
INTRODUCTION

Characiformes represents the dominant fish
group in Neotropical Region, with a large geo-
graphic distribution from Central America to
Patagonia, including a very wide diversity of
forms, either in morphology, physiology and adap-
tation traits. However, several taxonomic aspects
and phyletic relations between and within families
of this order remain obscure. According to NEL-
SON (1994), this fish group comprises about 10
families, with several subfamilies. Its also presents
interesting cytogenetical features, such as vari-
ability in chromosome number and formula, sex
determining systems, structural and/or numeric
and NOR polymorphisms, B-chromosomes,
among others. Some families, as Prochilodontidae,

are characterized by an apparent “conservatism”
in their karyotypic macrostructure, while other
groups, as Tetragonopterinae, show great kary-
otypic variability accompaning their morpholog-
ical diversity.

Until the beginning of the cytogenetic stud-
ies, the Erythrinidae family was seen without
major taxonomic problems, with only three gen-
era (Hoplias, Erythrinus, and Hoplerythrinus) and
few species largely distributed in lentic body
waters. However, from the first reports of BERTOL-
LO et al. (1978, 1979) it was evident that Hoplias
malabaricus does not represent a “single” taxo-
nomic entity, but rather a “species complex” com-
prising forms without sex chromosome hetero-
morphism, forms with an XX/XY sex chromo-
some system and a third group with multiple sex
chromosome systems (with multiple X or multiple
Y chromosomes) (BORN and BERTOLLO 2000;
BERTOLLO et al. 2000). Several cases of sympatric
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and even syntopic distinct karyotypes were
already found (SCAVONE et al. 1994; LOPES and
FENOCCHIO 1994; LOPEZ et al. 1998; BERTOLLO et
al. 2000).

In the present work two populations of H.
malabaricus from the first plateau of the Iguaçu
river basin (Paraná State, Brazil) were cytogenet-
ically studied, and new informations on the dis-
tribution of the chromosomal diversity in this fish
group were obtained.

MATERIALS AND METHODS

Specimens from two populations of Hoplias mal-
abaricus from the first plateau of the high Iguaçu riv-
er were cytogenetically analyzed. The 1st sample was
composed of nine individuals (5 females and 4 males)
from Canguiri farm (Piraquara). The 2nd one was com-
posed by 12 individuals (6 females and 6 males) from
Chácara da Paz (São José dos Pinhais). Both localities
are not far from Curitiba city (Paraná State, Brazil).

Chromosomal preparations were obtained by the
direct air drying technique (BERTOLLO et al. 1978)
and short term kidney cells culture (FENOCCHIO et
al.1991). The chromosomes were stained with Giem-
sa (5%, 10 minutes) and C- and NOR-banded accord-
ing to SUMNER (1972) and HOWELL and BLACK (1980),
respectively. The karyotypes were arranged as BORN

and BERTOLLO et al. (2001).

RESULTS

Canguiri Farm, Piraquara
This population has a diploid number of 42

biarmed chromosomes, comprising 10 metacen-
tric (M) pairs and 11 submetacentric (SM) pairs.
No heteromorphism between males and females
was observed (Fig. 1 a, b). The nucleolar orga-
nizing regions (NORs) were polymorphic in
number and located at telomeric sites of 2 to 6
chromosomes. In some cases, NORs were found
on both telomeres of a metacentric chromosome
(Fig. 1 d). C-banding showed pericentromeric
heterochromatin in most of the chromosomes,
as well as some interstitial heterochromatic seg-
ments (Fig. 1 c).

Chácara da Paz, São José dos Pinhais
All specimens of this sample have also 2n=42

biarmed chromosomes. However, while a medi-
an-sized subtelocentric (ST) pair occurs in the
female karyotype (12M + 8SM + 1ST), the male

specimens show only one of such chromosome
type, together with a single small SM, character-
izing a possible sex chromosome system of the
XX/XY type (Fig 2 a, b). As in the former pop-
ulation, the NORs were polymorphic and the C-
bands were seen in a preferential pericentromer-
ic location (Fig. 2 c, d).

DISCUSSION

According to several reports, Hoplias mal-
abaricus appears to constitute a “species com-
plex”, including at least seven groups with distinct
karyotypic features (BERTOLLO et al. 2000). Some
of these groups showing 2n=40 and 2n=42 chro-
mosomes, and without heteromorphism between
sexes, can be characterized on the basis of their
chromosomal morphology and formulae. On the
other hand, a form that also presents 2n=42 chro-
mosomes, but with an XX/XY sex chromosome
system, can also be found (BORN and BERTOLLO

2000). In addition, there are forms that show mul-
tiple sex chromosome systems, including multiple
X (X1X1X2X2 / X1X2Y) or multiple Y (XX /
XY1Y2) chromosomes (BERTOLLO et al. 1997a, b,
2000). Some situations in which distinct cytotypes
occur in sympatry and/or in syntopy have been
reported (BERTOLLO et al. 2000). They include
both cytotypes without a sex chromosome het-
eromorphism, such as 2n=40 + 2n=42 (LOPEZ

and FENOCCHIO 1994; LOPEZ et al. 1998) as well
as cytotypes without a sex chromosome system
together with cytotypes showing differentiated
sex chromosomes, such as 2n=40 + 2n=39/40:
X1X1X2X2 / X1X2Y (SCAVONE et al. 1994) or
2n=42 + 2n=42: XX/XY (BORN 2000).

Hoplias malabaricus from Canguiri farm has
2n=42 chromosomes without a sex heteromor-
phism. Its karyotype is quite similar to that
described by BORN and BERTOLLO (2001), show-
ing a chromosomal formula composed by 20
metacentric + 22 submetacentric chromosomes.
The population from Chácara da Paz also shows
2n=42 chromosomes, but with a probable
XX/XY sex heteromorphism. These data are in
agreement with the report of BORN and BERTOL-
LO (2000), the females having a median sized sub-
telocentric pair, corresponding to the X chromo-
some, and the males showing only one of these
chromosomes besides another small submeta-
centric, the Y chromosome. It was not possible to
identify if the X chromosome carries ribosomal
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Fig. 1 – Chromosomes of Hoplias malabaricus from Fazenda Canguiri. a: female karyotype; b: male karyotype (Giemsa stain);
c: C-banding; d: Ag-NORs.

a

b



196 LEMOS, FENOCCHIO, BERTOLLO and CESTARI

Fig. 2 – Chromosomes of Hoplias malabaricus from Chácara da Paz. a: female karyotype; b: male karyotype (Giemsa stain);
c: C-banding; d: Ag-NORs. Sex chromosomes are shown in the details.



genes, as occur with the X chromosome of the
Hoplias malabaricus population reported by
BORN and BERTOLLO (op. cit.).

The present data clearly indicate that at the
first plateau of the Iguaçu river, as observed in
other Brazilian regions, distinct cytotypes are
found for “H. malabaricus species”, both belong-
ing to the group with 2n=42 chromosomes. The
Iguaçu basin shows a high endemism rate for sev-
eral fish groups and it was proposed that the
occurrence of Hoplias malabaricus in this river
could be due to human introduction (SAMPAIO

1988; DERGAM et al. 1998). However, some other
possibilities can also be considered concerning
its presence in this basin. Indeed, the H. mal-
abaricus cytotype with 2n=42 chromosomes, with-
out a sex heteromorphism, shows a large distrib-
ution through the southeast and south Brazil,
which is present in several rivers from the Paraná
state, reaching Uruguay and Argentina (BERTOL-
LO et al. 2000). Thus, the occurrence of this cyto-
type in the Iguaçu river does not discard its pres-
ence in this hydrographic system before the geo-
graphical isolation of the basin. On the other
hand, the cytotype 2n=42, with an XX/XY sex
chromosome system, appears to have a more
restricted distribution, being till now detected in
some populations from the Brazilian East basins
(BERTOLLO et al. 1979; BORN and BERTOLLO 2000,
2001) and in the Iguaçu river (present study).
Thus, the presence of this cyotype in these basins
could be better explained through dispersion,
although this occurrence seems not to have been
frequent in the Iguaçu river (SAMPAIO 1988). The
hypothesis that cytotype 2n=42 (XX/XY) would
be derived from the cytotype 2n=42 (homomor-
phic), through differentiations from isolated pop-
ulations inside the Iguaçu basin, is not supported
by the above evidences. It not seems also proba-
ble that two distinct karyotypic forms have been
equally introduced in this river system. Thus,
while the endemism of the Iguaçu basin is a valid
occurrence for several fish species, it appears to be
not applied for some other species, as the two H.
malabaricus cytotypes, which are also represented
in other Brazilian hydrographic basins.

REFERENCES

BERTOLLO L.A.C., BORN G.G., DERGAM J.A.,
FENOCCHIO A.S. and MOREIRA-FILHO O., 2000
– A biodiversity approach in the neotropical Ery-

thrinidae fish, Hoplias malabaricus. Karyotypic
survey, geographic distribution of cytotypes and
cytotaxonomic considerations. Chromosome Res.,
8: 603-613.

BERTOLLO L.A.C., FONTES M.S., FENOCCHIO A.S.
and CANO J., 1997a – The X1X2Y sex chromo-
some system in the fish Hoplias malabaricus. I. G-
C- and chromosome replication banding. Chro-
mosome Res., 5: 493-499.

BERTOLLO L.A.C., MOREIRA-FILHO O. and FONTES
M.S., 1997b – Karyotypic diversity and distribu-
tion in Hoplias malabaricus (Pisces, Ery-
thrinidae): Cytotypes with 2n=40 chromosomes.
Brazil. J. Genet., 20: 237-242.

BERTOLLO L.A.C., TAKAHASHI C.S. and MOREIRA-
FILHO O., 1978 – Cytotaxonomic considerations
of Hoplias lacerdae (Pisces, Erythrinidae). Brazil.
J. Genet., 1:103-120.

–, 1979 – Karyotypic studies of two allopatric popu-
lations of the genus Hoplias (Pisces, Ery-
thrinidae). Brazil. J. Genet., 2: 17-37.

BORN G.G., 2000 – Estudo da Diversidade Cari-
otípica no Grupo Hoplias malabaricus (Pisces,
Erythrinidae). Cariótipo 2n=42. PhD Thesis.
Universidade Federal de São Carlos, Sao Paulo,
Brazil.

BORN G.G. and BERTOLLO L.A.C., 2000 – An
XX/XY sex chromosome system in a fish species,
Hoplias malabaricus, with a polymorphic NOR-
bearing X chromosome. Chromosome Res., 8:
111-118.

–, 2001 – Comparative cytogenetics among allopatric
populations of the fish, Hoplias malabaricus.
Cytotypes with 2n=42 chromosomes. Genetica,
110: 1-9.

DERGAM J.A., SUZUKI H.I., SHIBATTA O.A., DUBOC
L.F., JÚLIO JR. H.F., GIULIANO-CAETANO L. and
BLACK W.C., 1998 – Molecular biogeography of
the Neotropical fish Hoplias malabaricus (Ery-
thrinidae: Characiformes) in the Iguaçu, Tibagi
and Paraná rivers. Genet. Mol. Biol., 22: 493-496.

FENOCCHIO A.S., VENERE P.C., CESAR A.C.G., DIAS
A.L. and BERTOLLO L.A.C., 1991 – Short term
culture from solid tissues of fishes. Caryologia, 44:
161-166.

HOWELL W.M. and BLACK D.A., 1980 – Controlled
silver-staining of nucleolus organizer regions with
a protective colloidal developer: a 1-step method.
Experientia, 36:1014-1015.

LOPEZ P.A., ALBERDI A.J., DERGAM J.A. and FENOC-
CHIO A.S., 1998 – Cytotaxonomy of Hoplias mal-
abaricus (Osteichthyes, Erythrinidae) in the
Aguapey river (Province of Corrientes, Argenti-
na). Copeia, 2: 485-487.

LOPEZ P.A. and FENOCCHIO A.S., 1994 – Confir-
mation of two different cytotypes for the neotrop-

KARYOTIPIC STUDIES ON TWO HOPLIAS MALABARICUS POPULATIONS 197



ical fish Hoplias malabaricus (Gill 1903)
(Characiformes). Cytobios, 80: 217-221.

NELSON J.S., 1994 – Fishes of the world. 3rd edi-
tion, John Wiley & Sons Ltd., New York.

SAMPAIO F.A.A, 1988 – Estudos Taxonômicos Pre-
liminares dos Characiformes (Teleostei, Ostario-
physi) da Bacia do Rio Iguaçu, com Comentários
sobre o Endemismo dessa Fauna. MSc Disserta-
tion. Universidade Federal de São Carlos, São
Paulo, Brazil.

SCAVONE M.D., BERTOLLO L.A.C., CAVALLINI
M.M., 1994 – Simpatric occurrence of two kary-
otypic forms of Hoplias malabaricus (Pisces, Ery-
thrinidae). Cytobios, 80: 223-227.

SUMNER A.T., 1972 – A simple technique for demon-
strating centromeric heterochromatin. Expl. Cell
Res., 75: 304-306.

Received February 1, 2002; accepted March 28, 2002

198 LEMOS, FENOCCHIO, BERTOLLO and CESTARI


