
Marine organisms with a planktonic larval 
stage often exhibit lower levels of genetic structure 
than those with direct development because of high 
dispersal and the absence of obvious geographical 
barriers (Kyle and Boulding 2000, Collin 2001, 
Pavesi et al. 2011).  For instance, between 2 
European species of Hydrobia, the species with 
a 1-3-d planktonic stage had a significantly lower 
population structure than the directly developing 
species (Wilke and Davis 2000).  However, 
this issue is still controversial.  Mitochondrial 
cytochrome b sequence data of 4 species of the 

marine gastropod Littorina, 2 with planktonic larvae 
and 2 direct developers, showed a high level of 
genetic structuring in one with planktonic larvae 
and a lower level of structure in one of the direct 
developers (Kyle and Boulding 2000).  Macoma 
balthica showed significant differentiation between 
the Baltic Sea and other populations from Europe 
with a 2-5-wk pelagic larval phase according to 
data from mitochondrial (mt)DNA cytochrome c 
oxidase subunit I (COI) (Luttikhuizen et al. 2003).  
Coelomactra antiquate, a large benthic clam, has a 
9-14-d planktonic life stage.  An allozyme analysis 
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revealed a high level of genetic differentiation 
between 3 northern populations and 1 southern 
population (Kong et al. 2007).  Populations of 
the surf clam Paphia undulata (which has a 12-d 
planktonic stage) showed genetic differences 
within a small geographical range in the Gulf 
of Thailand by ISSR analysis (Donrung et al. 
2011).  Thus, factors other than planktonic larval 
dispersal may affect the genetic structure.  In spite 
of the migration potential due to planktonic larval 
dispersal, other factors such as geographical 
isolation (Mariani et al. 2002), temperature, salinity 
(Collin 2001), and habitat fragmentation (Hummel 
et al. 1994) also significantly contribute to the 
genetic structure.

Sinonovacula constricta, of the Mollusca 
(Bivalvia: Veneroida: Solecurtidae), lives in lower-
to-mid intertidal zones along coasts of the western 
Pacific Ocean (Qi 1984).  Similar to most marine 
bivalves, S. constricta has a 6-9-d planktonic 
larval stage and is a benthic razor clam as an 
adult.  Despite the attention paid to several 
biological aspects of this species during the last 
few decades, including studies of biochemistry 
(Tamari 1986), developmental biology (Chung 
2008), and immunology (Song et al. 2009, Feng 
et al. 2010), the genetic characteristics of local 
populations are not well understood.  In addition, 
the species has a high market value because of its 
short culture cycle, rapid growth rate, and delicious 
taste.  Indeed, it is one of 4 major aquacultured 
clams along with Crassostrea gigas, Ruditapes 
philippinarum, and Tegillarca granosa in China (Xie 
2003).  Although this clam was introduced to the 
Liaoning, Hebei, and Shandong coasts of China 
hundreds of years ago (Xie 2003) and is widely 
distributed along the coast of China, its farming 
in China began in coastal regions of Fujian and 
Zhejiang Provinces.  Long-term anthropogenic 
activities may have led to exotic seedlings being 
released into the local environment and gene 
flow occurring between introduced and native 
populations.

Recently, the powerful tool of microsatellite 
markers has been extensively used in genetic 
studies (Goldstein and Schlotterer 1999).  Studies 
on genetic diversity were conducted using 
microsatellite markers in many aquatic species, 
such as the Japanese scallop (Mizuhopecten 
yessoensis) (Sato et al. 2005), Pacific oyster 
(Crassostrea gigas) (Yamtich et al. 2005), Asian 
seabass (Lates calcarifer) (Yue et al. 2009), grass 
carp (Ctenopharyngodon idella) (Liu et al. 2009), 
Japanese eel (Anguilla japonica) (Han et al. 2010), 

and triangle pearl mussel (Hyriopsis cumingii) (Li 
et al. 2009).

In this work, 8 microsatellites were used 
to analyze 10 populations of S. constricta along 
the coast of China in order to determine genetic 
variations and the population structure.  The 
results will potentially lead to better management 
and future selective breeding programs for S. 
constricta.

MATERIALS AND METHODS

Sample collection

In total, 400 wild adult individuals were 
randomly collected from 10 locations along 
the coast of China.  These locations included 
Mingyang Town of Zhuanghe City (ZH) in Liaoning 
Province; Caijiabu Town of Hangu District (HG) in 
Tianjin City; Xingcun Town of Haiyang City (HY), 
and Qingdao City (QD) in Shandong Province; 
Sheyang County of Yancheng City (YC) in Jiangsu 
Province; the Dongtan Wetland of Chongming 
I. (CM) in Shanghai City; Xiangshan County of 
Ningbo City (NB), and Pengjie Town of Taizhou 
City (TZ) in Zhejiang Province; and Xiapu County 
of Ningde City (ND), and Yunxiao County of 
Zhangzhou City (ZZ) in Fujian Province (Fig. 1).

DNA extraction and microsatellite analysis

Mantle tissues from each specimen were 
collected and stored in 95% ethanol.  Total 
genomic DNA was isolated from mantle tissues 
using the phenol-chloroform extraction method 
(Sambrook and Russell 2001).

Eight polymorphic microsatellites (Sco-
117_EU272076,  Sco-146_EU272060,  Sco-
221_EU272063,  Sco-222_EU272066,  Sco-
400_EU285666,  Sco-431_EU272072,  Sco-
448_EU272073, and Sco-470_EU272076) were 
selected from markers previously identified by our 
group (Niu et al. 2008).  Polymerase chain reaction 
(PCR) amplification for each microsatellite locus 
was conducted on a PTC-100 PCR instrument 
(Eppendorf, Hamburg, Germany).  Each PCR 
(25 µl in total volume) contained 20 ng of genomic 
DNA, 0.4 U of Taq polymerase (Takara, Otsu, 
Shiga, Japan), 1x Taq PCR buffer, 0.2 µM dNTPs, 
and 0.2 µM of each primer.  Microsatellite loci were 
amplified under the following conditions: 3 min of 
denaturation at 94°C, followed by 35 cycles of 30 s 
at 94°C, 30 s at the optimal annealing temperature 
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(Niu et al. 2008), and 30 s at 72°C; with a final 
extension at 72°C for 10 min.  Microsatellite 
alleles were identified by 8% polyacrylamide gel 
electrophoresis followed by staining with AgNO3.  
Molecular weights were estimated with the PUC18 
marker (Takara, Otsu, Shiga, Japan).

Data analysis

Each microsatel l i te was examined for 
genotyping errors using MicroChecker (Van 
Oosterhout et al. 2004).  The observed (Ho) and 
expected (He) heterozygosities were analyzed 
using GDA (Lewis and Zaykin 2000).  Allelic 

richness (Ar) per locus and the fixation index 
(FIS) (Weir and Cockerham 1984) per population 
were calculated using FSTAT (Goudet 1995).  
Exact tests for deviations from Hardy-Weinberg 
equilibrium (HWE) were performed using Arlenquin 
3.1 (Excoffier et al. 2005) with default parameters 
using a Markov chain method.

All estimates (FST and analysis of molecular 
variance (AMOVA)) of the population structure and 
their significance were calculated using Arlequin 
3.1 (Excoffier et al. 2005).  For the AMOVA, the 
total variance was divided into variances among 
populations, among individuals within populations, 
and within individuals.  A DA genetic distance matrix 

Fig. 1.  Sampling sites of Sinonovacula constricta populations along the coast of China.  Abbreviations are as follow: ZH (Zhuanghe 
City, Liaoning Province), HG (Hangu District, Tianjin City), HY (Haiyang City, Shandong Province), QD (Qingdao City, Shandong 
Province), YC (Yancheng City, Jiangsu Province), CM (Chongming I., Shanghai), NB (Ningbo City, Zhejiang Province), TZ (Taizhou 
City, Zhejiang Province), ND (Ningde City, Fujian Province), and ZZ (Zhangzhou City, Fujian Province).  Arrows show the translocation 
of S. constricta populations for culture.  The original picture was from Kong et al. (2007).
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(Nei et al. 1983) was computed with Dispan (Ota 
1993).  The MEGA 4.0 software package (Tamura 
et al. 2007) was used to construct a Neighbor-
joining (NJ) tree based on DA distances.

RESULTS

Genetic variability

The allelic diversity (Ar), genetic diversities 
(Ho and He), and fixation index (F IS) of each 

locus per population are summarized in table 1.  
In the 10 populations, the mean allelic richness 
ranged 6.0 (TZ)-7.0 (QD).  The average observed 
heterozygosity varied 0.737 (ZH)-0.909 (CM), and 
the expected heterozygosities were high, ranging 
0.836 (CM)-0.882 (QD), suggesting high genetic 
diversity among all populations.  The mean fixation 
indices (FIS) were low, varying -0.089-0.164.  Of 
the 80 population-locus cases (10 populations × 
8 loci), 62 tests showed significant deviation from 
HWE (p < 0.05).  Null alleles were detected for 
4 loci (Sco-221, Sco-222, Sco-400, and Sco-470).

Table 1.  Allelic richness (Ar), observed (Ho) and expected (He) heterozygosities, and fixation indices (FIS) at 
8 loci in 10 populations of Sinonovacula constricta

Locus ZH HG HY QD YC CM NB TZ ND ZZ

Sco-117 Ar 9.2 11.7 11.9 12.4 10.4 10.2 12.0 12.0 12.3 11.5
Ho 0.900 0.975 0.947 0.975 1.000 1.000 1.000 1.000 1.000 1.000
He 0.906 0.946 0.948 0.952 0.927 0.922 0.948 0.954 0.952 0.941
FIS 0.007* -0.031* 0.001* -0.025* -0.080* -0.085* -0.059 -0.051 -0.052 -0.063

Sco-146 Ar 10.5 9.4 9.1 10.9 9.3 9.9 9.9 9.4 8.9 10.7
Ho 0.654 1.000 0.967 0.975 0.875 0.950 1.000 1.000 0.967 1.000
He 0.924 0.911 0.899 0.931 0.908 0.920 0.910 .907 0.898 0.930
FIS 0.296* -0.100 -0.076 -0.048 0.037* -0.033 -0.101* -0.104 -0.078 -0.076*

Sco-221 Ar 7.4 4.6 4.3 6.3 5.7 5.5 7.8 5.3 6.2 5.4
Ho 0.700 0.475 0.100 0.925 0.739 0.975 0.435 0.359 0.552 0.675
He 0.867 0.755 0.709 0.828 0.811 0.809 0.884 0.794 0.795 0.789
FIS 0.195* 0.374* 0.861* -0.118 0.090 -0.208* 0.514* 0.551* 0.310* 0.146

Sco-222 Ar 10.2 10.2 9.2 8.4 9.1 9.1 10.0 8.3 9.1 8.6
Ho 0.588 0.816 0.850 0.925 0.800 0.946 0.875 0.875 0.743 0.900
He 0.922 0.920 0.909 0.885 0.899 0.907 0.922 0.897 0.903 0.902
FIS 0.365* 0.115* 0.066* -0.046* 0.111* -0.043* 0.052* 0.024 0.180* 0.002

Sco-400 Ar 8.3 8.1 7.4 7.5 8.3 8.1 6.8 6.8 5.5 6.7
Ho 0.579 0.769 0.825 0.500 0.925 0.975 0.656 0.650 0.613 0.525
He 0.882 0.885 0.858 0.863 0.884 0.880 0.811 0.824 0.786 0.852
FIS 0.347* 0.133* 0.039* 0.424* -0.046* -0.109* 0.193* 0.213* 0.223* 0.387*

Sco-431 Ar 9.3 9.5 8.3 8.5 9.5 10.1 6.1 5.8 8.1 8.0
Ho 1.000 0.975 0.900 0.950 1.000 1.000 1.000 0.975 0.975 1.000
He 0.896 0.893 0.860 0.873 0.907 0.906 0.801 0.789 0.859 0.874
FIS -0.117* -0.093 -0.047 -0.089* -0.104* -0.105 -0.253* -0.239* -0.137* -0.146*

Sco-448 Ar 6.1 6.1 7.7 6.6 6.6 3.0 5.4 6.0 5.2 6.2
Ho 0.925 0.725 0.975 0.950 0.600 0.450 0.800 0.875 0.650 1.000
He 0.791 0.684 0.861 0.825 0.722 0.420 0.711 0.789 0.624 0.803
FIS -0.171* -0.060* -0.134* -0.153* 0.171* -0.073* -0.126* -0.110* -0.041* -0.250*

Sco-470 Ar 8.3 7.7 6.6 8.9 8.0 10.7 6.0 6.3 8.0 5.8
Ho 0.550 0.625 0.871 0.975 0.750 0.974 0.739 0.850 0.778 0.900
He 0.844 0.792 0.813 0.895 0.862 0.920 0.808 0.817 0.889 0.782
FIS 0.351* 0.213* -0.072* -0.090* 0.132* -0.060* 0.087* -0.041* 0.132* -0.153*

Mean Ar 6.9 6.7 6.5 7.0 6.7 6.6 6.4 6.0 6.3 6.3
Ho 0.737 0.795 0.804 0.897 0.836 0.909 0.813 0.823 0.785 0.875
He 0.879 0.848 0.857 0.882 0.865 0.836 0.849 0.846 0.838 0.859
FIS 0.164 0.064 0.063 -0.017 0.034 -0.089 0.044 0.028 0.066 -0.019

* Significant deviation from Hardy-Weinberg equilibrium (p < 0.05).  Population abbreviations are explained in the legend to figure 1. 
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Genetic differentiation and population relation-
ships

The AMOVA of microsatellites revealed that 
variations among populations, among individuals 
within populations, and within individuals were 
4.400% (p < 0.05), 2.808% (p < 0.05) and 92.792% 
(p < 0.05), respectively (Table 2).

Values for FST estimates and DA genetic 

distances are presented in table 3.  The analysis 
of genetic differentiat ion revealed that FST 
values ranged 0.005 (between HY and QD)-
0.125 (between HY and CM).  Of all pairs of 
populations, the genetic differentiation was 
statistically significant (p < 0.05).  It was interesting 
that FST values were rather high, ranging 0.039-
0.125 between the YC + CM populations and 
the remaining populations.  DA genetic distances 
ranged 0.142 (between ZZ and QD)-0.399 
(between CM and NB).  The phylogenetic tree 
analysis showed that the 10 populations were 
divided into 2 groups: 1 group included the YC and 
CM populations in the middle region and the ZH 
and HG populations of the northern region, and 
another group comprised the ZZ, ND, TZ, and NB 
populations in the southern region and the HY and 
QD populations in the northern region (Fig. 2).

DISCUSSION

Genetic diversity

The maintenance of genetic variation is 
essential for the long-term survival of populations 

QD
ZZ

NB
TZ

ND
HY

ZH
HG

YC
CM

Fig. 2.  A Neighbor-joining phylogenetic tree of 10 populations 
of Sinonovacula constricta based on Nei’s minimum distance 
(DA).

Table 2.  Analysis of molecular variance in 10 populations of S. constricta

Source of variation Sum of squares Variance component Percentage of variance (%)

Among populations 135.971 0.158 4.400
Among individuals within populations 1224.002 0.101 2.808
Within individuals 1192.000 3.323 92.792
Total 2551.973 3.581 100.00

Table 3.  Pairwise genetic differentiation (FST*) values (below the diagonal) and Nei’s minimum distance (DA) 
(above the diagonal) among 10 populations of S. constricta based on 8 microsatellite loci

ZH HG HY QD YC CM NB TZ ND ZZ

ZH 0.183 0.210 0.256 0.270 0.298 0.293 0.244 0.203 0.327
HG 0.014 0.160 0.297 0.254 0.244 0.266 0.185 0.196 0.343
HY 0.038 0.051 0.181 0.250 0.283 0.280 0.191 0.172 0.240
QD 0.047 0.051 0.005 0.308 0.334 0.312 0.244 0.225 0.142
YC 0.044 0.039 0.061 0.063 0.176 0.394 0.283 0.309 0.380
CM 0.082 0.052 0.125 0.112 0.020 0.399 0.306 0.290 0.393
NB 0.051 0.050 0.086 0.075 0.080 0.085 0.163 0.232 0.285
TZ 0.046 0.038 0.050 0.045 0.071 0.103 0.025 0.155 0.219
ND 0.033 0.011 0.065 0.059 0.050 0.061 0.059 0.056 0.253
ZZ 0.062 0.062 0.039 0.028 0.067 0.106 0.057 0.028 0.079

* All pairwise FST values were statistically significant (p < 0.05).  Population abbreviations are explained in the legend to figure 1.
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because the extent of variation determines their 
potential to adapt to a changing environment.  
Genetic information about populations allows 
design of genetic management strategies for wild 
populations (Diz and Presa 2009).  The mean 
expected heterozygosity (He) and the mean 
allelic richness (Ar) are useful for estimating 
population diversity (Diz and Presa 2009).  The Ar 
ranged 6.0-7.0 and He ranged 0.836-0.882 in S. 
constricta populations, suggesting that high levels 
of genetic variations are present.  These results 
are in agreement with our previous study (Niu 
et al. 2010) on the values of haplotype diversity 
of S. constricta populations using mtDNA-COI.  
Most studies of marine bivalves revealed high 
genetic diversity (Bohonak 1999), which may be 
related to biological characteristics.  Most benthic 
marine invertebrates have external fertilization 
and extended dispersal of planktonic larvae that 
follow prevailing currents (Dame 1996).  The larval 
stage can result in adaptations for dispersal and 
habitat selection, while the adult stage represents 
specialization in growth and reproduction (Dame 
1996).  High fecundity is commonly viewed 
as an evolutionary response to intense and 
unpredictable mortality in early life-history stages 
(Taris et al. 2006).  Sinonovacula constricta can 
lay an average of 193,000 eggs per spawning 
event and has a 6-9-d pelagic larval phase.  In 
addition, the high genetic diversity may be related 
to the wide distribution of the species (Dame 
1996).  Despite high fecundities, marine organisms 
show great variability in gamete quantity and 
quality, suggesting that the potential for variance 
in reproductive success exists prior to fertilization 
(Pujolar et al. 2011).  Sinonovacula constricta 
is widely distributed along the west coast of the 
Pacific Ocean, from the Bohai Sea in the north 
to the South China Sea in the south in China.  
Therefore, the genetic diversity of this species is 
maintained at a high level.

HWE is analyzed by examining the signifi-
cance of a permutation test for the null hypothesis 
(FIS = 0), and low (FIS = 0.05), moderate (FIS = 0.10), 
and high (FIS = 0.25) levels of inbreeding within 
populations (Hedgecock et al. 2007, Donrung 
et al. 2011).  In this study, the majority of loci 
showed slight but significant deviations from 
HWE.  However, for loci Sco-221 and Sco-400, the 
northern and southern populations showed higher 
F IS levels with lower heterozygosity than that 
predicted by HWE, suggesting deviation from HWE 
genotype frequencies (Stoner et al. 2002, Kang 
et al. 2011).  A significant heterozygote deficiency 

was previously reported in marine invertebrate 
species, and this deficiency was likely explained 
by the presence of null alleles at these loci (Suck 
An et al. 2011).  Another likely mechanism is the 
within-population genetic structure (Wahlund 
effect) due to spatial or temporal variations 
(Addison and Hart 2005), and more-substantial 
population substructuring in marine bivalves over 
either small or large geographical scales was 
found (Donrung et al. 2011), especially in species 
with free-spawning planktonic sperm (Addison and 
Hart 2005).  In addition, microsatellites, developed 
from the CM population of the middle group, 
showed lower or negative inbreeding coefficients.  
But a high FIS level existed in other populations 
indicating substructuring among those populations.

Genetic differentiation and population relation-
ships

One major concern with population genetics 
of marine organisms is the observation of small 
but statistically significant genetic differences 
among populations (Pujolar et al. 2011).  In this 
paper, S. constricta populations showed significant 
genetic divergence (FST: 0.005-0.125, p < 0.05) 
in pairwise comparison data.  Significant genetic 
differentiation can be explained by environmental 
features including temperature and geographic 
barriers (Arruda et al. 2009, Zainudin et al. 2010).  
Sinonovacula constricta occupies marine bays 
along the coast of China, which form semi-closed 
environments that prevent gene flow between 
different bays.  Therefore, geographical barriers 
can affect the genetic structure (Panithanarak 
et al. 2010, Kang et al. 2011, Stapley et al. 
2011).  On the other hand, different climates 
(a temperate climate in Liaoning, Hebei, and 
Shandong Provinces and Tianjin City, but a 
subtropical climate in southern Jiangsu, Zhejiang, 
and Fujian Provinces and Shanghai) have led 
to different spawning seasons (from June to 
Aug. in Liaoning Province, from Aug. to Oct. in 
Shandong Province, and from Sept. to Nov. in 
Zhejiang and Fujian Provinces) (Wang and Wang 
2008) causing reproductive isolation and limiting 
gene flow.  Therefore, despite the possibility of 
larval dispersal, local populations may be quite 
dynamically independent (Launey et al. 2002).

In general, genetic differentiation of marine 
bivalves sampled over a large scale is consistent 
with a model of isolation by distance (IBD) (Arnaud 
et al. 2000, Launey et al. 2002), where populations 
are connected by continuous migration but have 
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the greatest gene flow between neighboring 
populations (Zhan et al. 2009).  Moreover, genetic 
relationships of these S. constricta populations 
showed atypical patterns.  The 2 populations of 
the middle region (YC and CM) were found to 
have relatively higher genetic differentiation (FST: 
0.039-0.125) than populations of the northern and 
southern regions.  In addition, consistent with our 
previous study using mtDNA-COI, high genetic 
differentiation (FST: 0.8262-0.8706) was found 
between the 2 groups along the coast of China 
(Niu et al. 2010).  Examining genetic distances and 
the phylogenetic tree, it was interesting to note 
that the HY and QD populations in the northern 
region and the NB, TZ, ND, and ZZ populations 
in the southern region were clustered together, 
while the YC and CM populations in the middle 
coast were in another clade.  This proximity could 
be due to natural larval exchange and/or human-
mediated translocation (Arnaud-Haond et al. 2008, 
Diz and Presa 2009).  It was reported that this 
species was first cultivated in Fujian Province, 
China approximately 800 yr ago, and then the 
clams were introduced to Zhejiang Province 500 yr 
ago (Qi 1984).  They were finally introduced to the 
northern region, including Liaoning, Hebei, and 
Shandong Provinces (Xie 2003) (Fig. 1).  Since 
the translocation from wild populations into other 
populations is an important cultural practice, 
the study of the potential genetic contribution 
of translocated individuals to native populations 
is important (Arnaud-Haond et al. 2004).  For 
instance, genetic impacts of the cultural practice 
of spat collection and translocation between 
genetically distinct stocks of the black-lipped 
pearl oyster Pinctada margaritifera cumingii 
were studied by comparing samples collected 
in the 1980s and 2000s from 7 atolls in French 
Polynesia.  The results showed that indices of 
genetic differentiation had distinctly decreased 
(Arnaud-Haond et al. 2004).  This homogenization 
was attributable to the massive spat translocation 
to that area in the 1990s (Arnaud-Haond et al. 
2008), demonstrating that impacts of translocations 
on the genetic composition can be great.  In our 
study, because we lacked samples of this clam 
from the past, it was more difficult to distinguish 
between extensive natural gene flow and artificial 
gene f low l inked to farming pract ices with 
experimental data.  However, there are differences 
in propagation times for this clam because of 
the different climates from north to south along 
the coast of China.  No natural gene flow exists 
between the northern and southern populations 

separated by large geographic  d is tances 
because of the short planktonic larval phase and 
geographic isolation.  Therefore, a possible cause 
of the closer genetic relationship among these 
populations in the northern and southern regions 
is the transfer of juvenile clams by farmers (Xie 
2003).  From this information, it was hypothesized 
that the seed of this species on the Zhejiang and 
Fujian coasts migrated into the northern region, 
which led to gene flow between the northern and 
southern regions (especially between the QD 
and ZZ populations) due to external fertilization 
and the planktonic larval stage.  However, the 
culture of this clam developed in the Jiangsu 
and Shanghai areas in recent years.  In addition, 
distant genetic relationships were observed 
between the 2 middle populations and populations 
of the northern and southern coasts in this study.  
Similarly, we found that COI divergence between 
the middle populations and the other populations 
reached 6.5% based on the nucleotide Kimura-
two-parameter (K-2-P) model (Kimura 1980) (Niu 
et al. 2010).  mtDNA-COI has become a molecular 
marker for identifying species (Hebert et al. 2003, 
Nalugwa et al. 2010, Dettai et al. 2011), and 
COI divergence might not exceed 3%-4% within 
a species (Hebert et al. 2003).  When higher 
intraspecific divergence is observed, it suggests 
the occurrence of a cryptic species (Radulovici 
et al. 2010, Dettai et al. 2011).  So, perhaps the 
middle populations has become a cryptic species 
because of long geographical and reproductive 
isolation (Hebert et al. 2003).

In conclusion, the results of the microsatellite 
analysis together with the mtDNA-COI analysis 
(Niu et al. 2010) indicate high genetic diversity 
and a significant population genetic structure of S. 
constricta along the coast of China.  It is possible 
that anthropogenic activities in the aquaculture 
of S. constricta led to gene flow among different 
locations, causing the mixing of different genetic 
materials between the northern and southern 
regions.  Accordingly, 2 strategies are possible.  
On one hand, separate management could be 
performed between the middle group and other 
populations along the coast of China.  On the other 
hand, a common recommendation for translocation 
is that the genetic compositions of the translocated 
individuals be made similar to local populations in 
order to maintain the genetic pool of S. constricta.
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