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ABSTRACT

A study was made of the frequency of B-chromosomes and the population density of Astyanax scabripinnis
paranae (Pisces, Characidae, Tetragonopterinae) from three stretches of the Cascatinha stream (Botucatu, SP).
In the first stretch the population was estimated to be about 212 individuals and among 35 karyotyped
specimens, 23 carried one macro B-chromosome; in the second stretch the population was estimated to be
about 650 individuals and among 20 specimens karyotyped, two possessed one macro B-chromosome; in
the third stretch the population was estimated to be about 107 individuals and among 10 specimens
karyotyped, one carried one macro B-chromosome. A significant difference was observed in the frequency
of macro B-chromosomes in females (57%) and males (8.7%) (P = 0.0001). These data suggest that the
B-chromosome frequency and the populational density are not directly related. The hypothesis of the
existence of some adaptive effect conferred by the B-chromosomes to the specimens from the first stretch of

the Cascatinha stream is presented and discussed.

INTRODUCTION

The species Astyanax scabripinnis presents sev-
eral interesting peculiarities for evolutionary studies,
i.e., a large number of subspecies described (Fowler,
1948), geographic distribution restricted to the headwa-
ters of small streams (Gomes and Azevedo, 1960),
phenotypic plasticity (Moreira-Filho and Bertollo, 1991;
Maistro, 1991), and high chromosomal diversity (see
references in Souza et al., 1995). Moreover, some local
populations have a high incidence of individuals carry-
ing macro B-chromosomes (Salvador and Moreira-
Filho, 1992; Maistro et al., 1994; Vicente et al., 1996;
among others).
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Many aspects related to B-chromosomes have
been intensively investigated in the last years (Beucke-
boom, 1994). Moreover, several theoretical studies have
shown that the probability of the fixation of chromo-
somal rearrangements is positively correlated with the
adaptive value that they confer to a local population,
and with the population structure where they occur
(Lande, 1985). The main objective of the present investi-
gation was to study the relationship between the popu-
lation density of A. s. paranae and the frequency of
occurrence of macro B-chromosomes in local popula-
tions of A. s. paranae from three stretches of a small
stream.

MATERIAL AND METHODS

Cytogenetic studies were conducted on sam-
ples of Astyanax scabripinnis paranae (Pisces, Characidae,
Tetragonopterinae) collected from three stretches of the
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Cascatinha stream (S 22°53'30" W 48°28’36"), a small
tributary of the Tieté River, Botucatu, SP, Brazil (Figure
1) from April to May, 1995. The first stretch, about 300
m long, is located about 880 m above sea level and
comprises the headwaters. This habitat is characterized
by a slight downward steep, a small volume of water,
sandy bottom, and little stream-side vegetation. The
second stretch, about 500 m long, is located about 860
m above sea level and comprises the medium course of
the stream. In this segment, the habitat is characterized
by a marked downward steep, the volume of water
increases, the bottom is generally stony, and a lot of
stream side vegetation, with many trees can be found;
this stretch ends in a small lake. The third stretch, about
800 m long, is located about 820 m above sea level and
comprises the final course of the stream before it dis-
gorges into the river. The habitat in this stream segment
is characterized by a small downward steep, a large
volume of water, sandy bottom, and by the occurrence
of some stream-side grass vegetation.

The karyotypic study was conducted on 65
specimens (42 females and 23 males). Chromosome
spreads and the staining technique were performed as
described by Foresti et al. (1993). The fishes used in
cytogenetic analysis were identified and deposited in
the fish collection of the Laboratory of Fish Biology,
UNESP, Botucatu, SP, Brazil.

The analyses of population density of A. s.
paranae were performed according to the multiple
census method, described by Schumacher and
Eschmeyer (1943 as cited by Krebs, 1989). During the
first collect all specimens collected were marked with
India ink, which was injected in the dorsal part of the
fish body (red color for the first stretch, black for the
second stretch and green for the third stretch), and
immediately returned to the
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Figure 1 - Collection sites of Astyanax scabripinnis parange in the
Cascatinha stream (S 22°53'30" W 48°28°36""), Botucatu, SP, Brazil: 1,
first stretch (headwater region); 2, second stretch (middle course); 3,
third stretch (final course).

marking the fishes because it does little damage to the
fish and because it facilitated identification. According
to previous experiments conducted in our laboratory,
the marks remain perfectly readable for about three
months (Porto-Foresti, personal communication).

Fisher’s exact test (Zar, 1984) was used for comi-
parison of the frequency of occurrence of B chromo-
somes between males and females.

RESULTS AND DISCUSSION

The cytogenetic analysis revealed a diploid
number of 2n = 50 chromosomes in 39 animals of both
sexes (8m + 22sm + 10st + 10a). The other 26 individuals
presented 2n =51 chromosomes, the extra chromosome
being a macro B-chromosome (Figure 2 and Table I).
This karyotype and the presence of a macro B chro-
mosome were previously related in a study performed
in this local population by Maistro et al. (1994). The
present analysis showed that the frequency of B chro-
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Figure 2 - Somatic metaphases of Astyanax scabripinnis paranae from the Cascatinha stream with
2n =50 chromosomes (a) and 2n = 51 chromosomes (b) stained with Giemsa. The arrow indicates
the B-chromosome. Bar = 10 um.
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Table I - Occutrence of specimens of Astyanax scabripinnis paranae
without (2n = 50) and with (2n = 51) B-chromosomes in the Cascatinha
stream.

Locality Specimens with2n=50  Specimens with 2n =51
(®/0) (®/0)

First stretch 04/08 21702

Second stretch 09/09 02/00

Third stretch 05/04 01/00

mosomes in specimens from this stream is about 40%
(Table I). The frequency of B chromosomes in fish popu-
lations ranges from 3.6% in Characidium cf. zebra to 100%
in Moenkhausia sanctafilomenae (see references in Salva-
dor and Mareira-Filho, 1992). The observed frequency
of 40% in A. s. parange is within this distribution interval.

Karyotypic analyses performed in local popu-
lations of A. scabripinnis have shown that usually only
one macro B-chromosome is found in each fish as was
observed in the present investigation (see references in
Maistro et al., 1994). However, the occurrence of two
macro B-chromosomes was also reported for three other
populations of A. scabripinnis (Vicente, 1994; Néo and
Moreira-Filho, 1995).

A significative difference was observed in the
frequency of macro B-chromosomes in females (57.1%)
and males (8.7%) of A. s. paranae from Cascatinha (P =
0.0001). Similar differences were also observed in
several local populations of A. scabripinnis with similar
macro B-chromosome (Salvador and Moreira-Filho,
1992; Maistro et al., 1992; Maistro et al., 1994; Migozuchi
and Santos, 1995; Néo and Moreira-Filho, 1995; Vicente
et al., 1996). Moreover, in a study of reproductive
biology of A. scabripinnis from a natural population
from Fazzari stream (Sdo Carlos, SP, Brazil), a higher
proportion of females (63%) than males was observed
(Barbieri, 1992).

A possible explanation for the higher frequency
of B-chromosomes in females could be the occurrence
of gynogenesis in this species (Vicente et al., 1996); thus,
spermatozoon could induce the embrionary develop-
ment of a diploid egg without contribution in the future
chromosome constitution of the progeny. However, in
a population of A. scabripinnis from the Jucu River,
which presents a system of medium-sized B-chromo-
somes, only males carried B-chromosomes (Rocon-
Stange and Almeida-Toledo, 1993). Unfortunately, the
sex ratio of this population is not known. The results
cited above permit to suggest an alternative hypothesis
to explain the excessive occurrence of B-chromosomes
in one sex, that is the B-chromosomes could be related
with the production of some directional effect in the
gonadal development.

The application of multiple census method
showed that during the period analyzed, about 212
fishes inhabited the first stretch of the Cascatinha
stream (the 95% confidence limits on estimated popu-
lation size were 99 and 983); about 650 fishes inhabited
the second stretch (the 95% confidence limits on
estimated population size were 339 and 1.420), and
about 107 fishes inhabited the third stretch (the 95%
confidence limits on estimated population size were 67
and 191). No one fish was found out of its original place
of capture, suggesting that during that period of the
year there was no movement of fishes between these
stretches of the stream. However, considering that the
captures were performed in a short period of time, it is
not possible to know if some movement occurs in other
periods of the year. Although in the literature no
information could be found about population density
of A. scabripinnis, the data obtained showed that the
presence of a larger fish number in the first and second
stretches are in accordance with observations of Gomes
and Azevedo (1960) that this species is best adapted to
the headwaters of streams or small rivers.

Among 35 specimens karyotyped in the first
stretch, 23 had B-chromosomes; in the second stretch
B-chromosomes were found in two among 20 karyo-
typed animals; and in the third stretch B-chromosomes
were found in one among'10 karyotyped specimens. All
frequencies calculated were accepted as representatives
of the real frequency of B chromosomes in each popula-
tion, but the small sample sizes in the second and third
stretches could result in sampling errors. Similar results
were obtained by Néo and Moreira-Filho (1995) in a
study performed in Astyanax scabripinnis from the
Ribeirao Grande stream where the frequency of B chro-
mosomes ranged from 65.8% in a stretch located 1920 m
above sea level to zero in a stretch located 700 m above
sea level.

A comparative analysis of B-chromosome fre-
quency and populational density data shows that these
two parameters are not directly related; thus the
frequency of B-chromosomes in fish of the second and
third stretch is identical, in spite of the fact that these
populations present a very different number of indi-
viduals. The high frequency of B-chromosomes found
in fish from the first stretch of the Cascatinha stream
could be maintained by genetic drift or, alternatively,
be related to an adaptive effect conferred by the pres-
ence of B-chromosomes and specific ecological charac-
teristics found in this habitat.

Experiments conducted with rye showed that
under conditions of increasing stress and mortality,
selection favors plants without Bs (Rees and
Hutchinson, 1973). Considering the observations of
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Gomes and Azevedo (1960) that A. scabripinnis has a
limited distribution due to their specific environmental
requirements, and the population data obtained in the
present investigation, we suggest that local populations
in the second and third stretches of Cascatinha stream
may be suffering a selective pressure against fish with
B-chromosomes. Alternatively, B-chromosomes found
in A. s. paranae could confer a selective advantage to
fishes living in the first stretch, with no advantage for
fish from the other stretches.
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RESUMO

Um estudo comparativo foi realizado em exempla-
res de Astyanax scabripinnis paranae, envolvendo a freqiiéncia
de individuos portadores de cromossomos B e a densidade
populacional desta espécie em trés trechos consecutivos do
cérrego da Cascatinha (Botucatu, SP). No primeiro trecho, a
populagio foi estimada em cerca de 212 individuos e, entre os
35 espécimes cariotipados, 23 (65,7%) apresentaram um ma-
crocromossomo B; no segundo trecho, a populagéo foi esti-
mada em cerca de 650 individuos e, entre os 20 espécimes
cariotipados, 2 (10%) apresentaram um macrocromossomo B;
no terceiro trecho, a populagio foi estimada em cerca de 107
individuos e, entre os 10 espécimes cariotipados, 1 (10%)
apresentou um macrocromossomo B. Uma diferenca signifi-
cativa foi observada na freqiiéncia do cromossomo B presente
nas fémeas (57,1%) em relagiao aos machos (8,7%) (P = 0,0001).
Esses dados sugerem que a freqiiéncia de cromossomos B e a
densidade populacional nédo estdo diretamente relacionadas.
Ahipétese de ocorréncia de algum efeito adaptativo conferido
pelos cromossomos B aos peixes do primeiro trecho do
cérrego da Cascatinha é apresentada e discutida.
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