significant range. The highest and lowest allele frequencies in the
investigated populations were observed in the Grok fishery (4.8 £ 0.2) and the lowest in the Tula fishery and
the released shrimp population (0), with the fishing population of the Bandar Abbas power plant recording
3 alleles £ 0.213. The genetic assignment test indicated the highest divergence between the released shrimp
population and the Tula fishery (13.063 + 2.897) and the lowest between Kolahi and Nirogah fishery (8.255
+2.119).

4. DISCUSSION AND CONCLUSION

Based on these findings, it can be concluded that the reconstruction of *Fenneropenaeus merguiensis*
shrimp stock has no negative effect on genetic diversity within the populations of these fishing grounds.
Moreover, the distance from mangrove habitats and the influence of regional hydrodynamic currents play a
crucial role in the genetic distance and gene flow between shrimp populations in Hormozgan province.
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Fig. 1- Major fishing grounds of the shrimp species Fenneropenaeus merguiensisin Hormozgan
Province based on Catch Per Unit Effort (CPUE) (Momeni et al., 2015)
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Fig. 2—- Path of the trawler and the fishing areas during the sampling phase
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Table 1- Sequence of microsatellite primers used in the present study

Row Primer Number Nucleotide Sequence

1 EM4 F-CGGTAGACCCATTTTACCGA
R-ATCTAGAAAACCGTTGCCGA
F-TACACACGCACACACGCTAA

2 FMS R-GCGATAATGAGGCTGGTCAT

3 EM7 F-TTCGACAGATAGACAGAGCCAA

R-CTCTCTCTCGCGCTTTTTGT
F-CAGAATGGGAAAAGAGAAAAGC

4 FM9 R-ATGACTCAGGAGGAAGTGCG

. FM1L F-GGTTCGCTTTTCAGGGCTAT
R-ATAGCATTATCGGGATGCGA
F-AAGCTCGGATCGACGTTTTT

® FM16 R-TGTCTATCCCCTTGTCGTCC

. FM17 F-ATTCGCTCGGTATTGCATTC
R-CCTTCCGTGTAGCTCCTGAC

F-TTCATCTTCCCCTTTGTTGC

8 FMi8 R-CCCTCCTTCCCTCATTCATT

9 EM20 F-CGAAGGAAAAGGCTGAAAAA
R-ATTGATCAAGTATGCGCACG

10 EM23 F-CGGCAGAGAGTACATCAGGT

R-AAAAACATTTTCCCGCCAAT
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Table 2- Analysis of Microsatellite Loci in Fenneropenaeus merguiensis. Number of Alleles (Na),
Effective Alleles (Ne), Observed Heterozygosity (Ho), and Expected Heterozygosity (He) for Each
Genetic Locus.

Population Locus Na Ne Shannon Index Ho He
Locusl 5 2.566 1.162 0.458 0.61

Locus2 5 4.011 1.471 0.526 0.751

Locus3 6 2.916 1.325 0.545 0.657

Locus4 4 3.373 1.269 0.409 0.704

Released Locusb 4 3.681 1.346 0.292 0.728
Locus6 4 3.31 1.268 0.417 0.698

Locus7 4 3.888 1.371 0.727 0.743

Locus8 4 3.558 1.326 0.538 0.719

Locus9 5 3.66 1.384 0.619 0.727

Locus10 5 3.942 1.445 0.462 0.746

Locusl 5 3.025 1.267 0.424  0.669

Locus?2 5 3.523 1.405 0.583 0.716

Locus3 6 2.91 1.306 0.448 0.656

Locus4 4 3.556 1.315 0.429 0.719

Locus5 4 2.105 0.982 0.25 0.525

Grok Locus 5 3.153 1319 0421  0.683
Locus7 5 2.975 1.272 0.393 0.664

Locus8 4 3.503 1.316 0.529 0.715

Locus9 5 3.956 1.427 0.633 0.747

Locus10 5 3.674 1.412 0.462 0.728

Locusl 5 3.247 1.348 0.412 0.692

Locus?2 6 4.261 1.557 0.643 0.765

Locus3 4 2.562 1.089 0.286 0.61

Locus4 4 3.143 1.25 0.727 0.682

Kolahi Locus5 4 2.939 1.222 0.615 0.66
Locus6 4 3.723 1.345 0.273 0.731

Locus7 4 2.82 1.207 0.647 0.645

Locus8 4 3.659 1.336 0.733 0.727

Locus9 4 2.467 1.102 0.769 0.595
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Locus10 4 3.664 1.341 0.429 0.727

Locusl 5 2.504 1.085 0.423 0.601

Locus2 5 2.735 1.262 0.526 0.634

Locus3 4 3.326 1.262 0.5 0.699

Locus4 6 3.39 1.46 0.35 0.705

Power Locus5 4 3.327 1.27 0.579 0.699
Plant Locus6 4 2.714 1.109 0.286 0.632
Locus7 5 3.354 1.343 0.667 0.702

Locus8 5 3.542 1.407 0.429 0.718

Locus9 4 3.137 1.25 0.45 0.681

Locus10 5 3.769 1.412 0.667 0.735

Locusl 4 2.268 1.059 0.333 0.559

Locus2 4 2.704 1.23 0.231 0.63

Locus3 4 3.236 1.258 0.333 0.691

Locus4 4 2.373 1.06 0.364  0.579

Tula Locusb 3 2.153 0.901 0.462 0.536
Locus6 3 2.951 1.09 0.273 0.661

Locus7 4 2.925 1.161 0.571 0.658

Locus8 4 3.634 1.34 0.615 0.725

Locus9 4 3.5632 1.312 0.5 0.717

Locus10 4 2.689 1.23 0.455 0.628

3522590 S8,k Curea 53 sadosnlide g U1 3590 (g 595 (ke dmmlio Y Jgaa
Table 3- Comparison of Mean Expected and Observed Heterozygosity in the Four Studied

Populations
Population Observed Heterozygosity ~ Expected Heterozygosity P <0.05
Released Shrimp 0.499 + 0.038 0.708 +0.014 ns
Grok Fishing Ground 0.457 £ 0.034 0.682 + 0.020 ns
Kolahi Fishing Ground 0.553 +0.059 0.683 +0.018 ns
Bandar Abbas Power Plant 0.488 £ 0.040 0.681 £ 0.014 ns
Tula 0.414 +0.040 0.638 + 0.021 ns

ns = not significant
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Table 4- Specific Alleles Observed in Different Shrimp Catching Sites in Hormozgan

Frequency Allele Locus Population
0.026 5 6 2
0.036 6 2 3
0.025 5 4 4

0.15 6 4 4
0.048 5 8 4

obw! > Fenneropenaeus merguiensis 95w el 3,90 Corod g2 33 S puilg— 53, JolaF oy -0 Jgio
OB 5052
Table 5- Examination of Hardy-Weinberg Equilibrium in Five Populations of Fenneropenaeus
merguiensis Studied in Hormozgan Province

Population Locus Degrees of Freedom  Chi-Square  Probability Range  Significance

Locusl 10 30.74 0.001 faie

Locus2 10 17.698 0.06 ns
Locus3 15 56.373 0 faie

Locus4 6 22.451 0.001 **
Released Shrimp Locus5 6 31.745 0 Fx
Locus6 6 45.23 0 Fkx

Locus7 6 16.335 0.012 *

Locus8 6 12.188 0.058 ns

Locus9 10 24.128 0.007 *x

Locus10 10 26.368 0.003 **

Locusl 10 22.032 0.015 *

Locus2 10 11.185 0.343 ns
Locus3 15 75.667 0 Fkx

Locus4 6 21.752 0.001 *x
Grok Locus5 6 27.685 0 Fkx

Locus6 10 18.414 0.048 *

Locus7 10 23.666 0.009 **

Locus8 6 16.443 0.012 *

Locus9 10 14.385 0.156 ns

Locus10 10 19.315 0.036 *

Locusl 10 15.227 0.124 ns
Locus2 15 41.792 0 *hx

Locus3 6 18.06 0.006 **

Locus4 6 5.28 0.508 ns

Kolahi Locus5 6 18.701 0.005 **

Locus6 6 14.105 0.028 *

Locus7 6 10.851 0.093 ns

Locus8 6 3.744 0.711 ns

Locus9 6 6.991 0.322 ns

AN

\fev Ql.o.w.o) ‘p)lg;g e)Lo.& (PG § Camrd 0990 d‘u)d”l(}’y

293 oole (g 4ol Juad



Oy g 391 plg8 5052 s olamo 43 8,lanlo 5, (b il 3 a5liw! L (Fenneropenaeus Merguiensis) 5390 (Sosuwe Curor (JoJg0 oty gt

Locus10 6 13.475 0.036 *
Locusl 10 16.877 0.077 ns
Locus?2 10 29.166 0.001 foled
Locus3 6 13.579 0.035 *
Locus4 15 33.267 0.004 foled
Bandar Abbas Locus5 6 15.158 0.019 *
Power Plant Locus6 6 16.929 0.01 foled
Locus7 10 19.035 0.04 *
Locus8 10 32.929 0 falele
Locus9 6 13.593 0.035 *
Locus10 10 9.731 0.464 ns
Locusl 6 15.213 0.019 *
Locus?2 6 13.202 0.04 *
Locus3 6 12.764 0.047 *
Locus4 6 7.964 0.241 ns
Locus5 3 5.262 0.154 ns
Tula
Locus6 3 7.524 0.057 ns
Locus7 6 4.42 0.62 ns
Locus8 6 9.764 0.135 ns
Locus9 6 14.997 0.02 *
Locus10 6 5.992 0.424 ns

ns = not significant, * P < 0.05, ** P < 0.01, *** P <0.001
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Table 6- Fst Values Based on AMOVA Test in Four Populations of Banana Shrimp in Hormozgan

Province
Population Released shrimp Grok Kolahi Bandar ';‘It;?ftls Power
Grok 0.038
Kolahi 0.048 0.022
Bandar Abbas Power 0.03 0.032 0.01
Plant
Tula 0.057 0.065 0.048 0.022
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Table 7- Fst Values Based on Allele Frequencies in Four Populations of Banana Shrimp in
Hormozgan Province

Population Rele_ased Grok Kolahi Bandar Abbas
shrimp Power Plant
Grok 0.034
Kolahi 0.045 0.044
Bandar Abbas 0.038 0.044 0.031
Power Plant
Tula 0.058 0.069 0.055 0.035

OB 502 oylims! ;3 00ul axdllan (5390 (950 (S Cuzor oy 53 (NM) (55 o3l 2 dwalio A Joso
Table 8- Comparison of Gene Flow (Nm) Among Studied Populations of Banana Shrimp in
Hormozgan Province

Population Released shrimp Grok Kolahi Bandar Abbas Power Plant
Grok 6.955
Kolahi 5.306 5.432
Bandar Abbas 6.329 5.432 7.815
Power Plant
Tula 4.06 3.373 4.295 6.893

ol ;> (Fenneropenaeus merguiensis) ;o (5s5uw axlao 3,90 B Curos oo Nei (S5 alold - Joan
oF
Table 9- Nei Genetic Distance Among Studied Populations of Banana Shrimp (Fenneropenaeus
merguiensis) in Hormozgan Province

Bandar Abbas Power

Population Released shrimp Grok  Kolahi Plant
Grok 0.175
Kolahi 0.224 0.222
Bandar Abbas Power Plant 0.222 0.227 0.15
Tula 0.295 0.352 0.262 0.153
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Fig. 3- Comparative Genetic Assignment Test Chart Among Studied Populations of Banana Shrimp

(Fenneropenaeus merguiensis) in Hormozgan Province
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Table 10- Comparative Genetic Assignment Test Table Among Studied Populations in Hormozgan
Catchment Areas

Populations Compared

Mean Measurement at Analyzed Loci

Standard Deviation

Released Shrimp - Grok
Released Shrimp - Kolahi
Released Shrimp - Power Plant
Released Shrimp - Tula
Grok - Kolahi
Grok - Power Plant
Grok - Tula
Kolahi - Power Plant
Kolahi - Tula
Power Plant - Tula

-10.384
-11.278
-11.159
-13.063
-9.393
-9.781
-11.322
-8.255
-9.463
-9.482

1.875
2.052
2.38
2.897
2.669
2.989
3.533
2.119
2.678
2.992
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Fig. 4- Phylogenetic Tree of Studied Populations Using UPGMA Method
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