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Cytogenetic studies were performed in two syntopic species of Characidium, C. lauroi and Characidium sp. cf. C. alipioi,
from Ribeirão Grande, Paraı́ba do Sul river basin. Both species have diploid number 2n=50 chromosomes, but differ in
chromosome shape, C-banding pattern and location of nucleolar organizing regions. In Characidium sp. cf. C. alipioi a
new type of ZW sex chromosome system composed of equal sized metacentric chromosomes is reported for the first time
in the genus Characidium. Species of Characidium with a sex chromosome system form a monophyletic group. Variations
in this system are interpreted as resulting from geographic isolation among allopatric species.
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The neotropical Characidiinae comprise a group of
relatively small (usually less than 10 cm standard
length) fishes of the order Characiformes widely dis-
tributed in freshwater systems between Panama and
eastern Argentina. The group was recently removed
from the Characidae along with the Crenuchinae, and
included in a separate, monophyletic family
Crenuchidae (BUCKUP 1998). The group is a
monophyletic unit (BUCKUP 1993a) including 80
nominal species, of which 71 are currently considered
valid. A phylogenetic hypothesis of relationships is
available for most taxa (BUCKUP 1993c). The hypoth-
esis includes representatives of 8 genera, but recently
described taxa still require detailed phylogenetic eval-
uation (e.g. Skiotocharax, PRESSWELL et al. 2000;
Geryichthys, ZARSKE 1997). Characidium is the most
diverse and widespread characidiin genus including
59 nominal taxa, of which 48 are regarded as valid
species, usually occurring in small headwater streams.
The genus is poorly diagnosed (BUCKUP 1993c),
and several species are still undescribed or only re-
cently described (ZARSKE and GÉRY 2001; MELO

and BUCKUP 2002).
Cytogenetic studies of Characidium were initiated

in the last decade. According to these studies,
Characidium has a constant diploid number of chro-
mosomes (2n=50), but the karyotype structure is
variable regarding chromosome shape, presence of
B-chromosomes, sex chromosome systems, and natu-
ral occurrence of triploidy (MIYAZAUA and GALETTI

JR. 1994; MAISTRO et al. 1998; CENTOFANTE et al.
2001).

Here we present chromosome data for two sym-
patric species of Characidium from the southeastern
slope of Serra da Mantiqueira in southeastern Brazil.
One of the species has been identified as C. lauroi
Travassos, and the other may represent an unde-
scribed species, possibly related to C. alipioi Travas-
sos. The latter is here labeled as Characidium sp. cf.
C. alipioi. The karotypes of these species are de-
scribed, including a newly discovered form of ZZ/ZW
sex chromosome system found in Characidium sp. cf.
C. alipioi. The evolution of chromosome characters is
discussed relative to their geographic distribution and
available phylogenetic evidence.

MATERIAL AND METHODS

Chromosome analysis was carried out on 930
metaphases of Characidium sp. cf. C. alipioi (43 spec-
imens: 26 females and 17 males), and 620 metaphases
of C. lauroi (22 specimens: 14 females and 8 males).
The specimens were collected at córrego Ribeirão
Grande, a tributary of the Paraı́ba do Sul river
drainage, at Fazenda Vera Cruz (22°46’2.98’’S e
45°26’7.05’’W), in the municipality of Pindamon-
hangaba, State of São Paulo, Brazil. Voucher speci-
mens are deposited at the fish collection of the Museu
Nacional (MNRJ), Rio de Janeiro, under catalog
numbers MNRJ 22211 (Characidium sp. cf. C. alipioi,
individuals 14683, 14684, 14792, 14794, 14797, 14798,
14802, 14829), and MNRJ 22212 (C. lauroi, individu-
als 14686, 14795, 14801, 14803, 14804, 14805, 14806,
15081, 15078, 15079).
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Specimens previously identified as Characidium cf.
fasciatum in the study of MAISTRO et al. (1998) and
subsequently donated to MNRJ were reidentified in
the present study as Characidium sp. cf. C. gomesi, and
Characidium sp. aff. C. zebra. The former are regis-
tered under catalog numbers MNRJ 24025 (specimens
3196 to 3201), MNRJ 24028 (specimens 4411, 4412,
4416–4418, 4426, 4427, 4429–4431, 4434–4437), and
MNRJ 24031 (specimens 2747, 3103B, 3104, 3114,
3115). Two specimens from córrego da Quinta belong
to a different species and are currently registered
under MNRJ 24032 (specimens 3103A, 3113).

Mitotic chromosomes were obtained according to
the technique described by BERTOLLO et al. (1978).
Constitutive heterochromatin was detected using the
method described by SUMNER (1972), and silver-stain-
ing nucleolar organizer regions (Ag-NORs) were de-
tected with the technique described by HOWELL and
BLACK (1980). Sequential banding preparations fol-
lowed CENTOFANTE et al. (2002a). Chromosomal
morphology was determined according to their arm
ratios (LEVAN et al. 1964).

RESULTS

The karyotype of Characidium sp. cf. C. alipioi is
composed of 30 metacentric and 20 submetacentric
chromosomes (2n=50). The fundamental number
(number of chromosomal arms) is 100 (Fig. 1). Con-
stitutive heterochromatin occurs in pericentromeric
regions of all chromosomes in both sexes (Fig. 1b and
d). However, males and females differ in the C-band-
ing pattern of chromosome pair. In males both chro-
mosomes of this pair 1 exhibit telomeric
heterochromatin (Fig. 1d), while in females this is the
case in only one of the two chromosomes, the other
chromosome being completely heterochromatic (Fig.
1b). Such difference characterizes a ZZ/ZW sex chro-
mosome system. Ag-NORs are located in a single
chromosome pair, in the distal region of the long arm
of pair 16 (Fig. 1-box), coinciding with an heterochro-
matic region (Fig. 1b and d).

The karyotype of C. lauroi is composed of 24
metacentric, 24 submetacentric, and 2 subtelocentric
chromosomes (2n=50). As in the previous species the
fundamental number is 100 (Fig. 2). Constitutive
heterochromatin occurs in pericentromeric regions of
all chromosomes, and in the telomeric region of a few
chromosome pairs (Fig. 2b). No sex heteromorphism
was observed in this species. Ag-NORs are located on
the telomeric region of the chromosomes of pairs 5
and 23, being present up to three chromosomes. Most
often these ribosomal sites are present in two non-ho-
mologous chromosomes, as in the short arm of one
chromosome 5 and in the long arm of one chromo-

some 23 (Fig. 2-box). As in the previous species the
Ag-NORs are also coincident with small heterochro-
matic segments (Fig. 2b).

DISCUSSION

Both C. lauroi and Characidium sp. cf. C. alipioi have
the same diploid number of chromosomes (2n=50)
and fundamental number (100). However, they differ
in chromosome formula, location of ribosomal sites
(Ag-NORs), and C-banding pattern. In Characidium
sp. cf. C. alipioi a ZZ/ZW sex chromosome system is
present, while no sex chrosome heteromorphism was
detected in C. lauroi.

Heteromorphic sex chromosome systems are rela-
tively rare in neotropical freshwater fish, being
recorded in only 6 % of the species which have been
studied cytogenetically (CENTOFANTE et al. 2002b).
However, compared with other vertebrates, these sys-
tems are remarkably diverse, varying from simple
systems such as the ZZ/ZW and XX/XY to multiple
systems such as ZZ/ZW1W2, X1X1X2X2/X1X2Y, and
XX/XY1Y2 (MOREIRA-FILHO et al. 1993). Female
heterogamety is most frequent, corresponding to 65 %
of the recorded cases (CENTOFANTE et al. 2002b). In
the majority of simple systems there are marked
differences in the size and shape of the Y or W
chromosome. However, the number of systems with
minor morphological differences may be underrepre-
sented, because their detection may require special
chromosome analyses (ALMEIDA-TOLEDO et al. 1984;
HAAF and SCHMID 1984; NANDA et al. 1990; SOLA et
al. 1990; MOREIRA-FILHO et al. 1993).

Sex chromosome systems of the ZZ/ZW type have
been described for 3 Characidium species. MAISTRO et
al. (1998) first described a sex chromosome hetero-
morphism in two populations identified as ‘‘Characid-
ium cf. fasciatum’’ from the Paranapanema basin
(Paraná-Plata system). Based on external morphology
we identify most of the specimens analysed by
MAISTRO et al. (1998) as Characidium sp. cf. C. gomesi
(see Matherial and Methods, above). In this species
the sex chromosomes are represented by pair 19, and
have the same shape (submetacentric) and size. In
Characidium gomesi from the headwaters of the Rio
Grande basin (Paraná-Plata system) on northwestern
slope of the Serra da Mantiqueira, the Z chromosome
is a metacentric member of pair 2, and the W chromo-
some is a smaller submetacentric chromosome (CEN-

TOFANTE et al. 2001). In Characidium sp. cf. C. alipioi
(current study) the Z and W chromosomes have also
the same size and shape (metacentric), but correspond
to pair 1. In these three cases the W chromosome is
distinguished because it is completely heterochromatic
after C-banding.
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Fig. 1. Karyotypes of Characidium sp. cf. C. alipioi, with a: conventional Giemsa staining and b: C-banding of females and
c: conventional Giemsa staining and d: C-banding of males. The box surrounds the NOR-carrying pair. The bar is
equivalent to 5�m.

Characidium gomesi belongs to a relatively derived
monophyletic subset of Characidiinae that also in-
cludes C. fasciatum (BUCKUP 1992, 1993b). Characid-
ium sp. cf. C. alipioi is very similar to C. gomesi,
differing only in minor morphometric and coloration
details, and is likely to belong to the same
monophyletic group. MAISTRO et al. (1998) referred
to the two local populations from the Paranapanema
as ‘‘Characidium cf. fasciatum’’, also implying mem-
bership in that group. The distribution of ZW sex
chromosome systems with a completely heterochro-

matic W chromosome suggests that within the
Characidiinae this kind of mechanism is restricted to
a relatively small subset of species closely related to
C. gomesi. On the other hand, that system is absent in
other species of Characidium so far studied, including
populations provisionally assigned to C. zebra
(MIYAZAUA and GALETTI JR. 1994; MAISTRO et al.
1998; CENTOFANTE et al. 2001). Species with a fully
scaled breast and isthmus area such as C. zebra are
morphologically primitive and occupy a basal posi-
tion in the phylogeny of Characidium (BUCKUP
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Fig. 2. Karyotypes of Characidium lauroi with a: conventional Giemsa staining and b: C-banding. The box surrounds the
NOR-carrying chromosomes. The bar is equivalent to 5�m.

1993b). The lack of a differentiated sex chromosome
system is therefore a plesiomorphic condition for the
genus Characidium, while the ZW sex system seems to
be a synapomorphy of a relatively restricted subset of
species that includes at least some members of Clade
2 as diagnosed by BUCKUP (1993b).

Evolutionary differentiation in ZW sex chromo-
some systems may be associated with biogeographic
barriers. The forms exhibiting a completely hete-
rochromatic W chromosome are allopatric relative to
each other. The population from the Paraı́ba do Sul
drainage (present study) is currently isolated from the
two populations from the La Plata basin by the
Mantiqueira mountain range in the north and the
Arujá rise in the south. The Paranapanema and
Grande drainage both belong to the La Plata basin,
but their headwaters are widely separated by inter-
vening ridges and basins.

Female chromosome heteromorphism usually in-
volves an increase in size of the W chromosome due
to the accumulation of heterochromatin relative to
the Z chromosome (CENTOFANTE et al. 2001). The W
chromosome of C. gomesi from the Rio Grande basin

(Paraná-Plata system), however, is considerably
smaller than the corresponding Z chromosome (CEN-

TOFANTE et al. 2001). Among neotropical fish such
form of sex heteromorphism is known only in the
characid genus Triportheus. In this genus all species
studied exhibit a ZZ/ZW sex system and the size and
shape of the W chromosome is quite variable among
species when compared to the Z chromosome and the
general karyotype macrostructure (BERTOLLO and
CAVALLARO 1992; ARTONI et al. 2001). The differ-
ence in size between the sex chromosomes of C.
gomesi in the sample from the Rio Grande basin
(Paraná-Plata system) is more parsimoniously inter-
preted as an autapomorphy, because that species is
unrelated phylogenetically to Triportheus (BUCKUP

1998), and C. gomesi is more closely related to popu-
lations with equal-sized sex chromosomes.

The Ag-NORs in species of Characidium with sex
chromosomes occur in the terminal region of the long
arm of a large submetacentric, presumably home-
ologous chromosome. However, in other species of
Characidium the Ag-NORs are located in other types
of chromosomes and in different arrangements. In
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populations of C. cf. zebra, the Ag-NORs are lo-
cated in interstitial regions of the long arm of a
small submetacentric chromosome pair (MIYAZAUA

and GALETTI JR. 1994; CENTOFANTE et al. 2001).
In C. lauroi there are multiple Ag-NORs located in
small meta-submetacentric chromosomes (this
study). These data are consistent with the hypothe-
sis that species of Characidium with ZZ/ZW sex
chromosome systems are more closely related
among themselves than to species without such sys-
tems.

The occurrence of relatively closely related species
with and without differentiated sex chromosomes
living in syntopy or sympatry is suggestive that
these systems may be an important mechanism in
the maintenance of genetic isolation between coex-
isting species. Such occurrence has been observed in
Apareiodon (MOREIRA-FILHO et al. 1985), Leporinus
(GALETTI JR. et al. 1995), Hoplias (SCAVONE et al.
1994; BERTOLLO et al. 2000), Characidium (CENTO-

FANTE et al. 2001; present study) and Parodon
(CENTOFANTE et al. 2002b).
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