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The genetic structure of 4 populations of white croaker Pennahia argentata was analyzed by amplified 
fragment length polymorphism (AFLP) technology. A total of 304 putative loci were detected by the 5 
primer combinations, of which 200 were polymorphic. The proportion of polymorphic loci among four 
populations varied from 47.13 to 57.63%. The population with the highest Nei’s genetic diversity and 
Shannon diversity index was Ariake Sea population, the lowest Nei’s genetic diversity and Shannon 
diversity index was found in Ise Bay population. Two geographic clades (Chinese clade and Japanese 
clade) were detected among 70 individuals of white croaker by AFLP markers; molecular variance 
analysis and pairwise FST also supported the separation of Chinese and Japanese populations of P. 
argentata. The Pleistocene isolation and biological characteristics of species may be responsible for 
the genetic differentiation of P. argentata between China and Japan coastal waters. Our result also 
revealed that white croaker might choose the retention larval strategy within coastal waters to minimize 
the offshore dispersal. 
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INTRODUCTION 
 
Representatives of the family Sciaenidae (croakers or 
drums) are widely distributed in shelf waters of the tro-
pical and subtropical Indian, Pacific and Atlantic oceans 
and are important components of fisheries in several 
countries (Fischer and Bianchi, 1984). Pennahia argen-
tata, a member of this family, commonly called white 
croaker, is one of the important economically sciaenid 
species and widely distributed in northwestern Pacific, 
ranging from Tohoku, Japan to Guangdong, China (Zhu 
et al., 1963; Yamada et al., 2000). It is a demersal fish 
that inhabits sandy or muddy bottoms in coastal inlets to 
a depth of 140 m and is a major component of demersal 
fish assemblages off the coasts of China and Japan, 
supporting an important commercial fishery (Taki, 2000).  
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However, over-fishing, heavy marine pollution and dete-
rioration of marine ecosystem have brought risk of 
exhaustion to the resource of white croaker (Seikai 
National Fisheries Research Institute, 2001). In recent 
years, the commercial catch in the East China Sea has 
dramatically decreased from more than 20,000 tones (the 
highest level in history) to 22 tones in year 2000 
(Yamaguchi et al., 2004). 

Previous studies mainly focused on the biological cha-
racteristics (Chen et al., 2005; Lan and Luo, 1995, 
Yamaguchi et al., 2004, 2006) and little information re-
lated to the genetic structures of white croaker is 
available (Menezes et al., 1990). Larval dispersal plays a 
fundamental role in the ecology and evolution of marine 
organisms (Caley et al., 1996; Strathmann et al., 2002). 
Marine organisms with high dispersal potential generally 
show low levels of genetic differentiation over large 
geographical distances (Palumbi, 1994). White croaker is  



 
 
 
 
a multiple spawner with pelagic eggs and larva. Spawning 
occurs inshore in shallow waters and eggs hatch in about 
22-33 h at 22-24°C (Seikai National Fisheries Research 
Institute, 2001). In the close relatives Nibea albiflora and 
N. miichthioides, the length of the pelagic larval stage are 
about 25 to 32 days (Lei and Fan, 1981; Takita, 1974). 
The length of larval stage in white croaker might be long. 
Such a species with long planktonic larval stage of about 
a month may be expected to have high dispersal poten-
tial, causing a decrease in the genetic or demographic 
differentiations among local populations. However, seve-
ral distinguishable local stocks of white croaker around 
China and Japan coastal waters have been identified by 
different spawning grounds, migration routes and over-
wintering grounds (Seikai National Fisheries Research 
Institute, 2001). Whether these stocks of white croaker in 
China and Japan coastal waters are independent bio-
logical units has not been recently investigated by DNA 
markers. 

An accurate definition of population structure is impor-
tant for the management of commercial marine fishes. 
The conservation of genetic diversity is also important for 
the long-term interest in any species. Determination of 
population genetic structure is essential information to 
underpin resource recovery and to aid delineating and 
monitoring populations for fishery management. Failure 
to detect population units can lead to local over fishing 
and ultimately to severe declines (Zhang et al., 2006). In 
order to effective conservation and use of white croaker, 
it is first necessary to obtain knowledge of its genetic 
background. 

Molecular markers have been very useful for analysis 
of genetic structure and genetic diversity. Among the 
several marker systems, amplified fragment length 
polymorphism (AFLP) (Vos et al., 1995) is highly reliable 
for the assessment of genetic variation among and within 
populations. AFLP is a PCR-based, multi-locus finger-
printing technique that combines the strengths and 
overcomes the weaknesses of the RFLP and RAPD 
methods. The major strengths of the AFLP method in-
clude large (over 100) numbers of revealed polymor-
phisms, high reproducibility due to high PCR annealing 
temperatures and requiring no prior sequence knowledge 
of species. It has been widely used in the field of popu-
lation genetics and often cast light on population structure 
and gave useful information for the management of 
resources (Liu and Cordes, 2004). AFLP has been 
successfully applied in many marine fish species such as 
large yellow croaker (Pseudosciaena crocea), Yellow-
back sea bream (Dentex tumifrons) and Paralichthys 
olivaceus (Wang et al., 2002; Xia and Jiang, 2006). Some 
researchers have simplified, optimized and improved the 
AFLP protocol so that it was easily performed and had 
higher resolution to polymorphic loci (Habu et al., 1997; 
Suazo and Hall, 1999). In this study, 4 geographic popu-
lations of white croaker collected from China and Japan 
were analyzed using AFLP. This study provides insight into 
the genetic structure  of  this  species  and  assesses  the 
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gene flow between China and Japan coastal waters. 
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
Seventy specimens were collected from four geographic locations 
(A170, B21, Ariake Sea and Ise Bay) across the East China Sea 
and Japan coastal waters from 2003 to 2005 (Figure 1, Table 2). 
The whole fish was frozen and shipped to the Ocean University of 
China. Muscle samples were obtained and preserved in 95% etha-
nol or frozen for DNA extraction after specimen identification and 
morphological measure. 
 
 
AFLP analysis 
 
Genomic DNA was isolated from muscle tissue by proteinase K 
digestion followed by a standard phenol–chloroform method. DNA 
was subsequently resuspended in 100 �L of TE buffer (10 mmol/L 
Tris-Cl, 1 mmol/L EDTA, PH = 8.0). Procedures of AFLP were 
essentially based on Vos et al. (1995) and Wang et al. (2000). 
About 100 ng genomic DNA was digested with 1unit of EcoR I and 
Mse I (NEB) at 37oC for 6 h. Double-stranded adapters were ligated 
to the restriction fragments at 20oC overnight after adding 1 �L 10 × 
ligation buffer, 5 pmol EcoR I adapter (EcoR I-1/EcoR I - 2; Table 
1), 50 pmol Mse I adapter (MseI-1/MseI-2; Table 1), 0.3 unit of T4 
DNA ligase (Promega) with a final volume of 10 �L. Pre-
amplification PCR reaction was conducted using an Eppendorf ther-
mocycler (Mastercycler 5334) with a pair of primers containing a 
single selective nucleotide. Amplification was performed at an 
annealing temperature of 53oC for 30 s. The 20 �L PCR product 
mixture was diluted 10 fold with distilled water and used as 
templates for the subsequent selective PCR amplification. The 
selective amplifications were carried out in 20 �L PCR reaction 
volume containing 1 �L productions of preamplifications, 1 × PCR 
reaction buffer, 150 �M of each dNTP, 30 ng of each selective 
primer and 0.5 unit of Taq DNA polymerase on a gradient thermal 
cycler (Mastercycler 5334) with a touchdown cycling profile of nine 
cycles of 30 s at 94°C, 30 s at 65°C (−1°C at each cycle) and 30 s 
at 72°C followed by the cycling profile of 28 cycles of 30 s at 94°C, 
30 s at 56°C and 1 min at 72°C. The final step was a prolonged 
extension of 7 min at 72°C. PCR products were run on 6.0% 
denaturing polyacrylamide gel electrophoresis (PAGE) for 2.5 h at 
50°C on the Sequi-Gen GT sequencing cell (Bio-Rad, USA) and 
finally detected using the silver staining technique modified from 
Merril et al. (1979). Sequences of AFLP adapters and primers are 
listed in Table 1. Five primer combinations (E-AGG/M-CAC, E-
AGG/M-CTC, E-AGG/M-CAT, E-AAG/M-CAT and E-AAG/M-CTA) 
were chosen for AFLP analysis (Table 1).  
 
 
Data analysis 
 
AFLP bands were scored for presence (1) or absent (0) and trans-
formed into 0/1 binary character matrix. Proportion of polymorphic 
loci, Nei’s genetic diversity and Shannon diversity index were 
calculated by POPGEN. Similarity indices were calculated using the 
formula S = 2Nab/(Na+Nb) (Nei and Li, 1979), where Na and Nb are 
the number of bands in individuals a and b, respectively and Nab is 
the number of sharing bands. Genetic distances between indivi-
duals were computed using the formula D = -ln S (Nei and Li, 
1979). Genetic relationships among populations were estimated by 
constructing UPGMA tree based on Nei’s standard genetic distance 
(Nei, 1972) in Mega 3.0. Population structure of white croaker was 
investigated using the molecular variance software package (AMO 
VA) and F-statistics in ARLEQUIN 2.000 (Schneider et al., 2000). 
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Figure 1. Sample locations of Pennahia argentata. 

 
 
 

Table 1. Adaptor and primer sequences used in AFLP analysis. 
 

Primer Sequence 
Adapters  

5’-CTCGTAGACTGCGTACC-3’ 
EcoRI-adapter 

5’-AATTGGTACGCAGTCTAC-3’ 
5’-GACGTGAGTCCTGAG-3’ 

MseI-adapter 5’-TACTCAGGACTCAT-3’ 

Pre-amplification primer  

EcoRI 5’-GACTGCGTACCAATTC-3’ 

MseI 5’-GATGAGTCCTGAGTAA-3’ 
Selective amplification primer  

E-AGG/M-CAC 
5’-GACTGCGTACCAATTCAGG-3’ 
5’-GATGAGTCCTGAGTAACAC-3’ 

E-AGG/M-CTC 
5’-GACTGCGTACCAATTCAGG-3’ 
5’-GATGAGTCCTGAGTAACTC-3’ 

E-AGG/M-CAT 
5’-GACTGCGTACCAATTCAGG-3’ 
5’-GATGAGTCCTGAGTAACAT-3’ 

E-AAG/M-CAT 
5’-GACTGCGTACCAATTCAAG-3’ 
5’-GATGAGTCCTGAGTAACAT-3’ 

E-AAG/M-CTA 
5’-GACTGCGTACCAATTCAAG-3’ 
5’-GATGAGTCCTGAGTAACTA-3’ 
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Table 2. Parameters of genetic diversity for populations of white croaker.  
 

Populations n 
Date of 

collection 
Number 
of loci 

Number of 
polymorphic 

loci 

Proportion of 
polymorphic 

loci 

Nei’s 
genetic 

diversity 

Shannon 
diversity 

index 
A170 9 Apr 2004 227 107 47.13% 0.0949 0.1496 
B21 13 Apr 2004 229 112 48.91% 0.0941 0.1490 
Ariake Sea 24 Mar 2005 262 151 57.63% 0.0956 0.1594 
Ise Bay 24 Sep 2005 245 131 53.47% 0.0738 0.1262 

 
 
 

Table 3. Number of bands generated by primer combinations. 
 

Locus E-AGG/ 
M-CAC 

E-AGG/ 
M-CTC 

E-AGG / 
M-CAT 

E-AAG/ M-
CAT 

E-AAG/ 
M-CTA 

Total 

Number of loci 60 64 60 62 58 304 
Number of polymorphic loci 42 37 49 33 39 200 
Proportion of polymorphic loci 70.00% 57.81% 81.67% 53.22% 67.24% 65.79% 

 
 
 
RESULTS 
 
In the range between 50 - 500 base pairs, a total of 304 
putative loci were detected by the 5 primer combinations, 
of which 200 were polymorphic (Table 3). The number of 
polymorphic loci amplified by each primer combination 
over all populations ranged from 33 to 49, with the ave-
rage of 40 polymorphic loci per prime combination. Figure 
2 showed the AFLP fingerprints generated by primer 
combination E-AGG/M-CAT. 

The population with the highest proportion of polymor-
phic loci and number of polymorphic loci was Ariake Sea, 
whereas that with the lowest values was A170. The 
population with the highest Nei’s genetic diversity and 
Shannon diversity index was Ariake Sea population, the 
lowest Nei’s genetic diversity and Shannon diversity 
index was found in Ise Bay population (Table 2). 

Nei’s genetic distances among four populations were 
from 0.1291 to 0.1749. The greatest genetic distance was 
between the populations B21 and Ise Bay. Based on the 
UPGMA tree (Figure 3), the 4 populations were clustered 
into 2 groups. The Chinese group, included populations 
A170 and B21, was from locations in the East China Sea 
shelf. The populations Ariake Sea and Ise Bay from the 
Japan Islands were clustered as the Japanese group. 
Two specific bands had been amplified by primer 
combination E-AGG/M-CAT, which supported the genetic 
break between China and Japan populations (Figure 2). 
The UPGMA tree of all individuals also revealed 2 
reciprocal monophyly clades (Figure 4). In Chinese clade, 
all individuals from A170 and B21 clustered together; 
Japanese clade contained all individuals from Ariake Sea 
and Ise Bay. 

The significant separation of the 2 groups was suppor-
ted by AMOVA, with 19.21% of all variance being parti-
tioned between the 2 groups (FCT = 0.1921, P < 0.001). 

AMOVA analysis also revealed the significant genetic 
differentiation between populations within 2 groups (FSC = 
0.0799, P < 0.001), suggesting significant population 
structures in both groups. Among 4 populations, all pair-
wise FST values especially the FST values between the 2 
groups were high and significant (P < 0.05), supporting 
significant genetic differentiation among populations and 
high limited gene flow between the two groups (Table 4). 
 
 
DISCUSSION 
 
Marine fishes generally show low levels of genetic 
differentiation among geographic regions due to higher 
dispersal potential during planktonic egg, larval, or adult 
history stages coupled with an absence of physical bar-
riers to movement between ocean basins or adjacent 
continental margins (Grant and Bowen, 1998; Hewitt, 
2000). White croaker with long planktonic larval stage 
might confirm to this pattern. Preliminary allozyme analy-
sis of white croaker in the same area showed a similar 
trend with weak genetic differentiation (Pairwise FST 
values between populations calculated from allozyme 
data were not significant) between the East China Sea 
and the Japan coastal waters (Menezes at al., 1990). 
However, contracting to this hypothesis, significant gene-
tic differentiation between China and Japan groups has 
been revealed by AFLP markers. The topology of 
UPGMA tree based on AFLP marker revealed 2 clades. 
The pairwise FST values between populations within the 
East China Sea and Japan groups were all significant, 
indicating significant population structures within both 
groups and limited gene flow between populations. These 
results suggested several distinct stocks in white croaker.  

The causes of differentiation in marine organisms are 
not   well  understood. In  marine  environments, the geo- 
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Figure 2. AFLP fingerprints generated by primer combination E-AGG/M-CAT. Arrows showed the specific bands 
in China populations and Japan populations. 

 
 
 

 A170

 B21

 Ariake  Sea

 Ise Bay

0.000.020.040.060.08  
 
Figure 3. The UPGMA tree based on the Nei’s genetic distances. 

 
 
 
graphic structure of populations may be influenced by 
local environmental conditions and the life history of the 
species. The geographical structure of a species is not 
only due to present factors, but also more important to 

historical factors (Santos et al., 2003). The significant 
geographic structures of white croaker suggested that the 
dispersal of species is limited by some historical and 
present local factors, or species biological characteristics.  



 
 
 
 

 
 
Figure 4. UPGMA tree of all individuals based on the Nei and 
Li (1979) distance (1-9: A170; 10-22: B21; 23-46: Ariake Sea; 
47-70: Ise Bay). 

 
 
 

Previous genetic studies in northwestern Pacific 
demonstrated that Pleistocene  ice  ages  had  greatly  in- 
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fluenced the genetic structures of marine organisms (Liu 
et al., 2006, 2007). During late quaternary glacial cycles, 
the sea-level-induced environmental signal was amplified 
in the marginal seas of the western Pacific (Wang, 1999), 
giving rise to drastic changes in areas and configurations 
of these seas and causing populations isolation and spe-
cies speciation between the East China Sea and Pacific 
ocean. The gene flow between the East China Sea and 
Pacific ocean was interrupted by the land bridge, which 
extended from eastern China to Taiwan, the Ryukyus and 
probably to the main islands of Japan during the ice ages 
in late Pleistocene. The significant genetic differentiation 
between the 2 groups of white croaker might be caused 
by this historical physical barrier. This historical physical 
barrier was also respon-sible for the strong genetic break 
in redlip mullet Chelon haematocheilus and the diver-
gence of 2 sea bass species (Liu et al., 2006, 2007). Our 
result also supported that the land bridge formed in 
Pleistocene was the major factor to cause significant 
differentiation between the East China Sea and Japan 
populations. 

The biological characteristics of white croaker may also 
be responsible for the genetic differentiation of the 2 
groups. Ecology studies on white croaker revealed differ-
rent over-wintering grounds, spawning grounds, spaw-
ning period and spawning migration routes in China and 
Japan coastal waters (Seikai National Fisheries Re-
search Institute, 2001). In the East China Sea, white 
croaker does not migrate with long distance, only mi-
grates in south and north within short distance and 
spawns eggs along the East China Sea coast. In the 
Japanese coastal waters, no long distance migration was 
also observed. The primary spawning grounds in Japan 
are in the coastal waters of Ariake Sea and Ise Bay. 
Yamaguchi et al. (2006) reported geographic variation in 
spawning season and age at sexual maturity of females 
among the yellow sea, East China Sea and Ariake Sea. 
As these biological characteristics coupled with different 
migration routes, different mating periods and specific 
spawning grounds may predispose white croaker to 
genetic structuring along its geographical distribution.  

Besides above factors, another reason for genetic 
differentiation among populations of white croaker could 
be that dispersal is prevented by behavioural mecha-
nisms that act to prevent transport of larvae between 
populations (Planes et al., 2001). Coastal marine fishes 
utilize near-shore or estuarine habitat as nursery grounds 
for larvae and juveniles. In contrast to pelagic or reef-
based species, where reproduction often involves long-
distance transport of larvae, such coastal species have 
developed strategies to minimize offshore transplant of 
larvae (Checkley et al., 1988; Liu et al., 2007). The pelagic 
larvae of white croaker are typically found in near-shore 
waters and post-larvae migrate to inshore waters and 
shallow estuaries, indicating limited offshore dispersal for 
this species. The AFLP marker revealed genetic break bet-
ween China and Japan groups and significant differentiation 
within groups,  supporting  that  white  croaker  choose  the  
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Table 4. Nei’s genetic distance (above) and pairwise FST (below) between 
populations. 
 

 A170 B21 Ariake Sea Ise Bay 
A170  0.1292 0.1749 0.1727 
B21 0.0283*  0.1729 0.1716 
Ariake Sea 0.1918** 0.2012**  0.1440 
Ise Bay 0.3081** 0.3139** 0.1014**  

 

*Significant P < 0.05; ** significant P values after Bonferroni correction. 
 
 
 

larval dispersal strategy to retain larvae within the coastal 
waters and minimize offshore trans-plant of larvae bet-
ween China and Japan coastal waters. 

In conclusion, our results showed that white croaker 
experienced limited gene flow between China and Japan 
groups, suggesting existence of different stocks. The 
AFLP marker was consistent with the previous allozyme 
results (Han et al., 2008). However, only 22 individuals 
were analyzed in the East China Sea, this is not a suffi-
cient number of individuals in population genetics using 
variable markers. It is necessary to increase the indivi-
duals and use different molecular markers for assessing 
the genetic structures of white croaker. 
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