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Abstract
The giant grouper (Epinephelus lanceolatus) is a coral ﬁsh with high commercial value in Southeast Asia. In the present study,
we isolated 11 microsatellite DNA markers, and analysed the genetic diversity and differentiation between cultured stocks
and wild populations of the giant grouper originating from the South China Sea. A total of 390 alleles at 11 microsatellite loci
were detected in 130 individuals from ﬁve different populations. The expected heterozygosity varied from 0.131 to 0.855 with
a mean value of 0.623 and the observed heterozygosity varied from 0.145 to 0.869 with a mean value of 0.379. The allelic
richness and heterozygosity studies revealed that the genetic diversity of the cultured population was signiﬁcantly reduced
when compared with that of the wild population. The Fis , pairwise Fst values, analysis of molecular variance (AMOVA), threedimensional factorial correspondence analysis and structure analysis revealed signiﬁcant population differentiation between
the cultured stocks and the wild populations, among the three cultured populations and between the two wild populations.
These differences may be caused by random genetic drift, the effects of artiﬁcial selection and founder effects. Our results
will be useful in the management of cultured stocks and conservation of wild populations of the giant grouper.
[Wang Q., Wang X., Xie Z., Li Y., Xiao L., Peng C., Zhang H., Li S., Zhang Y. and Lin H. 2016 Microsatellite analysis of the genetic
relationships between wild and cultivated giant grouper in the South China Sea. J. Genet. 95, 369–376]

Introduction
The giant grouper (Epinephelus lanceolatus), the largest
species of grouper, inhabits shallow waters and caves in coral
reefs and around wrecks, and is widely distributed in the
western Indo-Paciﬁc and Indian Oceans (Hseu et al. 2004;
Chiu et al. 2012). Over the past two decades, the number
of giant groupers has decreased dramatically due to habitat
destruction and overﬁshing. The International Union for the
Conservation of Nature has listed the giant grouper as an
endangered species (http://www.iucnredlist.org). Taiwan was
the ﬁrst to successfully introduce the artiﬁcial propagation
of giant grouper in 1996 (Ho et al. 1997). In recent years,
the large-scale artiﬁcial culture of giant grouper has been
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successfully established in China and other Asian countries,
alleviating the ﬁshing pressure on wild populations to some
extent (Tupper and Sheriff 2008).
However, aquaculture practices may reduce the genetic
diversity through founder effects, inbreeding and random
genetic drift, resulting in the loss of disease resistance and
environmental adaptability (Allendorf and Phelps 1980; Lind
et al. 2009; Wang et al. 2012). DNA ﬁngerprinting techniques, such as the use of microsatellite DNA markers have
been used to study the genetic differences between wild
and cultivated populations in various ﬁsh species, including
turbot (Scophthalmus maximus), sea bream (Pagrus major),
common carp (Cyprinus carpio) and Japanese ﬂounder
(Paralichthys olivaceus), among others (Coughlan et al.
1998; Perez-Enriquez et al. 1999; Sekino et al. 2002;
Kohlmann et al. 2005; Gu et al. 2009; Maria et al. 2009).
However, despite the commercial importance of the giant
grouper in South China, previous studies regarding the
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genetic difference between the wild and cultivated populations are not available. Therefore, an investigation of the population genetic structure of the giant grouper is necessary to
provide information for the conservation and management of
this species.
Microsatellites are tandemly repeated DNA sequences that
are composed of one to six base pair long units and are
widely used in the study of population genetics (Jacob et al.
1991; Luikart and England 1999; Selkoe and Toonen 2006).
In this study, we isolated 11 microsatellite markers to analyse
the genetic diversity and differentiation between the wild and
cultivated populations of giant grouper originating from the
South China Sea. Our study will provide valuable information for facilitating the breeding programme and the genetic
conservation of giant grouper.

cultured stocks in Xiamen in Fujian province (FJC, n = 30)
were the offspring of stocks from private hatcheries
located in Xiamen in Fujian province. These hatcheries
are small-to-medium sized with a limited number of giant
grouper. Speciﬁcally, large-sized groupers in the wild
were collected during the spawning season and treated as
broodstock. Alternatively, captured juveniles were cultured
in captivity until sexual maturation and subsequently used
as broodstock. However, information regarding the exact
proportion of these two different sources of individuals in
each broodstock and the management practices for the cultured stocks are not available. Individuals from two wild
populations: wild population from Daya Bay in Guangdong
province (DYW, n = 27) and wild population from Sanya
in Hainan province (HNW, n = 16) were caught in the
South China Sea near Daya Bay in Guangdong province and
Hainan island, respectively.

Materials and methods
Study materials

Microsatellite loci isolation and genotyping

Fin tissues of giant grouper from the South China Sea were
collected during the period 2012–2013 and were immediately preserved in 95% ethanol until DNA extraction. The
sampling locations are presented in ﬁgure 1. In detail, the
cultured stock in Daya Bay in Guangdong province (DYC,
n = 29) stock was progeny of the broodstock reared in a
government-sponsored hatchery in Daya Bay in Guangdong
province. The cultured stocks in Sanya in Hainan province
(HNC, n = 28) were the offspring of stocks from private hatcheries located in Sanya in Hainan province. The

Total genomic DNA was extracted using the TIANamp
Marine Animals DNA Kit (Tiangen, Beijing, China).
Libraries were constructed using the magnetic bead enrichment method (Xie et al. 2013). Positive clones were
sequenced on an ABI 3730 automated DNA sequencer
(Applied Biosystems, Foster City, USA). A total of 158
positive clones were screened and sequenced and 58 of
these clones contained sufﬁcient ﬂanking sequences to
be used for primer design. Primer pairs were designed
using the online software Primer 3 (http://primer3.ut.ee/).

Figure 1. Sampling locations of the giant grouper in South China Sea. FJC, cultured stock in
Xiamen in Fujian province; DYC, cultured stock in Daya Bay in Guangdong province; DYW,
wild population in Daya Bay in Guangdong province; HNC, cultured stock in Sanya in Hainan
province; HNW, wild population in Sanya in Hainan province.
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Table 1. Sequence of 11 pairs of microsatellite primers.
Locus

Primer sequence

DY35

F: GTGCTGCAGTTGTCCTTCAG
R: GCGAGTGACATGGCAGTTTA
F: CTCCCCATAATCCCCTCTGT
R: GAGTAATGTGTGCCGGGAGT
F: CTGCCGTCTACTCGCCTTAC
R: TATCTCCTCGCCATGTCCTT
F: GTTCAGCATGCTTGGTGGTA
R: AGGGCTGACAACCAATGTGT
F: GAGCTGCGTCTGTCAGGACT
R: CAGCCACTCAAACATCCTCA
F: CTGGCTCCCATCACTGGTAT
R: GTCACAGATGTTGCCGTGTC
F: GTTCTCTGGGGTGCTTTCAC
R: ACAACCATCCATCCGTCAGT
F: GTAAGCACCTGGGTGTGCAT
R: GGGACCAAGCAGCTGTACTC
F: GGACAGCAGAGGGACAGAAC
R: GTTAGCCTGACAGCCCAAAG
F: TGAGTAAGCTTTGGCGACTG
R: TGGATCTTTGAGTGGCAACA
F: CAATGTCTCAGCCCAACAGA
R: TACGCCTTTGTTGCTGATTG

DY52
DY58
DY203
DY230
DY19
DY21
DY61
DY114
DY120
DY142

Repeat motif

Ta (◦ C)

Size range (bp)

GenBank no.

(GT)15

60

232–246

KP230427

(TG)16

60

242–276

KP230429

(GT)16

59

181–201

KP230430

(TG)19

57

234–250

KP230436

(GCT)9 (GAT)8

57

158–190

KP230437

(CA)18

58

227–237

KP230439

(GT)18

59

185–201

KP230440

(TG)22

60

193–225

KP230441

(AC)25

57

216–230

KP230442

(AC)23

60

185–205

KP230443

(CA)13

58

242–246

KP230444

Ta , annealing temperature.

The microsatellites were characterized in 29 individuals.
Polymerase chain reaction (PCR) ampliﬁcation was performed in a 20 μL reaction volume containing 10× PCR buffer
(Genstar, Beijing, China), 1 μM of each primer set and 50
ng DNA. The PCR conditions were as follows: 94◦ C for
5 min followed by 35 cycles of 40 s at 94◦ C, 30 s at the
locus-speciﬁc annealing temperature (table 1), and 40 s at
72◦ C, with a ﬁnal extension at 72◦ C for 10 min. The ampliﬁed products were separated on an 8% polyacrylamide gel
and visualized by silver staining. After all the loci in the test
population were screened, 11 clones with genotypes containing polymorphic loci were scored. The number of alleles at
each locus, the observed heterozygosity and expected heterozygosity were calculated using CERVUS 3.0 (Kalinowski
et al. 2007). The deviation from the Hardy–Weinberg equilibrium (HWE) and the linkage disequilibrium (LD) at each
locus were tested using GenePop 4.0 (Raymond and Rousset
1995).
Eleven microsatellite loci were used for genotyping the
individual ﬁsh from the ﬁve distinct groups (table 1). PCR
ampliﬁcation was performed in a 20 μL reaction volume
containing 0.5 μM of each primer, 0.2 mM dNTP, 1.5 mM
MgCl2 , 1× PCR buffer, 1 U Taq DNA polymerase (Fermentas, Lithuania) and 20 ng template genomic DNA. The PCR
condition was as follows: 94◦ C for 5 min followed by 35
cycles of 40 s at 94◦ C, 30 s at the locus-speciﬁc annealing
temperature (table 1) and 40 s at 72◦ C, and a ﬁnal extension
at 72◦ C for 10 min. The PCR products were separated on
an ABI PRISM 3730 DNA automated sequencer (Applied
Biosystems). The fragment size was measured according to

the ROX-500 standard using GeneMapper (Applied Biosystems). The genotyping data were exported to Excel tables
for analysis. MicroChecker (Van Oosterhout et al. 2004) was
used to assess genotyping errors and the possible presence of
null alleles.
Statistical analysis

Microsatellite genetic diversity was quantiﬁed as the number of alleles (A), the allelic richness (Ar ), observed
heterozygosity and expected heterozygosity; additionally, the
FIS for each locus was determined using FSTAT (ver. 2.9.3)
(Goudet 1995). FSTAT (ver. 2.9.3) was also used to test
for signiﬁcant differences in the levels of genetic variability among the samples (cultured and wild). The computer
software package GenePop 4.0 (Van Oosterhout et al. 2004)
was used to assess LD between pairwise loci and the departure from HWE across all loci. To measure the deﬁciency
or excess of heterozygotes, the Markov chain method was
used to estimate the P values with the following parameters
(dememorization = 1000, batches = 500 and iterations
per batch = 1000). The sequential Bonferroni correction
was used to adjust the signiﬁcance of the HWE and the
LD tests across all locus–sample combinations (k = 55)
(Rice 1989). The interpopulation genetic differentiation was
estimated with pairwise Fst values and signiﬁcance tests of
pairwise Fst were computed by a permutation with 10,000
replicates using Arlequin 2.0 (Schneider et al. 2000). We
also used Arlequin 2.0 (Schneider et al. 2000) to test potential nonneutral loci. An analysis of the molecular variance
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(AMOVA) was also calculated using Arlequin 2.0 (Schneider
et al. 2000) and was used to distinguish the genetic variance between the wild and cultured groups. Three-dimensional
factorial correspondence analyses three-dimentional factor correspondence analysis (3D-FCA) were performed
using Genetix 4.05 (Belkhir et al. 2004) to investigate the population differentiation of the giant grouper.
Finally, a Bayesian method was employed to investigate the population structure of all the samples using
the Structure 2.2.3 program (Hubisz et al. 2009). This
program was also applied to determine the number of genetically discrete populations (K = 1–5) with the highest posterior probability. Five independent runs (length of burn-in
period = 100,000 and number of Markov chain Monte Carlo
(MCMC) reps after burn-in = 600,000) were undertaken
for each value of K to verify the consistency of the results.
The simulations were conducted assuming an admixture
model with correlated allele frequencies which is considered
the superior model for examining the structure among closely
related populations (Zhang et al. 2011).

Results
Microsatellite polymorphisms

Based on Arlequin tests, no potential nonneutral loci
were identiﬁed among the 11 microsatellite loci. The
Microchecker analysis also showed no evidence for null alleles or allele stuttering. The genotyping of 130 individuals
of the giant grouper from ﬁve locations identiﬁed 390 alleles at 11 microsatellite loci (table 2). The allele numbers for
all 11 microsatellites ranged from 3 to 12, with an average
of 7.09. The observed and expected heterozygosities ranged
from 0.145 to 0.869 and from 0.131 to 0.855, with averages of 0.379 and 0.623, respectively. No evidence of LD
among the pairs of loci was observed in the samples. Among
the 55 loci population cases, nine cases signiﬁcantly deviated from HWE. After sequential Bonferroni correction
(P< 0.0007), only four cases exhibited signiﬁcant deviation
from HWE. The number of alleles per group ranged from
6.000 (HNC) to 7.818 (DYW), with an average value of

Table 2. Summary of statistics at 11 microsatellite loci across samples of giant grouper.
Sample

Sample Locus
size parameters DY35

DY52

DY58

DY203 DY230

DY19

DY21 DY61 DY114 DY120 DY142 Average

DYC

29

A
Ar
He
Ho
FIS
P

3
8
2.986
7.363
0.573
0.681
0.427
0.319
−0.332 −0.175
0.003
0.129

5
7
12
6
5
3.962
6.899 10.115
5.516
4.607
0.223
0.708 0.809
0.774
0.67
0.777
0.292 0.191
0.226
0.330
0.089 −0.142 0.055 −0.062 −0.070
0.333
0.093 0.217
0.000* 0.100

8
10
6
3
6.636
7.171 8.063
5.502
2.997 5.926
0.727 0.737
0.765
0.424 0.645
0.273 0.263
0.235
0.576 0.355
0.055 0.031 −0.084 −0.224 −0.078
0.010 0.001
0.061
0.354 0.184

HNC

28

A
Ar
He
Ho
FIS
P

3
9
3.000
7.283
0.59
0.736
0.410
0.264
−0.132 −0.190
0.060
0.050

4
9
9
6
3.391
6.678 7.639
4.640
0.304
0.71 0.83
0.408
0.696
0.29
0.169
0.592
−0.025 −0.299 0.113 −0.078
0.787
0.211 0.252
0.444

3
6
2.971 5.381
0.131 0.724
0.869 0.276
0.755 −0.212
0.732 0.318

7
7
5.934
6.688
0.636
0.729
0.364
0.271
0.364 −0.187
0.017
0.000*

FJC

30

A
Ar
He
Ho
FIS
P

5
10
6
11
12
4
4.065
6.773
4.504
8.484 9.000
3.786
0.533
0.540
0.456
0.746 0.766
0.636
0.467
0.460
0.544
0.254 0.234
0.364
−0.126 −0.032 −0.019 −0.314 0.04 −0.133
0.400
0.000*
0.000* 0.661 0.033
0.092

8
9
5.665 7.368
0.534 0.786
0.466 0.214
0.171 −0.19
0.996 0.036

7
8
4
7.636
5.640
6.170
3.066 5.866
0.721
0.637
0.290 0.604
0.280
0.363
0.710 0.396
0.040 −0.006 −0.089 −0.060
0.217
0.657
0.291 0.376

DYW

27

A
Ar
He
Ho
FIS
P

4
3.938
0.579
0.421
0.106
0.608

10
8.707
0.75
0.250
0.082
0.748

HNW

16

A
Ar
He
Ho
FIS
P

4
3.847
0.672
0.328
−0.031
0.307

8
7.771
0.542
0.458
0.011
0.050

6
9
10
7
9
10
5.360
7.084 8.353
5.900
6.801 9.031
0.536
0.565 0.851
0.607
0.695 0.855
0.575
0.435 0.150
0.393
0.305 0.145
0.425 −0.081 −0.126 −0.362 −0.003 −0.074
−0.001
0.806 0.416
0.957
0.763 0.299
6
5.301
0.274
0.726
−0.079
1.000

10
9
8.675 8.011
0.67
0.849
0.330 0.152
0.211 −0.019
0.510 0.904

7
5.783
0.624
0.376
0.003
0.988

9
8.626
0.826
0.174
0.011
0.309

3
2.570
0.246
0.754
0.442
0.028

6.000
5.107
0.549
0.450
0.050
0.319

9
3
7.818
8.241
2.776 6.802
0.826
0.175 0.660
0.174
0.825 0.350
0.015 −0.057 −0.006
0.407
0.974 0.571

8
9
7
11
6.653 7.630 6.761 10.326
0.709 0.85
0.836
0.832
0.291 0.150 0.164
0.168
0.032 −0.022 −0.122 −0.111
1.000 0.999 0.198
0.982

2
7.364
1.933 6.608
0.371 0.657
0.629 0.343
0.032 −0.009
0.834 0.707

A, number of alleles; Ar , allelic richness; He , expected heterozygosity; Ho , observed heterozygosity; FIS , inbreeding coefﬁcient; P, HWE
P value; *signiﬁcant departure from HWE after sequential Bonferroni correction.
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7.091. The expected heterozygosity for these groups varied
from 0.549 (HNC) to 0.660 (DYW), with a mean value of
0.623, and the observed heterozygosity varied from 0.343
(HNW) to 0.450 (HNC), with a mean value of 0.379. For
the ﬁve samples, a statistical reduction (P < 0.05) of Ar
was observed in the cultured stocks of the giant grouper (Ar
between 5.107 and 5.926, mean = 5.821) when compared
with that of the wild populations (Ar between 6.608 and
6.802, mean = 6.705). The mean expected heterozygosity
in the two groups (cultured and wild) was 0.599 and 0.659,
respectively. However, in contrast to the signiﬁcant reduction
of Ar , the genetic diversity in terms of heterozygosity was
not markedly reduced (P > 0.05). In addition, the inbreeding coefﬁcient (Fis ) in the cultured stocks (DYC, −0.078;
HNC, 0.050; FJC, −0.060) indicates that the differentiation
between the subpopulations is more serious than that in the
wild population (DYW, −0.006; HNW, −0.009).

Genetic differentiation between wild and cultivated giant grouper

The degree of genetic differentiation among the different
groups was quantiﬁed with the pairwise Fst values and
P value (table 3). The highest differentiation was noted
between the DYW wild accessions and the FJC cultivars
(Fst = 0.107; P< 0.05), whereas the lowest differentiation
was noted between HNW wild accessions and the HNC cultivars (Fst = 0.013; P < 0.05). Clear genetic differences
were also observed between HNW and DYW (Fst = 0.053;
P = 0.000) groups. The 3D-FCA analysis also revealed
signiﬁcant differences between the cultured stocks and the
wild populations in terms of allele frequency. Three cultured groups, DYC, HNC and FJC, separated from each
other as well (ﬁgure 2). The hypothetical grouping of populations was further explored by AMOVA tests. The results
showed that statistically signiﬁcant variation occurred among
Table 4. AMOVA of microsatellites between the wild and cultured
groups of the giant grouper in South China Sea.

Table 3. Matrix of pairwise Fst values (below diagonal) and
P value (above diagonal) among four wild populations and three
cultured stocks of the giant grouper based on 11 microsatellite loci.
Sample

DYC

FJC

HNC

DYW

HNW

DYC
FJC
HNC
DYW
HNW

0
0.106
0.087
0.097
0.078

0.000
0
0.090
0.107
0.085

0.000
0.000
0
0.055
0.013

0.000
0.000
0.000
0
0.053

0.000
0.000
0.009
0.000
0

Source of variation

Sum of
squares

Among groups
20.504
Among populations
59.972
with groups
Among individuals 432.786
within populations
Within individuals
484.5
Total
997.762

Variance
components

Percentage
variation

P

0.010
0.318

0.270
8.100

0.002
0.001

−0.132

−3.370

0.000

3.727
3.923

95.010
100.000

0.088

Figure 2. Three-dimensional scatter plots for individuals of ﬁve samples of the giant grouper based on factor correspondence analysis (FCA) in which each axis represents one principal factor.
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Figure 3. Number of chub mackerel populations with the highest posterior probability
expressed as the mean likelihood LnP (D) for each assumed population (K).

Figure 4. Results of structure analysis based on 11 microsatellite loci. Each individual is represented by a vertical line which is coloured according to the assigned groups at estimated K = 4
(see ﬁgure 3). Results of K = 5 are also presented.

the populations with groups (8.10%, P< 0.05) and between
wild and cultured groups of the giant grouper in the South
China Sea (0.270%, P < 0.05) (table 4). In simulations of
the Bayesian clustering method with the Structure program
the mean likelihood LnP (D) clearly suggested four clusters
as the most likely population structure (ﬁgure 3). The wild
groups, DYW and HNW, exhibited different plotting from
that of the three cultured groups, DYC, HNC and FJC. The
three cultured groups also exhibited markedly different plotting, and some differences were also observed between the
two wild populations (ﬁgure 4).

Discussion
In this study, we developed 11 new polymorphic microsatellites to analyse the genetic relationships between wild and
374

cultivated giant grouper in the South China Sea. The allele
numbers of these 11 loci varied from 3 to 12, with an average
of 7.09, which is similar to that of some marine ﬁsh species,
such as cod (Gadus morhua) (Bentzen et al. 1996) and kingﬁsh (Seriola lalandi) (Nugroho et al. 2001). This result suggests that these microsatellites are sufﬁcient to detect genetic
variation in the giant grouper. In addition, potentially nonneutral microsatellites were not identiﬁed in the 11 loci using
the software Arlequin 2.0. In the ﬁve groups, the average
allele number and expected heterozygosity per locus were
7.091 and 0.623, respectively, which is considerably reduced
compared with that previously reported in marine ﬁshes
(20.6 and 0.79 per locus) (DeWoody and Avise 2000). This
ﬁnding may be due to high ﬁshing pressure and/or artiﬁcial
breeding.
Several studies have demonstrated that aquaculture practices have the tendency to reduce the genetic diversity in the
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cultured ﬁsh species (Kohlmann et al. 2005; Sekino et al.
2002). In this study, a decline of genetic variation in the
cultured stocks of giant grouper was noted compared with
that of their wild counterparts (table 2). The genetic variation measures used in this study involved Ar and expected
heterozygosity. Here, signiﬁcantly reduced genetic diversity
in terms of Ar was observed in the cultivated giant grouper
compared with that of wild populations (table 2). A decline
in genetic variation was also noted in terms of heterozygosity
measures. This ﬁnding suggests that the reduced genetic
diversity of the cultivated giant grouper was not caused
by sampling and genotyping bias. The decline of genetic
diversity in the cultured stocks is considered to represent the
interaction of founder effects with artiﬁcial and natural selections in the culturing environment (Lacy 1987). Reduced
genetic variation in the cultured stocks of the giant grouper
may be caused by founder effects during the domestication process. Founder effects could have occurred in breeding programmes that used broodstock with a small number
of individuals or no wild individuals, which led to the loss
of genetic diversity in the cultured stocks. Broodstocks that
contain a few wild individuals tend to have more effect on the
genetic diversity of the offspring, especially on allelic diversity (Allendorf and Ryman 1987). Most of the hatcheries of
the giant grouper in the region of the South China Sea are
small or medium sized with inadequate parental ﬁsh. This
phenomenon mainly occurs because the wild spawners that
serve as a major source of the broodstock in hatcheries are
difﬁcult to catch due to overﬁshing and habitat destruction.
In addition to founder effects, the genetic changes in the cultured stocks compared with wild populations are likely due
to the artiﬁcial and natural selection that exist in the culturing environment (Eknath and Doyle 1985; Mjolnerod
et al. 1997). However, this selection could not be identiﬁed
using neutral markers, such as the microsatellites used in
our study. To obtain high-quality ﬁngerlings, artiﬁcial selection is inevitable during the process of domestication. Artiﬁcial selection reduces the genetic diversity in Atlantic salmon
(Salmo salar) (Norris et al. 1999).
Fis , pairwise Fst , AMOVA, FCA and Structure analyses
revealed a signiﬁcant difference between groups of wild and
cultured grouper (tables 2, 3 and 4; ﬁgures 2, 3 and 4). Such
signiﬁcant differentiation also has been observed between
the wild and cultured populations of other ﬁshes, such as
grass carp (Ctenopharyngodon idella) (Liu et al. 2009) and
orange-spotted grouper (Epinephelus coioides) (Wang et al.
2011). It is interesting to note that population differentiation was observed between the two wild populations. However, such conclusions must be made with caution, given
that information on the genetic diversity of the wild grouper
populations of China prior to population decline was not
available. Further, samples from the wild population are
more difﬁcult to obtain due to the population decline during
the past decades owing to overﬁshing and habitat destruction. Consequently, a ﬁrm demonstration of this conclusion
must be made based on further genetic analysis of historical

and contemporary samples before and after the population
decline. Among the three cultured populations, we observed
signiﬁcant population differentiation (table 3; ﬁgures 2 and
4). Considering the fact that all the cultured stocks experienced selection, the differentiation among cultured stocks
might indicate that the effects of artiﬁcial selection have
not been sufﬁciently high to be detected. It is also possible
that selection in the hatcheries has indirectly affected the
microsatellites under study via reductions in the effective
population sizes.
Our results demonstrated that the genetic diversity of the
cultured giant grouper populations was signiﬁcantly reduced
compared with that of their wild counterparts. In addition,
signiﬁcant genetic differentiation was also observed between
the wild populations and cultured stocks. Moreover, signiﬁcant differentiation exists among the three cultured populations and between the two wild populations. Our research,
thus, provides valuable information for the conservation and
management of the giant grouper.
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