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AbStrAct. The family Pomacentridae comprises about 326 species be-
longing to 28 genera. The genus Stegastes is composed of nearly 33 spe-
cies, and 8 are endemic to the Brazilian Province, inhabiting the Brazilian 
coast (Stegastes fuscus, S. variabilis, S. leucosticus, S. uenfi, and S. pictus) or 
Western Atlantic oceanic islands (S. trindadensis, S. rocasensis and S. sanc-
tipauli). Stegastes species play a major role in the reef ecosystem since they 
interfere significantly with the composition of benthonic organisms. Stud-
ies about population genetics and speciation of Neotropical ichthyofauna 
are scarce, particularly at insular areas from the Western Atlantic. Random 
amplified polymorphic DNA markers were used to analyze the popula-
tion genetic structure of the continental species S. fuscus and S. variabilis 
(Northeastern Brazil) as well as the insular species S. sanctipauli (Saint 
Paul’s Rocks). Analysis of population parameters revealed a high index of 
intrapopulation genetic variability in the species, except for S. sanctipauli, 
which showed low values. The φST values in samples of S. fuscus and S. 
variabilis obtained at distinct collection sites 35 km apart from each other 
indicated a lack of population genetic structure. An intermediary profile of 
species-specific markers was detected in some individuals of S. fuscus and 
S. variabilis from Santa Rita, Rio Grande do Norte, suggesting a putative 
introgression event between the two species. The genetic profiles observed 
in Stegastes populations indicate a higher genetic variability along the shore-
line than at oceanic sites, related to a reduced effective population size on 



Genetics and Molecular Research 6 (4): 1097-1106 (2007) www.funpecrp.com.br

1098E.A. Dias Jr. et al.

islands. The lack of genetic differentiation among coastal populations sug-
gests that, despite some biological features such as non-migratory behavior 
and territoriality, the pelagic larval phase of these species is able to promote 
an interpopulation homogeneity among sampled areas. 

Key words: Genetic variability, Pomacentridae, Pomacentrinae,
Random amplified polymorphic DNA, Stegastes 

IntroDuctIon

Coral reefs represent a hotspot of microhabitats, favorable to the high fish diversity 
found in such environments (Ebeling and Hixon, 1991). The pelagic larval phase of most 
reef fish plays an important role in the dispersal of species (Mora and Sale, 2002), as well 
as in the population structure.

The family Pomacentridae (Perciformes) is composed of 28 genera and about 326 
species, popularly known as damselfishes. This is one of the most diverse families of marine 
teleosteans, distributed over tropical, subtropical and temperate regions (Nelson, 1994). Most 
pomacentrids are found in coastal waters, associated with rocky bottoms at low depths (Allen, 
1975; Menezes and Figueiredo, 1985). Often, they represent the dominant group in both 
number and diversity in reef environments (Menezes and Figueiredo, 1985).

Four genera of Pomacentridae are reported in Brazil, Stegastes (eight species), Chromis 
(four species), Microspathodon (one species), and Abudefduf (one species) (Emery, 1972; 
Menezes and Figueiredo, 1985; Rosa and Moura, 1997; Rosa et al., 1997; Rocha et al., 1998). 

Some species can live up to 15 years (Schwamborn and Ferreira, 2002). Highly territorial, 
Stegastes species show a remarkable habitat micropartition, restricted to zones of relatively 
defined depths and characteristic bottoms (Menezes and Figueiredo, 1985). This genus comprises 
about 33 morphologically conserved species (Emery, 1972; Allen, 1991), and unique features for 
a single species are rarely reported. Eight Stegastes species are endemic to the Brazilian coast 
(Allen, 1991; Gasparini et al., 1999; Novelli et al., 2000), S. variabilis, S. fuscus, S. leucosticus, S. 
uenfi, and S. pictus inhabiting the shoreline, and S. rocasensis, S. sanctipauli and S. trindadensis 
at the oceanic islands of Rocas Atoll/Fernando de Noronha archipelago, Saint Paul’s Rocks and 
Trinidad and Martin Vaz, respectively (Menegatti et al., 2003). 

The coastal species S. fuscus and S. variabilis are sympatric and very common in 
Northeastern Brazil (Moura et al., 1999). Although easily differentiated by the juvenile color 
pattern, both species are hardly distinguished when adults, displaying a uniform dark brown 
coloration with blue stripes in S. fuscus that may disappear along the head in S. variabilis. S. 
sanctipauli has a bright yellow body with small brown marks on the back.

Several population genetic studies using molecular markers have been performed in 
pomacentrids in the Pacific Ocean, showing some genetic differentiation on a small geographic 
scale (Bell et al., 1982; Lacson, 1994; Lacson and Clark, 1995; Planes and Doherty, 1997; Planes 
et al., 1998) as well as a tendency of genetic homogeneity on a macrogeographic scale (Shaklee, 
1984; Lacson and Morizot, 1991; Lacson, 1992; among others). However, the patterns of variability 
and genetic differentiation remain unknown in most species from the Western Atlantic. Cytogenetic 
studies in Stegastes species from the Western Atlantic - S. fuscus, S. variabilis, S. pictus, and S. 
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sanctipauli (Molina and Galetti Jr., 2004b; Molina, 2006) - revealed cytotaxonomical markers, 
mainly related to multiple pericentric inversions, helpful in distinguishing each species. 

A large number of studies using random amplified polymorphic DNA (RAPD) markers 
in fishes have shown their potential in providing species-specific profiles (Foo et al., 1995; Liu 
et al., 1999) besides estimates of phylogenetic relationships between species and subspecies 
(Callejas and Ochando, 1998) and evaluation of genetic similarities among geographically 
isolated populations (Bielawski and Pumo, 1997; Hatanaka and Galetti Jr., 2003). RAPD 
markers were successfully used by Bardakci and Skibinski (1994) to identify tilapia subspecies, 
revealing an intrapopulation variation undetected by mtDNA polymorphisms.

In the present study, RAPD markers were used to determine the degree of 
interpopulation differentiation and the levels of genetic variability in the species S. fuscus 
and S. variabilis, composing large coastal populations, and S. sanctipauli, endemic to the 
highly isolated Saint Paul’s Rocks.

MAtErIAL AnD MEthoDS

Species and collection sites

Specimens of S. fuscus and S. variabilis were collected in sympatry at two coastal 
regions, Santa Rita (05° 41’ 57.1” S; 035° 11’ 36.3” W) (S. fuscus, N = 12; S. variabilis, N 
= 12) and Búzios (06° 00’ 20.9” S; 035° 06’ 30.4” W) (S. fuscus, N = 20; S. variabilis, N = 
20), 35 km apart from each other, on the coast of Rio Grande do Norte, Northeastern Brazil. 
Twenty-nine individuals of S. sanctipauli (N = 29) were collected at Saint Paul’s Rocks (0° 

55’ 02” N; 29° 20’ 42” W) (Figure 1), situated on the mid-Atlantic ridge, 960 km from Cape 
Saint Roque (Brazil) and 1890 km from Senegal, Africa. Ascension and Saint Helena, the only 
other tropical islands on the mid-Atlantic ridge are 1940 and 3150 km from the two coasts, 
respectively. The closest area to Saint Paul’s Rocks is the archipelago of Fernando de Noronha 
(630 km). The samples were collected from January 2003 up to December 2004.

DNA extraction and amplification

Tissue samples (liver and/or fins) were obtained just after the specimen collection, 
preserved in ethanol/methanol (1:1) and then stored at -20°C. The DNA extraction was 
performed according to Sambrook et al. (1989). The samples were macerated in liquid nitrogen 
and digested in a solution containing 0.1 M NaCl, 0.01 M Tris-HCl, 0.025 M EDTA, 0.5% 
SDS, 0.1 mg/mL RNAse, and 0.1 mg/mL proteinase-K; the DNA was then precipitated with 
ethanol and stored at -20°C.

The amplification reaction comprised 1 μL template DNA (25 ng/μL), 1 μL primer (100 
ng/μL), 10.5 μL nuclease-free water, and 12.5 μL polymerase chain reaction Master Mix - kit 
Promega (50 U/mL Taq DNA polymerase, 400 μL dNTPs, 3 mM MgCl2) to a final volume of 
25 μL. The RAPD reactions were performed in a thermocycler PTC-100 (MJ Research, Inc.). 
The polymerase chain reaction cycles comprised a first step at 94°C for 4 min, followed by 45 
cycles at 94°C for 1 min, 36°C for 1 min and 72°C for 2 min, plus a final step at 72°C for 7 
min (Barman et al., 2003).
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The samples were amplified using 25 arbitrary primers obtained from the University 
of British Columbia Biotechnology Laboratory (UBC) and Operon Technologies (OPP), and 
eight of them (OPP-7, GTCCATGCCA; OPP-8, ACATCGCCCA; OPP-9, GTGGTCCGCA; 
UBC-101, GCGCCTGGAG; UBC-174, AACGGGCAGG; UBC-428, GCGGAGGTCC; 
UBC-457, CGACGCCCTG; UBC-459, GCGTCGAGGG) were selected based on the 
intensity and reproducibility of bands. Replicates were performed at different intervals in 
5% of the samples and their products were run on the same gel in order to determine the 
authenticity of amplification products. 

Analyses of amplification products

Matrices based on population genetic data were analyzed using the software Popgene 
version 1.31 (Yeh et al., 1999) and Arlequin 3.1 (Schneider et al., 2000; available at http://cmpg.
unibe.ch/software/arlequin3/). The Shannon index (I) (Zar, 1974), Nei’s genetic diversity (h), Nei’s 

Figure 1. Map showing the collection sites on Northeastern Brazilian shore (Santa Rita and Búzios) for Stegastes fuscus, 
S. variabilis and Saint Paul’s Rocks for S. sanctipauli.
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genetic identity and distance, number of migrants (Nm) between populations based on Nei’s genetic 
variation (Gst) (Nm = 0.5 (1 - Gst) / Gst) and the number of polymorphic loci were estimated for each 
species (Nei, 1973). Analysis of molecular variance (AMOVA) was used to estimate the variation 
among populations, providing φST values (Excoffier, 1992), analogous to FST (Wright, 1978), which 
represents the degree of genetic differentiation or population subdivision. 

In order to confirm the φST values, AMOVA data were submitted to 1023 independent 
permutations and P values lower than 0.05 were considered significant. Genetic analyses were 
performed per species and each collection site was discriminated for shore species. 

rESuLtS

Forty polymorphic bands (85.11%) were identified for S. fuscus, and 35 polymorphic 
bands (81.40%) were found in the two localities analyzed for S. variabilis. S. sanctipauli 
samples showed 26 polymorphic bands (39.39%). The fragments ranged from 440 to 
2500 bp (Figure 2). Species-specific bands were identified for each species, allowing their 
differentiation. Gst values of 0.2474 and 0.2717 and Nm equal to 1.58 and 1.34 were reported 
for the species S. fuscus and S. variabilis, respectively, at Búzios and Santa Rita, Rio Grande 
do Norte, Northeastern Brazil. The genetic diversity in the insular population of S. sanctipauli 
(Gst = 0.1703) was much lower than that of coastal species (Table 1).

Figure 2. DNA amplification profiles using the primer UBC-459 in the species Stegastes variabilis (Sva), S. fuscus (Sfu) 
and S. sanctipauli (Ssa) from Santa Rita (SR) and Búzios (BU) beach (Rio Grande do Norte coastline, Brazil).
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Analyses based on a three-group matrix (one comprising S. sanctipauli samples and 
the others representing the two geographic samples of S. fuscus and S. variabilis from Búzios 
and Santa Rita) were performed using AMOVA data. The results indicated a level of genetic 
variation of 27.46% between species. Little variation was detected between geographic samples 
of each species, and most of the variation was observed within populations (Table 2). 

Species/site Polymorphic bands Shannon index Nei’s genetic diversity 

S. fuscus   
   Búzios, RN 29 (61.70%) 0.3604 0.2474
   Santa Rita, RN 26 (55.32%) 0.3499 0.2452
   Búzios + Santa Rita 40 (85.11%) 0.4766 0.3224
S. variabilis   
   Búzios, RN 28 (65.12%) 0.3812 0.2603
   Santa Rita, RN 22 (51.16%) 0.3085 0.2129
   Búzios + Santa Rita 35 (81.40%) 0.4768 0.3259
S. sanctipauli   
   Saint Paul’s Rocks 26 (39.39%) 0.2449 0.1703

table 1. Genetic parameters observed using eight random amplified polymorphic DNA primers in the geographic 
samples of the Stegastes species.

Source of variation d.f. χ2 % Variation

Among species   2 17,586   27.46
Among populations within a species   2   1,704     1.40
Within populations  88 57,871   71.14

Total  92 77,161 100.00

table 2. Comparative analyses of molecular variance among populations and Stegastes species.

d.f. = degrees of freedom; χ2 = chi-square.

The φST values among Stegastes populations indicated a lack of population genetic 
structure between Santa Rita and Búzios in each coastal species (S. fuscus and S. variabilis). 
The highest values of genetic differentiation were found between the species S. sanctipauli 
and S. variabilis (φST  ≥ 0.35765). Despite a significant genetic differentiation among species, 
the φST values between samples of S. fuscus and S. variabilis from Santa Rita were very low 
(φST = 0.08914), differing remarkably from the remaining inter-specific analyses (Table 3). 

Populations  φST Significance

S. sanctipauli - S. fuscus (Búzios)   0.23144 P < 0.05
S. sanctipauli - S. fuscus (Santa Rita)   0.19801 P < 0.05
S. sanctipauli - S. variabilis (Búzios)   0.35765 P < 0.05
S. sanctipauli - S. variabilis (Santa Rita)   0.36264 P < 0.05
S. fuscus (Búzios) - S. fuscus (Santa Rita)   0.07755 P > 0.05
S. fuscus (Búzios) - S. variabilis (Búzios)   0.31322 P < 0.05
S. fuscus (Búzios) - S. variabilis (Santa Rita)   0.35734 P < 0.05
S. fuscus (Santa Rita) - S. variabilis (Búzios)   0.12249 P < 0.05
S. fuscus (Santa Rita) - S. variabilis (Santa Rita)   0.08914 P > 0.05
S. variabilis (Búzios) - S. variabilis (Santa Rita)  -0.02914 P > 0.05

table 3. Values of φST among species and populations of Stegastes. 
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Another AMOVA was performed grouping distinct populations of the same species, 
thus generating a single population for each species. The results demonstrated a higher genetic 
variation within species than among them (Table 4). 

Source of variation  d.f. χ2  % Variation

Among species    2  19,738  32.03 
Within species 90  56,950  67.97 

Total  92 76,688 100.00

table 4. Comparative analysis of molecular variance among species and populations of Stegastes (S. fuscus, S. variabilis 
and S. sanctipauli).

d.f. = degrees of freedom; χ2 = chi-square.

DIScuSSIon

Population genetic analysis in Stegastes variabilis, S. fuscus and S. sanctipauli

A planktonic phase is particularly widespread in marine fish, with more than 90% of 
species showing a first pelagic larval period. In most freshwater species, this strategy was 
evolutionarily lost (Bonhomme and Planes, 2000). An association between dispersal and pelagic 
larval period has been commonly reported, playing a major role in population recruitment, 
population structure, speciation, and extinction (Strathmann, 1993). In pomacentrids, an inverse 
correlation between karyotypic differentiation and duration of the pelagic larval period was 
observed - i.e., species of restricted dispersal abilities displayed a higher number of pericentric 
inversions than those of high dispersal (Molina and Galetti Jr., 2004a).

Several studies have emphasized a broad scale genetic homogeneity in marine fish 
(Ward et al., 1994). In the present study, the values of genetic diversity in the species S. 
fuscus (h = 0.2474 and 0.2452), as well as the I of 0.3604 and 0.3499 for the populations 
from Búzios and Santa Rita, respectively, indicate a high degree of intrapopulation variability, 
remarkably higher than that observed in S. sanctipauli (h = 0.1703; I = 0.2449). These data 
suggest a reduced number of ancestor founders in the genetic composition of the species S. 
sanctipauli. Nowadays, this species is restricted to a geographical range of 500 m2, comprising 
an extremely low population effective size when compared to coastal representatives. 

The level of introgression between both populations of S. fuscus based on the number 
of migrants per generation revealed that, although reduced (Nm = 1.58), it is enough to keep a 
cohesive and unstructured population effective size (panmitic population). 

A high number of reports have revealed some barriers to dispersal, often unclear, such 
as river outflows and marine currents, that could determine a historical genetic differentiation 
among marine populations a few kilometers apart (Floeter and Gasparini, 2000; Rocha, 2003). 
Nevertheless, despite the geographical distance between S. fuscus and S. variabilis populations 
(Búzios and Santa Rita, comprising about 35 km) and the presence of a large river mouth 
(Potengi River, S 05° 45’ 23.0”/W 035° 12’ 02.9”) and a small one (Pium River, S 05° 58’ 
57.8”/W 035° 07’ 22.6”) within the area, they did not represent a barrier to gene flow along 
the coastline populations. This feature was corroborated by the high level of genetic similarity 
among geographic samples of both S. variabilis and S. fuscus.
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The index of genetic diversity in populations of S. variabilis from Búzios and Santa Rita 
was very similar to that observed in the sympatric species S. fuscus at the same area, suggesting 
that they share some biological features favorable to an effective gene flow among regions. 

The coastal species S. fuscus and S. variabilis demonstrated a number of polymorphic 
bands two-fold higher than that of the insular species S. sanctipauli, indicating a significantly 
reduced genetic variation in the latter, a feature likely related to the population effective size 
of each population studied (high in the coastal samples and low for the islands). 

Analysis of molecular variance 

AMOVA data indicate a higher genetic variability within populations of S. fuscus, S. 
variabilis and S. sanctipauli (71.14%) and slight differences among groups (27.46%). These results 
are in agreement with studies in other marine species, showing high variability and little genetic 
structure (Ward et al., 1994; Waples, 1998). The reduced population structure among samples of 
S. fuscus and S. variabilis from Santa Rita and Búzios, as detected through φST values, revealed the 
occurrence of an effective gene flow able to maintain the genetic cohesion in these species. 

Molina (2006), using a cytogenetic approach, pointed out that the insular species S. 
sanctipauli would represent a derived form of the coastal S. fuscus, based on the karyotype 
formulae found in both species. Chromosomal differentiation commonly acts as an efficient 
post-zygotic barrier between species. In this case, a lack of gene flow between the two 
species is detected by φST values, which can be associated with the evolutionary process of 
dispersal and differentiation in S. sanctipauli. 

On the other hand, the φST values among S. variabilis and S. fuscus from Santa 
Rita, RN, suggest the occurrence of gene flow between species from this region. Although 
morphological studies have not been performed to differentiate the two species or reveal 
hybridization events, the φST values indicate they could hybridize since some individuals 
showed intermediate profiles between the two species. 

Hybridization has been reported in 56 fish families, mainly in freshwater groups (Pyle 
and Randall, 1994), and they are related to weak pre- and post-zygotic barriers. It can occur 
when closely related species spawn aggregately (i.e., at the same time and place), favoring the 
contact between inter-specific gametes in the water column (Frisch and Van Herwerden, 2006) 
or when a transitory or permanent form is present in an unbalanced sex ratio between species 
phylogenetically related living in sympatry. Thus, the abundance or an extreme reduction of 
males in a species could lead to inter-specific mating (Allen, 1975; Pyle and Randall, 1994). 

Despite of the absence of information about population dynamics, a prevalence of S. 
variabilis specimens was observed during collection expeditions in Santa Rita, contrary to what 
has been found in other surrounding areas where S. fuscus is more frequent. Considering the 
high complexity of ethological and ecological patterns in reef fishes (Sale, 1991), hybridization 
in this region could be associated with a breakdown of weak mechanisms of reproductive 
isolation (Campton, 1987). Unfortunately, there are no reports about ecological and behavioral 
aspects of hybridization in the genus Stegastes from the Atlantic Ocean. 

Molina and Galetti Jr. (2004b) demonstrated that S. fuscus and S. variabilis share a karyotype 
of 2n = 48, mainly composed of meta-submetacentric chromosomes. However, they differ in the 
number of acrocentric chromosomes (three pairs in S. fuscus and four pairs in S. variabilis). The 
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differences in the karyotype formulae of these species constitute an effective cytotaxonomic marker, 
helpful in identifying, cytologically, an eventual occurrence of natural hybridization between them. 
If hybrids between the two species can be formed, introgression could lead to a reduction in genetic 
diversity, losses of local adaptation or even to species substitution (Grant et al., 2002).

According to the present data, the level of genetic variability within populations is quite 
higher in the coastal species than in the insular representative. This feature is putatively linked 
to a high degree of inbreeding in S. sanctipauli, coupled with a reduced population effective 
size. Albeit some cases of genetic divergence have been reported in other pomacentrids within 
a small geographic scale (Lacson and Clark, 1995; Planes et al., 1998), the geographic samples 
of S. fuscus and S. variabilis from Búzios and Santa Rita displayed an unstructured genetic 
pattern, and each species could be regarded as a single population. 
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