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Introduction

In the last years, the biochemical and molecular approaches have deeply investigated the correlation between genetic structure of natural populations and the levels of environmental stress (Bickham et al., 2000). Studies developed with populations of fishes and other aquatic organisms have shown a close correlation between genetic polymorphism and ecological response to habitat challenge (Cimmaruta et al., 2003) and changes in genotype frequencies in populations living in contaminated streams (Foré et al., 1995). In Londrina city, Northern Paraná State (Brazil), Cambé stream is a very disturbed ecosystem, where mixed effluents are discharged into it at several points. However, until this moment, there is no study about the genetic structure of native fish populations living in this urban stream. In South America rivers, species of fish belonging to Astyanax genus, commonly known as lambari, are important components of the food web, with a significant participation in the diet of larger fish species. In this study, RAPD markers were used to analyze genetic variability and structure of populations of two species of Astyanax (A. scabripinnis and A. altiparanae), collected along Cambé stream. 

Material and Methods

Fishes were collected in six sampling sites along Cambé stream: site N, located just bellow its headwaters; site A, which receives agricultural waste; site B, which receives effluent from a soluble-coffee factory; site C, which receives waste discharged from a tannery and an agroindustrial cooperative; sites D and E, where two lakes are formed and receive domestic effluents, site E also receives the waste from a battery factory. A total of 37 specimens of A. scabripinnis were sampled in four sites: N (n=7), A (n=12), B (n=11) and C (n=7). A. altiparanae was collected only in sites: C (n=13), D (n=16) and E (n=16). Immediately after being caught fish were dissected in the field and muscles samples were rapidly removed. DNA was extracted from the fish muscle following the procedure described by Almeida et al. (2001). The RAPD profiles were generated from total genomic DNA as described by Williams et al. (1990). Final reaction volumes were 15 (L and contained approximately 15-25 ng of template DNA. RAPD marker profiles were determined by direct comparison of the amplified DNA electrophoresis profiles, and the obtained data were analyzed as binary variables (band presence or absence). Only RAPD bands that could be unequivocally scored were counted in the analysis. Each band was considered an allele of a locus. The following parameters were examined by the TFPGA 1.3 software: a) estimation of genetic variability from the proportion of polymorphic loci ((P), using the 95% criterion; b) unbiased average heterozygosities ((He); and, d) estimation of gene frequency divergence among populations by the thetap, performing 1000 iterations in order to find an approximate 95% confidence interval. Genetic similarity dendrograms among the different groups of individuals analyzed were constructed applying Jaccard (J) coefficient and the UPGMA grouping method, using NTSYS-PC package.

Results and Discussion

Ten primers were used in RAPD analysis of A. scabripinnis, which produced 159 loci, among which 129 (81.3%) were polymorphic. Estimates of genetic variability ((P) for each subpopulation of this species were: 64.8% (N), 63.5% (A), 64.2% (B) and 63.5% (C) revealing values very similar among the four subpopulations. Values of average heterozygosity ((He) estimated for each subpopulation of this species were also very similar: 0.2433 (site N), 0.2271 (A), 0.2518 (B) and 0.2296 (C). For A. altiparanae, the 9 primers used in RAPD analysis produced 157 bands, among which 142 (90.44%) were polymorphic (95% criterion). The estimates of (P were higher than observed for A. scabripinnis: 72.6% (C), 77.7% (D) and 82.2% (E). Also, for A. altiparanae the estimation of(He for the three subpopulations were alike: 0.2521 (C), 0.2751 (D) and 0.2626 (E). The levels of heterozygosity found in subpopulations of both species of lambari were higher than the range estimated by allozymes for subpopulations of other species of teleosts present in disturbed streams (Foré et al., 1995a,b; Cimmurata et al., 2003). However, this divergence can be resultant of intrinsic differences of both molecular markers, since RAPD technique frequently produces dozens of loci to be screened because each primer typically produces multiple bands (Bickham et al., 2000), while allozymes products are less numerous. Despite the anthropogenic interference in the Cambé stream, both estimates of genetic variability found for two species of lambari suggest that the subpopulations from different sites are being able to maintain satisfactory levels of genetic variability. Allele frequencies were significantly different among subpopulations of A. scabripinnis from four sites (Table 1; Thetap), indicating some genetic structuring in these subpopulations. According to Wright (1978) values of Fst ranging from 0.05 to 0.15 are indicative of moderate population genetic structuring, while values from 0.15 to 0.25, indicate high genetic structuring. 

Table 1. Thetap test and number of migrants per generation (Nm) of A. scabripinnis (above) and A. altiparanae species (below) sampled from different sites across Cambé stream.

	Subpopulations
	Theta test
	

	A. scabripinnis
	Thetap
	Jackknife
	(2
	Nm

	N-A
	0.1737*
	0.1744

(0.0338)
	6.60
	1.18

	N-B
	0.1452*
	0.1457

(0.0292)
	6.68
	1.47

	N-C
	0.1566*
	0.1570
(0.0256)
	5.95
	1.34

	A-B
	0.1367*
	0.1372

(0.0287)
	4.92
	1.57

	A-C
	0.2075*
	0.2082

(0.0325)
	5.81
	0.95

	B-C
	0.1459*
	0.1461

(0.0204)
	5.25
	1.46

	
	
	
	
	

	A. altiparanae
	Thetap
	Jackknife
	(2
	Nm

	C-D
	0.0735
	0.0735

(0.0144)
	4.26
	3.15

	C-E
	0.0721
	0.0791

(0.0157)
	4.18
	3.21

	D-E
	0.0677
	0.0677

(0.0128)
	4.33
	3.44


* P < 0.05; (  ) = standard deviation; d.f.thetap = 1

Thus, on the basis of the thetap test, which corresponds to Fst estimates, the present results suggest a moderate differentiation between the subpopulations: N–B, A-B and B-C. Simultaneously, subpopulations from sites N-A, N-C and A-C showed a high genetic differentiation (Table 1). Similarly, A. altiparanae subpopulations (C-D, C-E and D-E) showed a moderate differentiation among them (Table 1). The estimations of gene flow (Nm) were higher than those found for A. scabripinnis. Likewise to A. scabripinnis, the results indicate that despite the values of Nm > 1, genetic differentiation among subpopulations of A. altiparanae is occurring throughout Cambé stream. Therefore, the higher values of thetap between subpopulations of A. altiparanae from sites C and D, reflects the lowest value of Nm between these subpopulations. Genetic differentiation among populations is expected when gene flow is low (Nm < 1). However, the estimates of gene flow based on models that assume that populations are in equilibrium, grossly overestimate the true number of migrants under these conditions (Widmer and Schmid-Hempel, 1999), and consequently, the gene flow is not necessarily equivalent to Nm. Therefore, for both lambari species, the values of Nm obtained could be overestimated and gene flow might be not occurring between subpopulations from different sites.

It has been suggested that population genetic structure of natural organisms can be used as bioindicators of water quality and health of aquatic populations in contaminated environments (Foré et al., 1995a). Recent works concerning to Astyanax responses to environmental stressors have shown that they are relatively resistant to disturbed waters (Winkaler et al., 2001; Martinez and Cólus, 2002). The results suggest a higher tolerance of A. altiparanae to contaminated waters than A. scabripinnis populations, which exhibited a higher trend in undergoing genetic differentiation along the stream. The differences between both species could be attributed to species-specific genetic responses to anthropogenic stress (Foré et al., 1995a). Wright’s distance model and empirical data (cf. Foré et al., 1995a,b) indicate that populations from adjacent sites should be more similar genetically because of the greater probability of gene flow. However, in disturbed streams the water quality could alter the distribution of alleles in fish populations (Foré et al., 1995a,b). Therefore, the high genetic differentiation between subpopulations N-A could be consequence of the polluted conditions of the Cambé stream (Yabe and Oliveira, 1998; Winkaler et al., 2001; Martinez and Cólus, 2002). 

Conclusions

Despite the satisfactory levels of genetic variability found for the A. scabripinnis and A. altiparanae from Cambé stream, the process of genetic differentiation showed by both species could be reflecting some limited capability of these species to migrate along the stream. 
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