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Abstract

Pimelodus maculatus populations from the Tietê and Paranapanema rivers were sampled and had their genetic
structure analyzed by using RAPD markers, with the aim of contributing to future conservation studies. The
proportion of polymorphic loci was greater than 50% in the populations of both rivers. Genetic diversity data showed
that, in spite of its nine hydroelectric plants, the Tietê river population was genetically homogeneous, whereas the
Paranapanema river population was structured. This might be due to the presence of high waterfalls distributed all
along its course. These data may serve as indicators for future conservation studies on the Tietê and Paranapanema
rivers.
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Introduction

The biodiversity of our planet has suffered severe

modifications with the increase in human population and

industrial development. Human activity presently con-

sumes 40% of all its land-based primary production . Fish

and other marine organisms are the only wild animals con-

sumed on a large scale by our species, by direct exploitation

of natural populations (Solé-Cava, 2001).

The construction of hydroelectric plants destroys

habitats and increases the geographic fragmentation of

many fish species. Reduction in the genetic flow may even

change the ratio of components of diversity between and

within populations (Vrijenhoek, 1998).

Knowledge of the effects of genetic variability on fish

distribution is of fundamental importance to understand

how diversity is distributed among populations, that is, the

relative degree of diversity within populations and among

them. Genetic methods for fish management, conservation

and rearing, for example, depend on knowledge of the vari-

ation within a local reproductive unit (Carvalho, 1993).

Among the Siluriformes, the Pimelodidae family, to

which the genus Pimelodus belongs, is the second largest

and one of the most diverse. It is found throughout Central

and South America (Burgess, 1989). Genus Pimelodus is

considered to be a complex, where taxonomy of species and

populations similar to the type-species Pimelodus

maculatus is not well-established at the species level. The

genus has not yet been organized in a conclusive phylogen-

etic tree (Lundberg et al., 1991).

The objective of this study was to analyze Pimelodus

maculatus populations of the Tietê and Paranapanema

rivers, in the States of São Paulo (SP) and Paraná (PR), to

obtain data on their genetic structure that may contribute to

conservation studies.

Material and Methods

P. maculatus specimens were collected at three sites

of each river. On the Tietê, collections were made in the

lower reaches at Araçatuba (SP), in the middle at Barra

Bonita (SP), and in the upper river at Cerquilho (SP). On

the Paranapanema river, collections were made from the

lower, middle, and upper river at Taquarauçu (SP), Pore-

catu (PR), and Paranapanema (SP), respectively. Ten indi-

viduals from each location were used for analysis.

Muscle samples were removed from specimens im-

mediately after capture and kept at -20 °C until use. The

specimens used in this study were preserved and registered

by the Zoology Museum of the State University at Lon-

drina.
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DNA extraction and random amplified polymorphic
DNA (RAPD) analysis

DNA was extracted from the muscle, following the

procedure described by Almeida et al. (2001). Forty differ-

ent 10-mer oligonucleotides (kits OPW and OPAM from

Operon Technologies Ltd.) were used as random primers in

the RAPD screening , and 15 were selected based on the

number of bands obtained and on their ability to produce

consistent fragment patterns. Amplification reactions were

performed in a total volume of 15 µL containing 10-15 ng

of template DNA, 0.25 µmol primer, 3.5 mM MgCl2,

250 µmol dNTP, and 1 unit of Taq DNA polymerase

(Biotools) in the reaction buffer supplied. Control reactions

were run containing all components except genomic DNA.

Reactions were performed in a PTC-100 thermal cycler

(MJ Research), during 40 cycles of 40 s at 92 °C, 90 s at

40 °C, and 120 s at 72 °C, after an initial denaturation of

5 min at 92 °C. Finally, one cycle of 5 min at 72 °C was per-

formed.

The RAPD products were resolved by electrophoresis

at 3 V.cm-1 in 1.4% agarose gels, run with TBE buffer

(0.89 M Tris, 0.89 M boric acid, and 2 mM EDTA pH 8.3)

diluted 1:10 (v:v). Gels were stained with ethidium bro-

mide and photographed under ultraviolet light using T-Max

Kodak film.

Data analysis

Comparative analysis was carried out by placing on

the same gel samples from all ten individuals from each site

of the same river, for intra- and inter-population analysis.

The RAPD marker profiles were determined by direct com-

parison of the amplified DNA electrophoresis profiles, and

the data obtained were analyzed as binary variables (band

presence or absence). Each band was considered to be an al-

lele of a locus, and genetic diversity was estimated in the in-

formal sense, since it seems likely that fragments amplified

by arbitrary primers frequently contain uncoded regions

(Lynch and Milligan, 1994).

Genetic variability was estimated via the proportion

of polymorphic loci (P), Nei’s (1973) measure of genetic

diversity (GST), and the gene flow among the populations,

which is equivalent to the number of migrants per genera-

tion (Nm), using the genetic analysis package POPGENE

1.31 (Yeh et al. 1999). Fisher’s exact test, used to test dif-

ferences in the marker frequencies among the different

populations, and calculation of Nei’s (1978) unbiased ge-

netic identity (I) , using the Lynch and Milligan (1994) fre-

quency correction for dominant markers , were carried out

with the TFPGA 1.3 software (Miller, 1997). The signifi-

cance values were corrected by applying the Bonferroni

procedure. Genetic similarity dendrograms among the pop-

ulations of each river were constructed by using the Jaccard

(J) coefficient and the UPGMA grouping method in the

computer program NTSYS-PC (Rohlf, 1992).

Results and Discussion

The presence of variability within species (among

populations, and also between individuals within popula-

tions) is essential to their ability to survive and to success-

fully respond to environmental changes (Ryman et al.,

1995). A total of 210 loci was obtained for P. maculatus in

the Tietê river by analyzing the 15 primers, and the number

of fragments per primer ranged from 6 to 19. The propor-

tions of polymorphic loci estimated for the lower, the mid-

dle and the upper Tietê river were 60.19%, 51.94%, and

52.43%, respectively.

No significant difference in marker frequencies was

detected between the subpopulations of the lower, middle

and upper Tietê river by Fisher’s exact test (Table 1). The

GST variable was not significant among the subpopulations

of the Tietê river. The estimated gene flow (Nm) was

6.4809 between the lower and the middle Tietê, 4.5967 be-

tween the lower and the upper Tietê, and 4.3327 between

the middle and the upper Tietê populations (Table 1).

One of the problems of population structure analysis

is to estimate the amount of gene flow, which is the most

important determinant of the population structure, because
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Table 1 - Genetic diversity among populations (GST), mean number of migrants per generation (Nm), and Fisher’s exact test for the Pimelodus maculatus

populations in the Tietê and Paranapanema rivers. LT = Lower Tietê river, MT = middle Tietê river, UT = upper Tietê river, LP = lower Paranapanema

river, MP = middle Paranapanema river, and UP = upper Paranapanema river.

GST Fisher’s exact test

GST χ2 P (gl = 1) Nm χ2 gl P

LT/MT 0.0716 2.864 > 0.05 6.4809 156.9805 412 > 0.05

LT/UT 0.0981 3.924 > 0.05 4.5967 190.8310 412 > 0.05

MT/UT 0.1035 4.140 > 0.05 4.3327 201.4722 412 > 0.05

LP/MP 0.1007 4.028 > 0.05 4.4646 212.1281 478 > 0.05

LP/UP 0.1870 7.480 * 2.1732 555.9281 478 *

MP/UP 0.2103 8.412 * 1.8776 587.6500 478 *

*statistically significant at the 5% level, corrected for 3 non-independent multiple tests by the Bonferroni procedure.



it determines to which extent each local population of a spe-

cies is an independent evolutionary unit (Slatkin, 1993). So,

if gene flow among nearby populations is intense, they

evolve together, while, if it is small, each population

evolves in a virtually independent manner.

The genetic identity values ranged from 0.9544 be-

tween the lower and upper Tietê to 0.9718 between the

lower and middle Tietê (Table 2). The genetic identity val-

ues observed among the three locations were in line with

the expected values for individuals of the same population,

according to Thorpe and Solé-Cava (1994), who found that

98% of populations of the same species (co-specific) have a

genetic identity over 0.85.

The joint analysis of the genetic diversity, gene flow,

and genetic identity data indicated that the P. maculatus

population of the Tietê river was homogeneous.

The analysis of the RAPD marker profiles for P.

maculatus from the Tietê river showed the presence of a

single group. The dendrogram shows that the individuals

from the three locations are mixed together (Figure 1). Ac-

cording to Vazzoler et al. (1997), P. maculatus is a me-

dium-sized species, about 20 to 40 cm long, and considered

a great migrant. The dendrogram shows the clustering pat-

tern expected for a migratory species, where no separation

of the individuals in subpopulations is observed.

Altogether, there are nine hydroelectric plants from

the upper to the lower Tietê, where the water drops more

than 10 m. In spite of these reservoirs, the presence of locks

to make the Tietê river navigable must allow migration of

this species, as the data reported here indicate that the

subpopulations from the lower, middle and upper Tietê

river are genetically very similar.

In the P. maculatus samples from the Paranapanema

river, the 15 primers produced a total of 239 loci, and the

number of fragments ranged from 8 to 23. The proportion

of polymorphic loci obtained was 56.49%, 54.81%, and

61.51% for the lower, middle and upper Paranapanema, re-

spectively. The polymorphism values found were similar to

those obtained for Pimelodus maculatus from the Tietê

river.

The genetic diversity between populations (GST) was

significant for the pairs of subpopulations of the lower and

upper, and the middle and upper Paranapanema (Table 1).

Just like GST, Fisher’s exact test showed a less-than-

significant difference only between the lower and the mid-

dle Paranapanema samples (Table 1). This indicates that

there is genetic differentiation between the upper Paranapa-

nema subpopulation and those of the lower and middle

parts, and a greater similarity between the lower and middle

Paranapanema subpopulations.

According to Wright (1978), GST estimates with prob-

abilities between 0.05 and 0.15 are considered indicative of

moderate population structuring, and with probabilities be-

tween 0.15 and 0.25 of high population structuring. There-

fore, the P. maculatus population of the Paranapanema

river was found to be moderately structured between the

lower and middle subpopulations , and highly structured

between the lower and upper, and between the middle and

upper Paranapanema subpopulations.

Structured populations usually show a dynamic equi-

librium between factors which favor differentiation (muta-

tion, drift, and directional or disruptive natural selection,

differing in each area) and homogenizing factors (migra-

tion, purifying natural selection, and balanced or differen-

tial natural selection, uniform in each area) (Solé-Cava,

2001).

The gene flow estimates for P. maculatus in the

Paranapanema river were 4.4646, 2.1732, and 1.8776 be-

tween the lower and middle, lower and upper, and middle

and upper parts, respectively (Table 1). The population ge-

netic parameter Nm, which measures the number of mi-

grants per generation, also provides an indication of the

differentiation among populations. Thus, although the Nm

values were above 1, indicating gene flow action against

genetic differentiation among the populations, the actual

gene flow between the upper Paranapanema subpopulation

and the subpopulations of the lower and middle parts was

not strong enough to prevent the genetic differentiation de-

tected by Fisher’s exact test and GST.
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Table 2 - Nei’s genetic identity (1978), corrected by the Lynch and

Milligan (1994) procedure, for Pimelodus maculatus populations of the

Tietê river.

Subpopulations LT MT UT

LT ****

MT 0.9718 ****

UT 0.9544 0.9563 ****

Figure 1 - Dendrogram constructed using the Jaccard coefficient and the

UPGMA method for Pimelodus maculatus from the Tietê river.

LT = Lower Tietê , MT = Middle Tietê, and UT = Upper Tietê .



The observed genetic identity values were 0.9537 be-

tween the lower and middle, 0.8919 between the lower and

upper, and 0.8772 between the middle and upper Parana-

panema subpopulations (Table 3). Together with the other

genetic parameters, they confirmed the considerable ge-

netic differentiation between the upper Paranapanema

subpopulation and those of the lower and middle parts, as

well as the homogeneity across the lower and middle Para-

napanema subpopulations.

Analysis of the RAPD marker profiles obtained for

the P. maculatus samples from the Paranapanema river

pointed to a certain degree of differentiation between indi-

viduals from the upper and individuals from the lower and

middle parts of the river (Figure 2). The dendrogram shows

the formation of two clusters, one consisting of individuals

from the lower and middle Paranapanema, and the other of

those from the upper river. Individuals from the lower and

the middle Paranapanema showed a tendency to separate

into clusters, according to their original location (Figure 3).

Sampaio (1944) reported on an expedition to the

Itapetininga and Paranapanema rivers made in 1889 that

found many waterfalls on the Paranapanema river, some of

them over 60 m high. Nowadays, there are six hydroelectric

plants on that river, for which dams were built on its many

waterfalls. Thus, it seems likely that there were already bar-

riers to gene flow between the sites on the lower, middle

and upper Paranapanema river, before the construction of

the hydroelectric plants, explaining the genetic differentia-

tion data found in this study.

The process of dam construction and consequent res-

ervoir formation leads to changes in the physical, chemical,

sanitary, and biological characteristics of a river. There-

fore, the current Brazilian environmental laws require that

corporations responsible for a dam propose a conservation

program for aquatic organisms. Fish rearing in captivity for

river re-population may be a helpful tool for conservation

of the native fish fauna of the Brazilian river basins, espe-
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Table 3 - Nei’s genetic identity (1978), corrected by the Lynch and

Milligan (1994) procedure, for Pimelodus maculatus populations of the

Paranapanema river.

Subpopulations LP MP UP

LP ****

MP 0.9537 ****

UP 0.8919 0.8772 ****

Figure 2 - DNA polymorphism of Pimelodus maculatus from the Paranapanema river, amplified with primer OPW20. Column M = 50 bp molecular

weight marker. Columns 1 to 10 = Lower Paranapanema (LP); Columns 11 to 20 = Middle Paranapanema (MP); Columns 21 to 30 = Upper

Paranapanema (UP).

Figure 3 - Dendrogram constructed using the Jaccard coefficient and the

UPGMA method for Pimelodus maculatus in the Paranapanema river.

LP = Lower Paranapanema, MP = Middle Paranapanema, and UP = Upper

Paranapanema.



cially in cases of imminent risk of extinction. However, its

use as an environmental recovery strategy should be re-

viewed, as it is not advisable and has already caused irrepa-

rable damage to the environment (Vieira and Pompeu,

2001).

Conservation studies are very important and, when-

ever an endangered species that occupies a certain area is

structured, conservation strategy should aim at preserving

its diversity in that area, as there may already be local adap-

tation that will be lost if the population is mixed with oth-

ers. On the other hand, if the population of a species is

homogeneous throughout the region where it is found , then

it is recommended to concentrate protection of this species

on a single area, using individuals from this area to re-

colonize the others when necessary (apud Haig, 1998).

In the present study, two distinct situations were ob-

served that should be taken into account in the context of

conservation. In the Tietê river, the population was homo-

geneous throughout the area of occurrence of the species. It

would therefore be advisable, if necessary, to concentrate

its protection on a single area, and to use individuals from

that area to re-colonize the river. The results obtained from

the Paranapanema samples, however, showed that this river

has a structured population. Therefore, any conservation

strategy should attempt to preserve the difference between

the lower/middle and upper Paranapanema river

subpopulations. Any local adaptation would be lost if these

subpopulations were mixed.
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