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Lepturichthys fimbriata (Günther) is one of the benthic and rock-attached fish species that is typically found in torrential flows of 
the upper reaches of the Yangtze River in China. Several dams in the Yangtze River (the Ertan Dam, the Three Gorges Dam, the 
Gezhouba Dam, the Xiluodu Dam and the Xiangjiaba Dam (the latter two dams are under construction)) may have significant 
effects on the habitat and spawning behaviors of L. fimbriata, and could ultimately threaten the survival of this fish. We studied 
the population genetic diversity of L. fimbriata samples collected at three sites within the Yangtze River and one of its tributaries, 
the Yalong River. Genetic diversity patterns were determined by analyzing genetic data from 14 polymorphic microsatellite loci 
isolated in Jinshaia sinensis (Sauvage et Dabry). A high genetic diversity among these L. fimbriata local populations was indicat-
ed by the number of microsatellite alleles (A) and the expected heterozygosity. No reductions of genetic diversity in any L. fim-
briata population were observed. However, significant population differentiations were observed among three local populations 
by pairwise comparisons (P<0.001). We deduced that L. fimbriata local populations were not small ones. In addition, the habitat 
behaviors of rock-attachment and possible residence of L. fimbriata could account for the genetic differences found in local popu-
lations. 
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Lepturichthys fimbriata (Günther), belonging to Balitoridae 
(Homalopteridae) in the Cypriniformes, is a small-sized 
freshwater fish of the upper Yangtze River of China. It is a 
benthic fish, typically found in rivers with torrential flow. 
They habitually form schools and produce pelagic eggs 
from mid-April to mid-June every year. Their spawning 
fields lie in the gorges with dramatic water level changes 
and quickwater of the middle and lower reaches of the 
Jinsha River (another name for the upper reaches of the 
Yangtze River above the Yibin segment) and the lower 
reaches of the Yalong River, a tributary of the Jinsha River. 
The eggs and larval fish drift downstream, with some larvae 
reaching the middle reaches of the Yangtze River down-

stream of Yichang [1–3]. 
Three dams lacking fishways have now been constructed 

within the habitat and spawning fields of L. fimbriata along 
the Yangtze River and the Yalong River. The Ertan Dam, 
constructed from 1991 to 2000, is in the down reaches of 
the Yalong River. The Gezhouba Dam, built from 1974 to 
1988, is in the middle segment of the Yangtze River in Yi-
chang. The Three Gorges Dam, constructed from 1994 to 
2006, is also in Yichang, just 38 km upstream of the 
Gezhouba Dam. Another two dams (the Xiluodu Dam and 
the Xiangjiaba Dam) are now being constructed in the main 
spawning field of L. fimbriata along the lower reaches of 
the Jinsha River (Figure 1). The Xiluodu Dam, which start-
ed in Dec. 2005, was initially dammed in Nov. 2007. The 
Xiangjiaba Dam, which started in Dec. 2006, was initially  
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Figure 1  Map of the Yangtze River and its tributaries, showing approximate sampling locations (by circles) and dams (by rectangles, with those under 
construction marked by an asterisk). 

dammed in Dec. 2008. These hydro-projects have dramati-
cally changed the hydrological conditions in the upper and 
middle reaches of the Yangtze River, and have also changed 
the environments of the habitat and spawning fields of L. 
fimbriata. Such changes could ultimately threaten the sur-
vival of this fish.  

There is an urgent need to conserve the biodiversity of 
the threatened fish. However, little is known about the ge-
netic diversity of L. fimbriata. Recently, microsatellite DNA 
markers from another Balitoridae, Jinshaia sinensis 
(Sauvage et Dabry), have been successfully isolated [4]. In 
this study, we sought to elucidate the patterns of genetic 
diversity of the natural population of L. fimbriata and dif-
ferentiation among population samples of L. fimbriata, as 
determined by genetic data from 14 polymorphic microsat-
ellite loci isolated from J. sinensis. The potential effects of 
the dams on the habitat and genetic structure of L. fimbriata 
were analyzed. 

1  Materials and methods 

1.1  Sampling 

During the spring from Apr. to May of 2009, L. fimbriata 
was sampled at three sites along the Yangtze River and the 
Yalong River (Figure 1, Table 1). Depending on watercourse 
size, fish were collected using gill nets or dipnets. Fin clips 
were stored in 95% ethanol. Fish samples were confirmed to 
be of the right species based on photographs and specimens. 

1.2  DNA extraction and microsatellite analysis 

Genomic DNA extraction was conducted according to the 
method described by Aljanabi and Martinez [5] with some 
modifications noted by Zhang and Tan [6]. Finally, DNA 
was resuspended in 100–200 μL of 1×TE (10 mmol/L Tris, 
1 mmol/L EDTA) and visually inspected for quality and 
quantity on 0.8% agarose gels.  

Twenty-one microsatellite DNA loci were amplified us-
ing a PCR procedure. Primers for these 21 microsatellites 
were synthesized according to the submitted sequences of J. 
sinensis on GenBank (HQ849523–HQ849543). PCR was 
performed in 20 μL reactions consisting of 1×PCR buffer, 
1.0–3.0 mmol/L MgCl2, 0.1 mmol/L dNTPs (Amresco), 0.2 
μmol/L primers, 0.3 U Taq DNA polymerase (Fermentas), 
and about 20 ng genomic DNA. The basic thermocycling 
program was 94C for 4 min; then 35 cycles at 94C for  
30 s, NC (N is the annealing temperature) for 40–60 s, and 
72C for 60 s; with a final step at 72C for 10 min. PCR 
products were electrophoresed on nondenaturing 8% poly-
acrylamide gels (Ais:Bis=29:1) on Sequi-Gen GT system 
(Bio-Rad).  

The gels were Ethidium bromide-stained and the allele 
sizes were obtained by manually comparing the alleles’ sizes 
with pBR322 DNA/Msp I and pUC18 DNA/Msp I markers  
(Tiangen). Only intensely stained, unambiguous, clear 
bands were counted. Genotypes were checked for scoring 
errors attributable to stutter-products, large allele drop-out, 
or null alleles, using Micro-Checker v2.2.3 [7]. 

Table 1  Description of sites and samples 

Site River Sample size Abbreviation 

Lizhuang, Yanyuan County, Sichuan Province Yalong River 22 L22 

Guanyingyan, Panzhihua, Sichuan Province Jinsha River 35 G35 

Hejiang Town, Hejiang County, Sichuan Province Yangtze River 35 H35 
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1.3  Data analysis 

Number of alleles (A), expected and observed heterozy-
gosity (HE and HO, respectively), and genetic distances 
were compiled using Popgene software v1.32 [8]. Stand-
ardized allelic richness (Ar) and F-statistics (FST and FIS) 
were estimated using Fstat software v2.9.3.2 [9]. F-statistics 
were also computed by Arlequin software v3.1 [10]. A 
Bonferroni correction was used for multiple testing [11].  

2  Results 

2.1  Population genetic diversity in L. Fimbriata 

Among 21 pairs of microsatellite primers of J. sinensis, 14 
pairs (JS03, JS08, JS15, JS22, JS24, JS27, JS28, JS29, JS31, 
JS34, JS35, JS38, JS56 and JS63) were successfully ampli-
fied in L. fimbriata. Microsatellite DNAs of 92 L. fimbriata 
fish from three locations were analyzed, in which all 14 
microsatellite loci were found to be polymorphic, with the 
number of alleles per locus ranging from 13 to 33 (mean = 
21.3). Allelic richness ranged from 5.521 to 19.415. The 
HO was from 0.8485 to 1.0000 (mean = 0.8667–1.0000), 
while the HE ranged from 0.7579 to 0.9590 (mean = 
0.8534–0.9455) (Table 2). Null alleles were checked by 
Micro-Checker. There was no evidence of large allele 
dropout, null alleles, or scoring errors caused by stuttering 
through the 14 polymorphic microsatellite loci.  

2.2  Population genetic differentiation in L. Fimbriata 

Pairwise comparisons among populations indicated that the 
population genetic distance ranged from 0.2538 to 0.3576 
(Table 3). The similarity between L22 and H35 populations 
was the lowest, while the L22 population was the most simi-
lar to the G35 population, with the smallest genetic distance.  

F-statistics were computed by both Fstat and Arlequin 
software, and no conflicting results appeared. FIS values 
ranged from –0.1918 to 0.0754, and no local populations 
were observed to have departed from the Hardy-Weinberg 
equilibrium across all loci. However, in the whole popula-
tion, locus JS24 was observed to significantly depart from 
the Hardy-Weinberg equilibrium (P < 0.05) (Table 2). Thus 
in the next analysis, the JS24 locus was excluded.  

Genetic differentiations (FST) at 13 polymorphic loci 
(except JS24) among all populations were 0.0202 (P = 
0.00000, G35 vs. H35), 0.0238 (P = 0.00000, L22 vs. H35), 
and 0.0248 (P = 0.00000, L22 vs. G35), as determined by 
pairwise comparisons (Table 4).  

3  Discussion 

Sequences flanking microsatellite motifs in closely related 
organisms are highly conserved; therefore microsatellite 

loci of one species may be applied in other related species 
[12,13]. In this study, 14 of the 21 pairs of primers from J. 
sinensis showed successful cross-species amplification in L. 
fimbriata. 

We then examined the genetic diversity of L. fimbriata 
populations at different locations along the Yangtze River 
by microsatellite DNA analysis. The 14 microsatellite loci 
were found to be highly polymorphic, with a mean value of 
21.3 A per locus and per population. Besides the average A, 
the HE is also generally used as an indicator of genetic di-
versity [14], and the value of HE across 14 loci in this study 
was very high (HE = 0.9132) (Table 2). Microsatellite vari-
ation in 78 species of both freshwater and marine fishes was 
compared and values of HE = 0.58 and A = 7.1 for freshwa-
ter fishes was observed by DeWoody and Avise [14]. De-
Woody and Avise’s HE and A values are far lower than 
those obtained for L. fimbriata, suggesting that L. fimbriata 
has a naturally higher genetic diversity.  

Furthermore, no obvious declines in genetic diversity 
were noted in the dam-blocked population L22 (HE = 
0.8882 and A = 12.4), when compared with other unblocked 
populations, such as G35 (HE = 0.8998 and A = 15.8) and 
H35 (HE = 0.9054 and A = 15.9) (Table 2). No heterozy-
gote deficits were detected in any of the 3 populations (the 
negative FIS mean values in Table 2). Unlike the potamo-
dromous (or anadromous) and relatively long-lived fishes, 
such as bull trout (Salvelinus confluentus) [15], catostomids 
[16,17], and largemouth bronze gudgeon (Coreius gui-
chenoti Sauvage et Dabry) [6], L. fimbriata has a relatively 
early age of maturity and a short lifespan [3,18]. The phe-
nomena of inbreeding and genetic drift usually happen in a 
small population but not in a large one [15,19], which pro-
vides one possible reason for the maintenance of genetic 
diversity after about 10 years isolation between L22 and the 
other populations, in that there are sustainably large 
amounts of L. fimbriata fish in the Yalong River above the 
Ertan Dam.  

However, significant genetic differentiation was ob-
served in all local L. fimbriata populations by pairwise 
comparisons (P < 0.001) (Table 4). L. fimbriata adults are 
usually attached to the rocks of the riverbed and infrequent-
ly migrate from one place to another [1,3,18]; thus, geo-
graphical variations and significant genetic differentiations 
between local populations unavoidably exist, which agrees 
with the conclusions of other studies [18,20]. Usually, habitat 
fragmentations caused by dams or sand bars and other in-
terventions accelerate the population genetic differentiation 
of blocked fishes [6,15,21]; surprisingly, we observed no 
obvious differences in the values of FST from pairwise 
comparisons of the three populations (Table 4). To this 
rock-attached and possible resident fish L. fimbriata [3,18], 
the effects caused by dam blockage might be temporarily 
shaded by effects from its peculiar habitat behavior. More 
samples from local population and more elaborate experi-
ments are required to further elucidate this issue. 
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Table 3  Nei’s unbiased genetic distance analyzed by Popgene software  

 L22 G35 

G35 0.2538  

H35 0.3576 0.3305 

Table 4  Pairwise FST values (except JS24) between three L. fimbriata 
populations compiled by Arlequin and Fstat softwarea) 

 L22 G35 H35 

L22  0.00000 0.00000 

G35 0.0248  0.00000 

H35 0.0238 0.0202  

a) Below the diagonal, FST; above the diagonal, P values. 
 
 

The spawning fields of L. fimbriata mainly span from the 
middle reaches of the Jinsha River to the section of the 
Yangtze River above Yibin and downstream of the Yalong 
River. The Ertan Dam has separated the Yalong spawning 
stocks from the others, and additional dams — the Xiluodu 
Dam and the Xiangjiaba Dam — are being constructed in 
the lower reaches of the Jinsha River (Figure 1), which will 
likely completely break up the main spawning fields. This 
may pose a serious threat to the survival of L. fimbriata in 
the Yangtze River. Our findings provide a good starting 
point to study the effect of man-made interventions like 
dams on the fragile ecosystem of fishes in our rivers, and 
the conservation of, and further research, on the Balitoridae 
fish in the future. 

4  Conclusions 

In this study, we elucidated the genetic diversity of the 
whole natural population of L. fimbriata using 14 polymor-
phic microsatellite loci isolated from J. sinensis. The high 
genetic diversity among three L. fimbriata local populations 
was indicated by the number of microsatellite alleles and the 
expected heterozygosity. No reductions in genetic diversity 
were observed in any L. fimbriata population. However, sig-
nificant population differentiations were observed among 3 
populations by pairwise comparisons (P < 0.001). We de-
duced that L. fimbriata local populations were not small pop-
ulations. In addition, the habitat behaviors of rock-attachment 
and possible residence of L. fimbriata could account for the 
genetic differences found in local populations. 
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