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Abstract: Portunus trituberculatus is an important economic species of crab that is artificially bred and
released in the Yangtze River Estuary and its adjacent sea areas. Based on six microsatellite markers,
we investigate the genetic diversity and structure of 101 P. trituberculatus specimens collected from
two hatcheries in Nantong and Zhoushan that participated in stock enhancement in the year 2019. We
compared these with 124 wild specimens caught from 13 localities in the estuary. Analysis of several
genetic diversity parameters (NA, RS, I, HO, HE, FIS, and FST) for the 15 populations demonstrates
that both released and wild populations possess relatively rich genetic diversity. Furthermore, the
released groups demonstrate no less genetic variation between themselves than do the wild crabs.
Most FIS values are greater than zero, which shows inbreeding is common among specimens with
geographically open sites. However, insufficient sampling may have led to a wide distribution of
null alleles, a Hardy–Weinberg test disequilibrium in microsatellite markers PN22 and P04, and a
lack of crab genetic diversity in site 14. All populations (except locality 14) have not suffered the
bottleneck effect. Four subgroups can be seen to roughly spread longitudinally along the sample
area by performing pairwise comparisons of genetic distance and FST values among the populations.
No obvious topological heterogeneity is discovered among the four subgroups in a phylogenetic
tree. The existence of genetic exchange and differentiation among the subgroups is also verified
using structure analysis. Therefore, based on this evidence, we propose that the hatchery stock
enhancements performed in Nantong and Zhoushan result in no reduction in genetic diversity for
wild populations in the Yangtze Estuary in 2019.

Keywords: P. trituberculatus; microsatellite loci; stock enhancement; effect evaluation; genetic status;
hereditary constitution

1. Introduction

Portunus trituberculatus (Crustacea:Decapoda: Brachyura) (Miers, 1876) is a swimming
crab widely distributed on the East Asian coastal seabed [1]. It is a well-known and very
popular edible species that spreads from Bohai to the South China Sea in China [2]. Unfortu-
nately, wild P. trituberculatus resources have sharply declined over the last several decades
because of environmental pollution, habitat destruction, and unsustainable fishing [3,4].
Both artificial propagation and release, and restocking and stock enhancement have proven
to be effective measures for restoring fishery resources since 1986 in Yingkou and have
been widely adopted and used throughout the world [5–7]. The Yangtze Estuary and its
adjacent sea area, which ranges across the coastlines of Jiangsu, Shanghai, and Zhejiang,
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from north to south, is the largest estuary area in China. The runoff of the Yangtze River
contains a very large number of nutrients. This makes it the most productive offshore water
area in China and the largest estuarine fishery closely connected with the Zhoushan and
Lvsi Fisheries [8].

Swimming crabs are the dominant invertebrate fauna in the Yangtze Estuary [9]. Half
of the national annual fishery harvest output can be accounted for by euryhaline crabs
from this region, whether through wild fishing or artificial breeding [10,11]. In 2014, more
than 18 billion juvenile swimming crabs were released in the Dongtou sea area of Zhejiang
Province to help the fishery resources there recover [12]. It is almost impossible to accurately
collect annual release stock enhancement data in this vast marine area. Nevertheless, the
pouring of such a large number of artificially bred crabs into the natural environment
can certainly have a great impact on the genetic characteristics and structure of wild
populations [13,14]. As a powerful molecular marker, microsatellite DNA markers (simple
sequence repeats) are widely used in population genetics and, in particular, for detecting
genetic differences between wild and hatchery fish [15,16].

In this study, six polymorphic microsatellite loci were used to analyze genetic variation,
and population genetic structure within wild P. trituberculatus collected from different loca-
tions in the Yangtze Estuary and crabs caught from hatcheries in Nantong and Zhoushan,
which are situated in the north and the south boundary of the estuary, respectively.

2. Materials and Methods
2.1. Sample Collection and DNA Extraction

In total, 101 artificially bred crabs were collected in March 2019 from two hatcheries
that participated in stock enhancement in the year 2019, as follows: Rudong Xinlei in
Nantong (n = 52) and Daishan Risheng in Zhoushan (n = 49). In total, 124 specimens
(Table 1) were captured at identified sites in the Yangtze Estuary (Figure 1) in October
2019. All samples were adult individuals with equal male and female depending on
the catch, weighing between 300 and 400 g, and their lengths of carapace ranged from
7 to 9 cm. Total DNA was extracted from excised muscle using a DNeasy Blood and Tissue
Kit (Qiagen, Dusseldorf, Germany) as per manufacturer’s instructions. The extracted DNA
was quantified using a spectrophotometer (Thermo Scientific NanoDrop 2000, Waltham,
MA, USA).

Table 1. Summary information on the 13 sampled localities.

Location Geographic Coordinates Sample Size Depth (Meters under the Sea)

2 32◦ N, 122◦40′ E 9 34
3 32◦ N, 123◦ E 10 39
7 31◦45′ N, 123◦ E 10 34
12 31◦30′ N, 122◦40′ E 10 27
14 31◦30′ N, 123◦20′ E 4 32
19 31◦15′ N, 123◦ E 10 44
20 31◦15′ N, 123◦20′ E 11 54
26 31◦ N, 123◦ E 10 59
27 31◦ N, 123◦20′ E 10 62
31 30◦45′ N, 122◦30′ E 10 11
32 30◦45′ N, 122◦40′ E 10 33
33 30◦45′ N, 123◦ E 10 50
34 30◦45′ N, 123◦20′ E 10 55
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Figure 1. Sample localities of P. trituberculatus. crabs were collected from 13 sites of the Yangtze Estuary 
in wild. Blue and red circles indicate sampling sites for wild and cultivated crabs, respectively. 

2.2. Microsatellite Polymerase Chain Reaction Amplification 
Six primer pairs based on our targeted microsatellite sequences were synthesized 

with fluorescence dyes (FAM and HEX) labeled at the 5′ end of each pair (Table 2). Poly-
merase chain reaction (PCR) amplifications were performed in 50 µL reactions containing 
10 × PCR Buffer 2.5 µL, dNTP 2 µL, each primer 1 µL, Taq DNA polymerase 0.15 µL, 
ddH2O 17.5 µL, and 100 ng DNA templates using the following conditions: 95 °C for 5 
min, 35 cycles of 95 °C for 1 min, using this Tm temperature for 1 min, then 72 °C for 1 
min, followed by elongation at 72 °C for 9 min. All PCR products were electrophoresed 
on a 1.5% agarose gel and visualized under UV light with DuRed (Fanbo, Beijing, China) 
staining, and then sent to the Personalbio Company (Shanghai, China) for capillary elec-
trophoresis detection. 

  

Figure 1. Sample localities of P. trituberculatus. crabs were collected from 13 sites of the Yangtze
Estuary in wild. Blue and red circles indicate sampling sites for wild and cultivated crabs, respectively.

2.2. Microsatellite Polymerase Chain Reaction Amplification

Six primer pairs based on our targeted microsatellite sequences were synthesized with
fluorescence dyes (FAM and HEX) labeled at the 5′ end of each pair (Table 2). Polymerase
chain reaction (PCR) amplifications were performed in 50 µL reactions containing 10× PCR
Buffer 2.5 µL, dNTP 2 µL, each primer 1 µL, Taq DNA polymerase 0.15 µL, ddH2O 17.5 µL,
and 100 ng DNA templates using the following conditions: 95 ◦C for 5 min, 35 cycles of
95 ◦C for 1 min, using this Tm temperature for 1 min, then 72 ◦C for 1 min, followed by
elongation at 72 ◦C for 9 min. All PCR products were electrophoresed on a 1.5% agarose
gel and visualized under UV light with DuRed (Fanbo, Beijing, China) staining, and then
sent to the Personalbio Company (Shanghai, China) for capillary electrophoresis detection.
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Table 2. Summary information of 6 microsatellite loci of P. trituberculatus.

Locus Repeat
Motif Primer Sequence (5′-3′) Tm (◦C)

Number
of

Alleles

Allele
Range (bp)

E17 (TG)12
F:ATAAATATCTTGGAAGCCCTCA

R:ACGCCACATAGAACACTCACTC 55 7 247–301

PN22 (GT)29
F:CAATGCGGGATGTAACGG
R:CTTGTGGCGGTCGCTTCT 59 11 255–307

PN24 (CA)32
F:ATAAATATCTTGGAAGCCCTCA

R:ATGGCTGTTCCGCTATGC 55 14 114–174

H4 (TC)26
F:AATCACTTCACTACACCTTTT

R:CTTGATGGGTGGCAGTCT 58 12 225–325

H20 (TC)4-(CT)7-
(TC)4

F:GCTTTTCTATTCATCCACCA
R:TCCTTTCTATCAGCCACTCA 58 14 300–383

P04 (TG)28
F:GCCACTATCTTGCTGAGGTTGA
R:CCATAGCACGAACACTTTTGA 60 17 208–290

Repeat motif “-” means an interruption, “F” and “R” indicate forward and reverse DNA sequences, Tm is for
melting temperature, all primers designed from Cui et al. [17].

2.3. Data Analysis

GeneMarker v. 2.2.0 was used to read the data, supplemented by manual correc-
tion [18]. The number of alleles (NA), genetic diversity index (Shannon Index, I), observed
heterozygosity (HO), and expected heterozygosity (HE) of each microsatellite locus were
counted by PopGene v.1.32 [19]. FSTAT v. 2.9.3 was used to calculate the inbreeding
coefficient (FIS), allelic richness (RS), and genetic differentiation index (FST) between every
two populations, and 1000 substitution tests were carried out to analyze significance [20].
Genetic distances between populations were calculated with GENEPOPv. 4.0 [21] based
on Nei’s standard (1983), and a phylogenetic tree was implemented in MEGA X v.10.1.8
from this data using the neighbor-joining method [22]. Bootstrapping with 1000 iterations
of data matrix was tested to give support for tree topology [23]. Micro-Checker v 2. 2. 3
was applied to detect whether null alleles occurred at each point [24]. A Hardy–Weinberg
equilibrium test was performed for each locus using GENEPOP v. 4.0 [21]. Bottleneck
effect detection for each population was accomplished by BOTTLENECK v. 1.2.02 [25]
using the infinite allele model (IAM), two-phased model (TPM), and stepwise mutation
model (SMM) [26,27]. We determined mode shift allele frequency distributions [28] for all
14 populations, with 5% variance for IAM and 95% proportions of SMM in the TPM test.
One-tailed Wilcoxon signed-rank test and Bonferroni corrections were implemented for
the results of the test [25,29]. The LEA R-language-based package (v. 3. 5. 1) was used
for structure analysis to estimate the most likely value of the genetic clusters (K) in the
estuary [30]. The Sea-born Python-based package was used to draw heatmap of genetic
differentiation indices and genetic distances.

3. Results
3.1. Genetic Diversity Analysis for Wild and Aritificially Bred Crabs Caught in Yangtze Estuary

Six microsatellite loci were checked in 225 P. trituberculatus specimens caught from
either wild environments or aquaculture. Our findings (Table 3) show that the total NA
number ranges from 20 to 90, with an average NA number between 3.33 and 15, and the
average RS values range from 3.33 to 5.34. There is little numerical difference in the Shannon
Indices (I) between populations. The same situation appears in the HO and HE statistics.
Inbreeding is widely spread among all populations, as calculated by FIS. The expected
heterozygosity is a measure of genetic diversity and provides the probability that two alleles
randomly drawn from a population differ in type [31]. It is worth noting that sufficient
broodstocks for artificial breeding were selected from wild sea areas and that the artificially
bred and wild populations both possess the same level of genetic diversity. Furthermore,
the swimming crab population genetics parameters from Nantong and Zhoushan that we
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observed are generally consistent with Cui et al. [17]. The exceptional situation we observed
at site 14 is likely related to a limited sample size. The widespread null allele distribution
we saw in six of the loci results in a loss of heterozygosity and provides valuable insight
for further crab population genetic diversity analyses. It may also help explain Hardy–
Weinberg equilibrium deviations seen in our survey and why the HO values are much lower
than HE, especially for the gene fragments PN22 and P04. As demonstrated in Figure 2,
the FST values between the two released populations and the other thirteen populations
captured wild in the estuary are less than 0.15, suggesting that genetic differentiation among
these populations is not very obvious. Low levels of genetic differentiation are observed
among the fourteen populations. Statistical data on the genetic distances (Figure 2) and our
phylogenetic tree (Figure 3) also confirmed these conclusions. There are four subgroups
in this estuary from the neighbor-joining analysis displayed in Figure 3. The specimens
from aquaculture located in the north (Nantong) and south (Zhoushan) of the target sea
area have similar genetic characteristics. Furthermore, samples from sites 12, 14, 32, and 34
have a closer genetic relationship to each other than to the others. Similarly, the catches
from sites 3, 7, 19, 26, 27, 31, and 33 can be regarded as another sub-branch.

Table 3. Main polymorphic parameters for six microsatellite loci utilized in this study.

Location Sample
Size

Parameter
Locus

Total Average
E17 PN22 PN24 H4 H20 P04

N 52

Na 5 3 21 12 10 13 64 10.667
Rs 3.765 1.634 6.186 5.371 4.445 4.941 26.342 4.390
I 1.451 0.365 2.662 2.174 1.790 2.048 10.490 1.748

Ho 0.942 0.000 0.923 0.647 0.577 0.192 3.282 0.547
He 0.748 0.179 0.922 0.878 0.798 0.841 4.366 0.728
Fis −0.262 1.000 −0.001 0.265 0.279 0.773 2.054 0.342

Z 49

Na 10 2 26 19 16 17 90 15
Rs 4.105 1.507 6.841 5.730 5.450 6.264 29.897 4.983
I 1.671 0.283 3.022 2.481 2.306 2.631 12.394 2.066

Ho 0.694 0.000 0.689 0.469 0.653 0.271 2.776 0.463
He 0.765 0.152 0.955 0.888 0.871 0.927 4.556 0.759
Fis 0.093 1.000 0.281 0.474 0.252 0.710 2.810 0.468

2 9

Na 6 2 9 8 11 9 45 7.5
Rs 4.407 1.989 7.378 6.000 6.490 5.827 32.091 5.349
I 1.586 0.637 2.164 2.008 2.293 2.062 10.749 1.792

Ho 0.667 0.000 1.000 0.714 0.778 0.444 3.603 0.601
He 0.811 0.471 0.978 0.923 0.941 0.909 5.032 0.839
Fis 0.186 1.000 −0.026 0.241 0.182 0.526 2.109 0.352

3 10

Na 5 3 12 7 8 9 44 7.333
Rs 3.691 2.648 6.605 4.465 5.313 5.721 28.443 4.741
I 1.344 0.943 2.351 1.608 1.917 2.056 10.220 1.703

Ho 0.700 0.000 0.778 0.300 0.500 0.400 2.678 0.446
He 0.732 0.611 0.941 0.774 0.879 0.900 4.836 0.806
Fis 0.045 1.000 0.182 0.625 0.444 0.569 2.865 0.478

7 10

Na 7 2 13 9 14 9 54 9
Rs 4.715 1.898 6.870 5.193 6.654 5.559 30.889 5.148
I 1.696 0.500 2.484 1.899 2.455 2.013 11.047 1.841

Ho 0.800 0.000 0.900 0.600 0.900 0.300 3.500 0.583
He 0.811 0.337 0.958 0.847 0.937 0.890 4.779 0.796
Fis 0.014 1.000 0.064 0.303 0.041 0.675 2.097 0.350

12 10

Na 6 2 12 8 9 8 45 7.5
Rs 3.970 1.400 6.788 5.622 5.456 5.873 29.109 4.852
I 1.407 0.199 2.399 1.909 1.983 2.043 9.939 1.657

Ho 0.667 0.100 0.444 0.429 0.600 0.000 2.240 0.373
He 0.719 0.100 0.954 0.890 0.879 0.915 4.457 0.743
Fis 0.077 0.000 0.549 0.538 0.329 1.000 2.493 0.416
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Table 3. Cont.

Location Sample
Size

Parameter
Locus

Total Average
E17 PN22 PN24 H4 H20 P04

14 4

Na 3 1 6 3 4 3 20 3.333
Rs 3.000 1.000 6.000 3.000 4.000 3.000 20.000 3.333
I 1.082 0.000 1.733 0.900 1.213 1.040 5.968 0.995

Ho 0.250 0.000 1.000 0.250 0.250 0.000 1.750 0.292
He 0.750 0.000 0.929 0.607 0.750 0.714 3.750 0.625
Fis 0.700 NA −0.091 0.625 0.700 1.000 2.934 0.587

19 10

Na 4 4 14 10 10 11 53 8.833
Rs 3.297 3.156 6.919 6.168 5.908 6.315 31.763 5.294
I 1.194 1.110 2.528 2.207 2.138 2.276 11.452 1.909

Ho 0.700 0.300 0.800 0.800 0.600 0.300 3.500 0.583
He 0.695 0.642 0.958 0.926 0.911 0.932 5.063 0.844
Fis −0.008 0.546 0.172 0.143 0.353 0.690 1.896 0.316

20 11

Na 5 1 8 9 8 10 41 6.833
Rs 3.322 1.000 5.353 5.361 5.172 5.966 26.174 4.362
I 1.225 0.000 1.930 1.927 1.895 2.174 9.150 1.525

Ho 0.636 0.000 0.400 0.556 0.546 0.364 2.501 0.417
He 0.680 0.000 0.884 0.863 0.870 0.913 4.210 0.702
Fis 0.067 NA 0.561 0.370 0.385 0.614 1.997 0.399

26 10

Na 5 2 11 13 10 9 50 8.333
Rs 3.839 1.976 6.307 6.870 5.643 5.599 30.234 5.039
I 1.400 0.611 2.245 2.484 2.059 2.025 10.825 1.804

Ho 0.900 0.000 0.778 0.600 0.700 0.300 3.278 0.546
He 0.758 0.442 0.928 0.958 0.884 0.895 4.865 0.811
Fis −0.200 1.000 0.170 0.386 0.217 0.677 2.250 0.375

27 10

Na 5 2 10 8 8 8 41 6.833
Rs 3.526 1.999 6.392 5.827 4.894 5.239 27.877 4.646
I 1.226 0.687 2.144 2.033 1.735 1.875 9.700 1.617

Ho 0.333 0.000 0.857 0.556 0.889 0.333 2.968 0.495
He 0.660 0.523 0.923 0.915 0.797 0.869 4.688 0.781
Fis 0.510 1.000 0.077 0.407 −0.123 0.631 2.502 0.417

31 10

Na 4 3 13 6 10 10 46 7.667
Rs 3.047 2.298 6.708 4.244 5.805 6.168 28.270 4.712
I 1.106 0.687 2.441 1.540 2.108 2.207 10.090 1.682

Ho 0.600 0.100 0.500 0.300 0.700 0.200 2.400 0.400
He 0.658 0.416 0.947 0.784 0.900 0.926 4.632 0.772
Fis 0.092 0.769 0.486 0.630 0.232 0.793 3.002 0.500

32 10

Na 7 1 9 7 12 7 43 7.167
Rs 4.638 1.000 5.941 4.465 6.301 5.304 27.649 4.608
I 1.691 0.000 2.091 1.608 2.303 1.887 9.579 1.597

Ho 0.800 0.000 0.333 0.500 0.700 0.000 2.333 0.389
He 0.821 0.000 0.915 0.774 0.926 0.884 4.320 0.720
Fis 0.027 NA 0.650 0.366 0.254 1.000 2.297 0.459

33 10

Na 5 2 9 5 10 8 39 6.5
Rs 3.680 1.976 6.308 3.819 5.643 5.285 26.711 4.452
I 1.331 0.611 2.107 1.399 2.059 1.904 9.410 1.568

Ho 0.600 0.000 0.429 0.556 0.500 0.100 2.184 0.364
He 0.721 0.442 0.934 0.771 0.884 0.868 4.621 0.770
Fis 0.176 1.000 0.561 0.292 0.448 0.890 3.367 0.561

34 10

Na 6 3 7 6 13 7 42 7.000
Rs 4.226 1.800 5.978 4.755 6.708 5.304 28.771 4.795
I 1.543 0.394 1.834 1.631 2.441 1.887 9.731 1.622

Ho 0.400 0.100 0.600 0.571 0.900 0.000 2.571 0.429
He 0.790 0.195 0.911 0.835 0.947 0.884 4.562 0.760
Fis 0.507 0.500 0.368 0.333 0.053 1.000 2.761 0.460

“N” and “Z” stand for crabs caught from Nantong and Zhoushan. “Na” and “Rs” refer to number of alleles
and allelic richness. “I”, “Ho”, and “He” indicate Shannon Index, observed heterozygosity, and expected
heterozygosity, “Fis” is for inbreeding coefficient. NA means not available for this value.
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3.2. Genctic Population Structure Analysis for Wild and Bred Populations of P. trituberculatus

Bottleneck effects show all populations (except site 14) exhibit a conventional L-type
distribution (Figure 4). Thus, we infer that swimming crab populations have not experi-
enced any recent bottleneck events and that the abnormality of site 14 may relate to its
small sample size (n = 4). Assuming that the values of K can be 1~15, each hypothetical
K value was subjected to 10 independently repeated operations in Bayesian clustering
analysis, and then the best K with the highest averaged maximum log-likelihood [32] was
estimated to be 4 by the least square method (Figure 5). The bar graph obtained from the
structure analysis (Figure 6) reveals that genetic differentiation does not completely isolate
the four subgroups of crabs in this estuary.
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4. Discussion

Due to its commercial importance, P. trituberculatus has suffered unprecedented
over-exploitation in the East China Sea since the 1960s, causing a sharp decrease in its
biomass [33]. Hence, artificial breeding of the crab was approved to meet the demand
for the crab as human food and to resupply the marine swimming crab fishery resource
in China [34]. The genetic characteristics of wild populations were inevitably affected by
the numerous stocked specimens. Many studies began to focus on effective and scientific
analyses of these impacts [35–37].

Conventional physical markers are not suitable for species that undergo molting pro-
cesses. Thus, microsatellite data has become a practical tool, offering the following several
advantages in genetic analyses: rich polymorphism, good stability, and high recogni-
tion [38]. Imai et al. used restriction fragment length polymorphism analysis to investigate
genetic variation in the mtDNA of P. trituberculatus caught in Japan, but their results
were inconclusive [39]. Wang et al. using isozyme polymorphism analysis, found that
wild populations possess higher levels of polymorphism than do aquaculture Portunus in
Zhoushan [40]. Liu et al. and Xu et al. examined genetic diversity among geographically
defined swimming crab populations based on mtDNA gene sequence fragments [41,42],
including COI and 16S rRNA. Guo et al. verified the correlations between genetic and geo-
graphic distances by comparing the mtDNA control region of crab samples from different
locations in China [43]. Liu et al. sequenced mtDNA control regions to prove that four wild
populations and two stocked populations located in Liaodong Bay all have rich genetic
diversity [44]. As reported by Supmee et al. [45], in addition to the sequencing of the
control region, more sensitive markers should be suggested to be put into use to explore the
genetic structure of the swimming crab. Lee et al. confirmed that there were no significant
genetic differences between wild populations collected from the Yellow Sea islands based
on 20 microsatellite loci [46]. By the means of microsatellite analysis for P. trituberculatus
collected in localities in Bohai Bay, the study by Duan et al. [47] showed there was high
genetic diversity and similar genetic structure between wild and cultivated populations,
which is in good agreement with our conclusion. However, based on microsatellite research,
Liu et al. predicted that large-scale stock enhancement of crabs in Panjin could present a
strong genetic risk for the local population [48].

Stocked populations in our study, such as those from Nantong and Zhoushan, have
rich genetic diversity levels, about the same as the wild community. Our stock population
values are consistent with wild P. trituberculatus collected in Yingkou by Cui et al. [17], which
suggests to us that aquaculture specimens have no reduction in genetic variation compared
to wild populations and that the stock enhancement executed by the two hatcheries did
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not lead to a genetic diversity decline in 2019. Although our surveyed populations were
divided into four gene pools, and more similar genetic characteristics were discovered
between populations with smaller distances, consistent with Guo’s research [43], we deduce
that genetic differentiation between the four subgroups is quite limited and observe that
there is no obvious topological heterogeneity in our phylogenetic tree. Genotyping-by-
sequencing was carried out for nine populations obtained from the coast of China [49].
The result also displayed little genetic differentiation existed among samples; meanwhile,
genetic connectivity combined with biological mixing consisted of the three subgroups
divided from the nine localities.

Samples from sites far away from a coastline, such as 3, 19, 26, 17, and 33, may have
more gene exchange and gene flow with specimens from the open sea. Subpopulation
distributions are roughly related to the longitude of sites. We propose that the life cycle of
the crab, the nearshore ocean current, and other environmental conditions may potentially
influence this trend. P. trituberculatus is characterized by long-distance migrations for
spawning and over-wintering [50]. The Yangtze Estuary and Zhoushan Islands are primary
spawning grounds for swimming crabs and also serve as destinations and relay stations
for over-wintering crabs [51]. Liu et al. [52] monitored the temporal variation in genetic
architecture in Panjing and Yingkou with eighteen microsatellite loci across six years. They
also found the crab life cycle and mass anthropogenic release of P. trituberculatus would lead
to fluctuations in and differences in the genetic status of the local population. A high level
of gene flow among most populations from offshore China was discovered by Hui et al. [53].
They indicated that sea-level changes and ocean currents would be the underlying factors
in shaping the genetic structure of P. trituberculatus.

However, more sampling and sequencing data are needed to verify the scope and
extent of the influences on the genetic exchange created by the life cycle or the migration
route of the crab. Fortunately, bottleneck effects have not extensively occurred in open
sea areas; hence, broodstock selection and repeated sampling for captive stock should be
encouraged to screen out wild specimens possessing high variations to avoid inbreeding
degradation of stocked specimens.

The primary purpose of P. trituberculatus artificial propagation and release methods
cannot be to restore original biomass in its habitat, nor to meet specific human food needs
for crab recapture, but rather to ensure the sustainable quantitative and genetic stability of
the wild species. Insufficient crab samples captured in wild sea areas may artificially cause
the loss of heterozygotes and deviation from Hardy–Weinberg equilibrium. As a result,
P. trituberculatus sequencing data caught from the wild and stock enhancements in the
Yangtze Estuary should be systematically tracked and accumulated in the following years
to evaluate the genetic diversity and structure of each population scientifically and, thereby,
provide reasonable suggestions and opinions for the management of stock enhancement.
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