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Abstract

The family Gasteropelecidae is composed of three genera and eight species. This study shows that Thoracocharax
cf. stellatus has 2n = 52 chromosomes for both sexes. The five males studied showed 8 metacentric, 16
submetacentric, 4 subtelocentric, and 24 acrocentric chromosomes; the seven females showed only one
submetacentric chromosome, belonging to pair 11, and one extra acrocentric chromosome, smaller than all the other
chromosomes, characterizing the presence of a ZZ/ZW sex chromosome system in this species. Nucleolus
organizing regions (NORs) were detected on the short arms of the subtelocentric chromosome pair 13. Constitutive
heterochromatin was identified at pericentromeric and terminal positions in almost all chromosomes. The W
chromosome was almost entirely heterochromatic, except for a small terminal euchromatic segment. The analyses
of the amount of nuclear DNA found 2.18 ± 0.09 pg of DNA per diploid nucleus, without significant differences
between sexes. A discussion about the evolution of the sex chromosomes in this group is presented.
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Introduction

Gasteropelecidae is a small fish family composed of

three genera and eight species, all of small size (Gery,

1977). There are few cytogenetic data available for the

group. The species Carnegiella strigata has n = 25-26 chro-

mosomes according to Hinegardner and Rosen (1972),

n = 24 chromosomes according to Scheel (1973), and

2n = 48 chromosomes according to Crychanã et al. (1996).

The species Gasteropelecus sternicla has n = 27 chromo-

somes (Scheel, 1973), and Thoracocharax stellatus has

2n = 54 chromosomes (Venere and Galetti Jr, 1996; Miya-

zawa, 1997). Studies about the amount of nuclear DNA

showed that Carnegiella strigata and Gasteropelecus levis

have 2.8 pg of DNA per diploid nucleus (Hinegardner and

Rosen, 1972).

Most of the already karyotyped neotropical fishes do

not have differentiated sex chromosomes. Only 51 species

or local populations (5.75% of all species analyzed) have

sex chromosome systems, with 36 cases of female

heterogamety (68%) and 17 cases of male heterogamety

(32%) (Oliveira et al., 2000). Studies by Andreata et al.

(1992, 1993), Moreira-Filho et al. (1993), and Bertollo et

al. (2000) showed that species with different sex chromo-

some systems can be found in some taxonomic groups. The

present study describes the karyotype of Thoracocharax cf.

stellatus, showing that this species has a ZZ/ZW sex chro-

mosome system.

Materials and Methods

Cytogenetic analyses were performed on 12 speci-

mens (7 females and 5 males) of Thoracocharax cf.

stellatus collected in the São Francisco stream, Rio Branco,

Acre, Brazil. The fishes were identified and deposited in

the fish collection of the Laboratory for Fish Biology of the

Department of Morphology of the Institute of Biosciences

(Laboratório de Biologia de Peixes, Departamento de Mor-

fologia, Instituto de Biociências), UNESP, Botucatu, SP,

Brazil (LBP 192).

Chromosome preparation and staining followed the

techniques described by Foresti et al. (1993). At least 30

metaphases were analyzed for each specimen. Chromo-

some morphology was determined based on arm ratios, as

proposed by Levan et al. (1964). Nuclear DNA content was

determined according to Carvalho et al. (1998).
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Results

The modal diploid number of Thoracocharax cf.

stellatus was 2n = 52 chromosomes for both sexes. The

male karyotype was composed of 8 metacentric, 16 sub-

metacentric, 4 subtelocentric, and 24 acrocentric chromo-

somes (Figure 1). In the female karyotype, there was only

one chromosome number 11 (SM), identified as the Z chro-

mosome. In addition to this, the female karyotype showed

an exclusive acrocentric chromosome, smaller than all the

others, identified as the W chromosome (Figure 1).

Actually, the Z chromosome could not be clearly identified

by the methods employed in this study, so they were tenta-

tively considered as pair number 11.

The nucleolus organizer regions (NORs) were ob-

served on the short arm of pair 13 (ST), displaying a large

size polymorphism (Figure 1). The constitutive hetero-

chromatin was distributed over all the chromosomes,

mainly in pericentromeric and terminal positions. The short

arms of the chromosomes of pair 6 were almost entirely

heterochromatic. The W chromosome was heterochromatic

throughout almost all its extension, except for a small ter-

minal segment, which was euchromatic (Figure 2).

The analysis of the amount of nuclear DNA from 4

specimens (3 females and 1 male) showed that the females

had 2.17 ± 0.09 pg of DNA per diploid nucleus, and the

male had 2.22 ± 0.02 pg of DNA per diploid nucleus, so

there was no significant difference between sexes. The

mean value for the species was 2.18 ± 0.09 pg of DNA per

diploid nucleus.

Discussion

The presence of 2n = 52 chromosomes in

Thoracocharax cf. stellatus constitutes a new finding for

this genus, since previous studies conducted on two local

populations of Thoracocharax stellatus from the Araguaia

river, Amazon basin (Venere and Galetti Jr., 1996), and

from the São Bento river, Paraná-Paraguay basin
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Figure 1 - Karyotypes of Thoracocharax cf. stellatus. (a) male; (b) female. The sex chromosomes are indicated (ZZ and ZW). In the inset, the

NOR-bearing pair.



(Miyazawa, 1997), showed the presence of 2n = 54 chro-

mosomes and different karyotypic constitutions. The dif-

ferent diploid numbers found in Thoracocharax stellatus

suggest the existence of two different species, corroborat-

ing the results of preliminary morphological studies (Dr.

Heraldo A. Britski, personal communication).

The occurrence of a large number of subtelocentric

and acrocentric chromosomes in the karyotype is a com-

mon characteristic in the family Gasteropelecidae, also ob-

served in this study. However, this fish group is character-

ized by the occurrence of a non-conservative karyotype,

with a diploid number ranging from 2n = 48 to 2n = 52

chromosomes (Hinegardner and Rosen, 1972; Scheel,

1973; Crychanã et al., 1996; Venere and Galetti Jr., 1996;

Miyazawa, 1997; present study).

The NORs were identified on the short arms of a

subtelocentric chromosome pair in T. cf. stellatus, while in

T. stellatus they were identified in a terminal position on

the long arms of an acrocentric chromosome pair (Venere

and Galetti Jr., 1996; Miyazawa, 1997). Thus, these data

support the existence of a karyotypic differentiation among

these samples and the hypothesis that they belong to differ-

ent species.

The comparative study between the male and the fe-

male karyotypes of T. cf. stellatus showed that, while, in the

males, pair 11 is composed of two subtelocentric chromo-

somes, in the females there is only one element similar to

this pair, plus one small acrocentric chromosome not found

in the males. These findings suggest the existence of a

ZZ/ZW sex chromosome system in this species, the Z chro-

mosome being submetacentric, and the W a small

acrocentric chromosome. The presence of a sex chromo-

some system in T. cf. stellatus reinforces the evidence of a

divergent karyotypic evolution in this group.

Although most neotropical fish species do not have

differentiated sex chromosomes, some other kinds of sex

chromosome systems were already described in some fami-

lies (Andreata et al., 1992, 1993; Moreira Filho et al.,

1993). In certain groups, such as some species of Anosto-

midae (Galetti Jr. and Foresti, 1986) and Triportheinae

(Artoni, 1999), only the ZZ/ZW system was identified,

while in other groups, such as Parodontidae and Erythri-
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Figure 2 - Karyotypes of Thoracocharax cf. stellatus stained according to the C-banding technique. (a) male; (b) female. The sex chromosomes are indi-

cated. In the inset, a detail of the ZW sex chromosomes.



nidae, different sex chromosome systems were detected

(Moreira Filho et al., 1993). Among the Gasteropelecidae,

only T. cf. stellatus has differentiated sex chromosomes

(present study), while all other species studied are homo-

morphic with regard to sex chromosomes. These results

support the hypothesis of the differentiation of sex chromo-

somes in fishes having occurred independently in different

groups (Almeida-Toledo et al., 2000).

The first hypothesis proposed to explain the evolution

of the sex chromosomes in vertebrates suggests that the dif-

ferentiation of these chromosomes seems to have occurred

firstly by structural rearrangements, resulting in a system

that avoids the meiotic crossing-over between homologues.

These rearrangements may have been followed or not by

processes of heterochromatinization, with possible loss or

gain of genetic material by one of the original homologues.

Another hypothesis suggests an initial accumulation of

satellite DNA in one homologue of a chromosome pair,

leading to a heterochromatinization process and to the con-

sequent morphological differentiation of the sex chromo-

somes (Ray-Chaudhuri et al., 1971; Singh et al., 1980).

The evolutionary process of the sex chromosomes

seems to follow independent models in different fish

groups. Thus, in some species of Poecilidae (Haaf and

Schmid, 1984; Sola et al., 1990; Nanda et al., 1990) and of

Hypoptopomatinae (Andreata et al., 1992; Andreata et al.,

1993), the cytological differentiation of the sex chromo-

somes appears to be limited to the accumulation of hetero-

chromatic segments. This process probably gave origin to

the Y chromosome in Pseudotocinclus tietensis (Andreata

et al., 1992), and to the W chromosome in

Microlepidogaster leucofrenatus (Andreata et al., 1993),

both species belonging to the subfamily Hypoptopomatinae

(Loricariidae). In other cases, such as in the genus

Leporinus (Galetti Jr. and Foresti, 1986), an initial hetero-

chromatinization seems to have been followed by a process

of accumulation of heterochromatic segments, with the

consequent increase in size of the sex chromosome W in re-

lation to the original homologues. In contrast, in the genus

Triportheus, the heterochromatinization of the W chromo-

some was associated with a reduction of its size during the

evolution of the ZW sex system (Falcão, 1988; Bertollo and

Cavallaro, 1992). In T. cf. stellatus, a similar process seems

to have occurred. Indeed, considering that in this species

the putative Z chromosome has a small amount of constitu-

tive heterochromatin, and that the W chromosome is almost

entirely heterochromatic and the smallest in the comple-

ment, both a heterochromatinization process and a loss of

genetic material are involved in the differentiation of this

chromosome.

The analyses of the amount of nuclear DNA in the

Gasteropelecidae showed that the species Carnegiella

strigata and Gasteropelecus levis had 2.8 pg of DNA per

diploid nucleus (Hinegardner and Rosen, 1972). This value

is similar to that found for T. cf. stellatus, 2.18 ± 0.09 pg of

DNA per diploid nucleus, suggesting that only small

changes in the amount of nuclear DNA were fixed during

the evolutionary process of this group.

Based on morphological evidence, Eigenmann

(1910) suggested that the fishes of the family Gastero-

pelecidae could constitute the sister group of Triportheinae

and Cynodontidae. On the other hand, Weitzman (1960),

suggested that the morphological similarity among Gas-

teropelecidae, Triportheinae, and Cynodontidae might rep-

resent only an adaptive convergence. The presence of a

ZZ/ZW sex chromosome system in T. cf. stellatus and in

the species of Triportheinae (Artoni, 1999) supports the ex-

istence of some kind of relationship between these groups.

The cytogenetic study of other species and/or popula-

tions of Gasteropelecidae will be very important for the es-

tablishment of the evolutionary relationships inside the

group, and for a better understanding of the origin of differ-

entiated sex chromosomes in this fish family.
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