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ABSTRACT. Among catfish species of the genus Rhamdia reported 
for the Brazilian territory, R. quelen is the most widespread, be-
ing found in nearly all hydrographic basins of Brazil. Nowadays, R. 
quelen is a synonym for at least 47 other species in this genus, its 
taxonomic status still being controversial. The available cytogenetic 
reports show a wide variation in the karyotypic macrostructure, with 
the frequent presence of supernumerary chromosomes. The remark-
able cytogenetic variability associated with taxonomic issues in 
this species indicates that R. quelen is actually a species complex. 
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In order to carry out a wide comparative cytogenetic study in R. 
quelen from southern and southeastern Brazil and examine a species 
complex, we analyzed the chromosomes of 14 populations from the 
main hydrographic basins of these two regions. Using classic and 
molecular cytogenetic techniques, we found seven distinct karyo-
typic formulae, all bearing 2n = 58 chromosomes. Supernumerary 
chromosomes were present in most of the populations; their num-
ber, size and C-banding pattern allowed us to differentiate popula-
tions with similar karyotypic compositions. We examined patterns 
of chromosomal evolution as well as the probable mechanisms in-
volved in the origin and morphological differentiation of their su-
pernumerary chromosomes.

Key words: Karyotype; Supernumerary chromosomes; Rhamdia;
Heterochromatin; Non-disjunction

INTRODUCTION

The Neotropical ichthyofauna is extremely rich and diverse, comprising 50% 
of the world’s freshwater species. According to Reis et al. (2003), there are about 6000 
fish species described in the Neotropics, distributed among 71 families and 25 orders. 
Heptapteridae is a strictly Neotropical fish family, comprising small- to medium-sized 
catfishes. Some species are widespread throughout this region, being found from south-
ern Mexico to southern Argentina (Pinna, 1998), including, for instance, Rhamdia quelen 
(Silfvergrip, 1996).

Rhamdia quelen is one of the 12 valid species in the genus Rhamdia (Bockmann, 
2007), being currently recognized as a synonym for 47 previously described species in the 
Central and South Americas, including R. voulezi, R. branneri, R. hilari, and R. sapo (Silfver-
grip, 1996). As it is the species with the largest distribution range in this genus, R. quelen is 
also the most widely studied, including both morphological and cytogenetic research.

Morphological studies carried out by Silfvergrip (1996), in the last review of the 
genus Rhamdia, showed that specimens of R. quelen exhibit a series of morphological 
differences when specimens from distant geographic regions are compared. However, 
this author points out that these differences might be a consequence of sampling con-
straints, inasmuch as when more samples along the occurrence range of this species 
become available, the morphological differences among them are insufficient for their 
distinction. Therefore, he proposes that R. quelen is the only Rhamdia representative 
whose distribution includes the entire Neotropical region, sometimes living in sympatry 
with congeneric species.

From a cytogenetic point of view, six species of Rhamdia have been chromosom-
ally characterized (Garcia et al., 2003). However, following the taxonomic review by 
Silfvergrip (1996), all these species were summarized into R. quelen, and thus this would 
be the only Rhamdia species for which cytogenetic information is available. The cytoge-
netic data show a wide variation of the karyotype macrostructure, with differences in the 
karyotypic formulae of the various populations (Garcia et al., 2003), which reinforces the 
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hypothesis of the existence of a species complex for R. quelen.
Another remarkable cytogenetic feature observed in R. quelen is the frequent pres-

ence of supernumerary or B chromosomes, responsible for intra- and interindividual varia-
tion in the chromosome number in the various populations (Garcia et al., 2003). Supernu-
merary chromosomes are considered to be one of the major dilemmas in fish cytogenetics, 
because their function and origin remain unclear; they seem to be dispensable genetic ele-
ments with no visible phenotypic effects on the carriers and would therefore be neutral to 
natural selection (Carvalho et al., 2008).

Supernumerary chromosomes are relatively frequent in fish species, and new reports 
about their presence in fish species continue to appear as new populations are analyzed. The 
largest number of observations of such chromosomes has been reported for the order Chara-
ciformes, followed by Siluriformes and, at a lower frequency, for other fish groups. Within 
the Siluriformes, supernumerary chromosomes have already been reported in representa-
tives of the families Callichthyidae, Heptapteridae, Loricariidae, Pimelodidae, and Tricho-
mychteridae (Carvalho et al., 2008).

The supernumerary chromosomes present in some populations of R. quelen vary 
in size, shape and C-banding pattern, being composed, in most cases, of medium-sized 
metacentric chromosomes that can be totally (Vissoto et al., 1999; Garcia et al., 2003) or 
partially heterochromatic (Maistro et al., 2002), or else entirely euchromatic (Abucarma 
and Martin-Santos, 2001; Moraes et al., 2007). Different from other Siluriformes spe-
cies, in which supernumerary chromosomes are considered to be isolated events, the high 
frequency of these chromosomes in R. quelen suggests they are a cytogenetic feature of 
this species.

Adopting the classification proposed by Silfvergrip (1996), our goal was to carry 
out an extensive comparative cytogenetic analysis of several populations of R. quelen from 
the main hydrographic basins in southern and southeastern Brazil, in order to determine the 
trends of karyotypic evolution within this species and provide a better characterization of 
the supernumerary chromosomes present in these populations, inferring about their possible 
origin and evolution.

MATERIAL AND METHODS

Fourteen populations of R. quelen from the main hydrographic basins in the Bra-
zilian States of Paraná, São Paulo and Rio de Janeiro were analyzed (Table 1). Mitotic 
chromosomes were obtained following a technique adapted from Gold et al. (1990), 
using anterior kidney cells of the specimens and Hank’s medium for precise control of 
colchicine activity in vitro. Chromosomal morphology was determined according to 
the arm ration proposed by Levan et al. (1964) and the fundamental number (FN) was 
calculated taking into account the fact that metacentric (m), submetacentric (sm) and 
subtelocentric (st) chromosomes are two-armed and acrocentric (a) elements are one-
armed. The morphological classification of the supernumerary chromosomes (S) also 
followed Levan et al. (1964), although these elements were grouped separate from the 
standard karyotype.

Identification of nucleolar organizer regions (NORs) by silver nitrate staining fol-
lowed the procedure described by Howell and Black (1980), while chromosomal staining with 
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GC-specific fluorochromes was done using chromomycin A3 (CMA3), according to Schmid 
(1980), with slight modifications. The constitutive heterochromatin segments were detected 
by C-banding according to Sumner (1972); the exposure time to barium hydroxide was ad-
justed for each population, ranging from 45 s to 1 min (at 42°C). Fluorescent in situ hybridiza-
tion (FISH) was used to identify the number and location of ribosomal genes, according to the 
procedure described by Pinkel et al. (1986), using 18S rDNA (Hatanaka and Galetti, 2004) and 
5S rDNA (Martins and Galetti Jr., 1999) probes.

RESULTS

Approximately 50 cells were analyzed per specimen. Chromosomal counts allowed 
establishing a diploid number of 2n = 58 for all populations. All individuals in the populations 
bearing supernumerary chromosomes presented such additional chromosomes, which were 
responsible for intra- and interindividual variation in the chromosome number (Figures 1-7). 
We identified seven chromosomal formulae, so that some populations, although they shared 
the same karyotypic pattern, differed in the type and/or number of supernumerary chromo-
somes (Table 1).

Locality	 Number of	 2N	 Karyotype	 FN	 Number/size of	 C-banding pattern
	 individuals		  formula		  supernumerary	 of supernumerary
					     chromosomes	 chromosomes

Cascavel/PR - Oeste river (BP)	 5♀, 9♂	 58	 36m + 10sm + 12st	 116	 0	 -
(S 25°09’16.44’’/ W 53°19’40’’)
Cascavel/PR - Sangão stream (BP)	 6♀, 6♂	 58	 32m + 8sm + 12st + 6a	 110	 0-1 medium-sized	 2
(S 25°08’6.24’’/ W 53°21’37.5’’)
Angra dos Reis/RJ (PS)	 2♀, 6♂	 58	 40m + 10sm + 8st	 116	 0	 -
(S 22°53’11.4’’/ W 44°16’24.2’’)
São José River/RJ (PS)	 4♀	 58	 36m + 14sm + 8st	 116	 0-1 medium-sized	 1
(S 22°29’24’’/ W 44.3°36’20.7’’)
Paraíba do Sul River/RJ (PS)	 1♀	 58	 36m + 14sm + 8st	 116	 0-1 medium-sized	 1
(S 21°38’4.26’’/ W 42°02’1.92’’)
Araras/SP (AP)	 3♀, 4♂, 1?	 58	 40m + 10sm + 8st	 116	 0-5 small	 1
(S 22°22’59.6’’/ W 47°25’49.5’’)
Botucatu/SP - Capivara River (AP)	 1♂	 58	 44m + 12sm + 2st	 116	 0-1 medium-sized	 2
(S 22°52’12.5’’/ W 48°22’16.2’’)
Colina/SP (AP)	 1♀	 58	 36m + 10sm + 12st	 116	 0-5 small	 1
(S 20°44’38.1’’/ W 48°34’20’’)
Guapiara/SP (AP)	 9♀, 2♂	 58	 36m + 10sm + 12st	 116	 0	 -
(S 24°11’30.18’’/ W 48°32’0.8’’)
Iguape/SP (RI)	 1♀	 58	 36m + 10sm + 12st	 116	 0	 -
(S 24°36’1.6’’/ W 47°52’32.6’’)
Ipeúna/SP - Passa Cinco River (AP)	 4♀, 1♂	 58	 34m + 16sm + 8st	 116	 0-4 medium-sized	 1
(S 22°25’50.7’’/ W 47°41’47.1’’)
Mariápolis/SP - Fortuna stream (AP)	 12♀, 4♂	 58	 40m + 10sm + 8st	 116	 0-1 medium-sized	 1
(S 21º44’35.3’’/ W 51º18’28.9’’)
Piquete/SP (PS)	 2♀, 1♂	 58	 40m + 10sm + 8st	 116	 0-2 small	 3
(S 22°32’52.4’’/ W 45°1’19.4’’)
Sto. Antônio do Pinhal/SP (PS)	 5♂	 58	 30m + 14sm +12st + 2a	 114	 0-2 small	 3
(S 22°49’58.9’’/ W 45°44’8’’)

Table 1. Chromosomal data concerning the Rhamdia quelen populations.

AP = Upper Paraná River basin; BP = Lower Paraná River basin; PS = Paraíba do Sul River basin; RI = Ribeira 
do Iguape. FN = fundamental number. C-banding: (1) partially heterochromatic chromosomes - presenting 
heterochromatin only on terminal regions of both arms; (2) totally euchromatic; (3) totally heterochromatic. m = 
metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric.
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Figure 1. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. Santo Antônio do Pinhal and B. 
Sangão stream, Cascavel. Within the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 
staining and FISH with 18S rDNA probe.
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Figure 2. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. Ipeúna and B. Botucatu. Within 
the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 staining and FISH with 18S rDNA 
probe.
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Figure 3. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. Oeste river - Cascavel and B. 
Iguape. Within the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 staining and FISH 
with 18S rDNA probe.
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Figure 4. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. Guapiara and B. Colina. 
Within the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 staining and FISH with 
18S rDNA probe.
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Figure 5. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. São José River and B. Paraíba do 
Sul River. Within the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 staining and FISH 
with 18S rDNA probe.
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Figure 6. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. Angra dos Reis and B. 
Mariápolis. Within the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 staining and 
FISH with 18S rDNA probe.
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Figure 7. Giemsa-stained karyotypes in populations of Rhamdia quelen from A. Piquete and B. Araras. Within 
the boxes: the NOR-bearing pair after silver nitrate staining (AgNOR), CMA3 staining and FISH with 18S 
rDNA probe.
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Both GC-specific fluorochrome and silver nitrate staining, as well as FISH with 18S 
rDNA probes, showed a single NOR system in R. quelen. The NORs were located on short 
arms of a pair of submetacentric or subtelocentric chromosomes, depending on the population. 
Apparently, the NOR-bearing pair was identical among the populations with the same karyo-
typic formulae (Figures 1-7, boxes).

The number and location of 5S rRNA genes proved to be conserved in the popula-
tions, with fluorescent signals identified in the pericentromeric region on the long arms of a 
pair of metacentric chromosomes. The population from Mariápolis was the only one that had 
an additional 5S rDNA-bearing pair, characterized by a small pericentromeric mark on the 
short arms of a large subtelocentric pair (Figure 8).

Figure 8. Somatic metaphases of Rhamdia quelen. Arrows indicate the 5S rDNA sites identified by FISH in 
the populations from A. Angra dos Reis, B. Araras, C. Botucatu, D. Oeste river - Cascavel, E. Sangão stream - 
Cascavel, F. Colina, G. Guapiara, H. Iguape, I. Ipeúna, J. Mariápolis, K. Piquete, L. Paraíba do Sul River, M. 
São José River, N. Santo Antônio do Pinhal.
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Using C-banding, we observed small amounts of constitutive heterochromatin in 
all populations, represented by faint blocks distributed preferentially on NORs and close to 
centromeres. Terminal and interstitial C-bands were also visualized on some chromosomes. 
No cytogenetic marker was detected based on the C-bands within the standard karyotypes, 
demonstrating that C-banding in the A chromosomal complement does not differentiate these 
populations (Figure 9).

Figure 9. C-banded somatic metaphases in the populations of Rhamdia quelen from A. Angra dos Reis, B. Araras, 
C. Botucatu, D. Oeste river - Cascavel, E. Sangão stream - Cascavel, F. Colina, G. Guapiara, H. Iguape, I. Ipeúna, 
J. Mariápolis, K. Piquete, L. Paraíba do Sul River, M. São José River, N. Santo Antônio do Pinhal. Arrows indicate 
the supernumerary chromosomes.
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The supernumerary chromosomes that we identified were characterized by both intra- 
and interindividual numerical variation within those populations of R. quelen that bore them. The 
largest number of these chromosomes (five) was found in the populations from Pardo and Mogi-
Guaçu basins. In all populations, the additional chromosomes were metacentric and varied in 
size; usually, they were medium-sized, though sometimes they were small chromosomes (Table 
1). In both cases, some supernumerary chromosomes could only be identified precisely after C-
banding, as they were similar in size and shape to the chromosomes of the standard karyotype. 

Three patterns of C-banding were observed in the supernumerary chromosomes: 1) par-
tially heterochromatic chromosomes, with heterochromatin at terminal regions of both arms in 
all medium-sized supernumerary chromosomes and in some small ones; 2) totally euchromatic 
chromosomes, which were observed only in small elements, and 3) totally heterochromatic chro-
mosomes, identified only in the small supernumerary chromosomes (Figures 9 and 10). 

Figure 10. Schematic representation of the putative origin of supernumerary medium-sized metacentric 
chromosomes (Sm) in Rhamdia quelen from a non-disjunction event (red arrow) in a medium-sized metacentric 
chromosome from the standard complement (A). Afterwards, the supernumerary chromosomes followed 
independent evolutionary pathways, inasmuch as they remained as medium-sized metacentric chromosomes or 
underwent modifications in size (Ss = small supernumerary) and structure, like loss of euchromatin (blue arrows) 
or heterochromatin (black arrows). The dark regions in the figure indicate the heterochromatic blocks.

DISCUSSION

The modal chromosomal number of Siluriformes is 2n = 56, which according to 
Oliveira and Gosztonyi (2000) represents the ancestor diploid value within this group. Varia-
tions around this diploid number are usually associated with speciation processes and could 
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be a result of either chromosomal rearrangements or polyploidization (Oliveira et al., 1988).
The chromosome number in Heptapteridae ranges from 2n = 42 to 2n = 58 

(Oliveira, 2003). While some species in this family, such as the representatives of the 
genera Pimelodella and Imparfinis, show a remarkable variation in the diploid number, 
R. quelen invariably presents 2n = 58 chromosomes in all the populations that have been 
analyzed thus far. Since R. quelen is the most widely studied species, cytogenetically 
among the heptapterids, maintenance of this diploid number can be regarded as charac-
teristic of this species. 

In spite of the conservative diploid number, R. quelen has accentuated variability in the 
chromosome composition, with a predominance of bi-armed chromosomes. A similar situation 
is observed in other Siluriformes groups, such as the Auchenipteridae, Doradidae, Pimelodidae, 
and Pseudopimelodidae (Oliveira, 2003), as well as in some Characiformes, such as Anos-
tomidae, Chilodontidae, Paradontidae, and Prochilodontidae (Martins et al., 2000). Variations 
involving the karyotype formulae, with maintenance of diploid numbers, indicate that non-
Robertsonian rearrangements play a major role in chromosome evolution. Chromosomal inver-
sions (either peri- or paracentric) have been considered the main mechanisms of karyotypic 
changes within some Siluriformes groups (Garcia and Moreira-Filho, 2008).

We observed various karyotypic formulae in the populations of R. quelen (Table 1). 
Two formulae were detected in the lower Paraná River basin (32m + 8sm + 12st + 6a and 36m 
+ 10sm + 12st), three in the upper Paraná River basin (34m + 16sm + 8st, 36m + 10sm + 12st 
and 40m + 10sm + 8st) and three in the Paraíba do Sul basin (30m + 14sm + 12st + 2a, 36m 
+ 14sm + 8st and 40m + 10sm + 8st). The karyotypic formula of 36m + 10sm + 12st was the 
most frequent within the Paraná River basin, whereas 40m + 10sm + 8st was the commonest 
formula in the Paraíba do Sul River basin. 

Based on these data, together with previous reports (Garcia et al., 2003), we observed 
that karyotypes with fewer metacentric chromosomes (36 or less) present acrocentric chromo-
somes. When the sizes of the chromosomes in the distinct karyotypes were compared, the size 
proportion remained essentially the same. This feature can be considered a reliable indication that 
the changes in the chromosomal macrostructure probably derived from chromosomal inversions, 
making this kind of rearrangement the main mechanism of karyotypic modification in R. quelen.

A karyotypic pattern that characterizes R. quelen in a certain locality or hydrographic sys-
tem has not been established. Populations that share the same karyotypic pattern in the standard 
complement differ in the number, size and C-banding pattern of supernumerary chromosomes. 
Based on sequencing data of mitochondrial genes, it was shown that the genus Rhamdia has 
diverged very recently (Perdices et al., 2002), suggesting these animals are undergoing an initial 
process of karyotypic differentiation that would reinforce their reproductive isolation, leading to 
speciation. This fish tends to form reduced populations inhabiting small water systems that can 
provide distinct environmental conditions, favoring allopatric speciation, thereby explaining the 
remarkable variability in their karyotypic structure and in the supernumerary chromosomes.

The observation that the same karyotypic formula is present in different localities 
could be explained by adaptive convergence or by the maintenance of an ancestral karyotype. 
The hypothesis concerning maintenance of an ancestral karyotype depends on a physical con-
nection between the basins, in this case the lower and upper Paraná River. Headwater flow of 
rivers from the Paraná basin into the Paraíba do Sul basin (and vice-versa), as well as human 
activities, could result in the introduction of non-native forms into natural stocks. 
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Various methodologies for the identification of NORs in lower vertebrates are cur-
rently used, including silver nitrate and base-specific fluorochrome staining and in situ hybrid-
ization with ribosomal probes. Analysis of NORs in fish has been useful for the karyotypic 
characterization of many species, with several reported cases of polymorphic NORs in terms 
of localization (Feldberg et al., 1992) and size (Moreira-Filho et al., 1984). NORs have also 
been reported on sex chromosomes (Artoni and Bertollo, 2002) and on supernumerary ele-
ments (De Oliveira Dantas et al., 2007).

There is a predominance of single NORs located on short arms of submeta/subtelo-
centric chromosomes in R. quelen (Maistro et al., 2002). Cases of multiple NORs, although 
rare, have been reported (Abucarma and Martins-Santos, 2001); despite a larger number of 
sites, they follow a similar distribution pattern. The number and location of NORs have also 
been confirmed by CMA3 staining and in situ localization of 18S ribosomal genes (Garcia et 
al., 2003; Swarça et al., 2003; Moraes et al., 2007). 

We observed that the nucleolar-bearing pair was conserved among populations with 
the same karyotype, and when the karyotypic formulae were different, the chromosomes of the 
NOR-bearing pair were of a similar size. Very likely, this chromosome pair is shared among 
the distinct chromosomal forms, since they are, in general, one of the few chromosomes with 
characteristic heterochromatic blocks, coinciding with NORs. However, this hypothesis can 
only be tested by more refined methodologies or microdissection.

There is little information about the localization of 5S ribosomal genes in fish. The 
available data so far are quite variable for the known species, revealing that these genes may 
be present on a single chromosome pair (Martins and Galetti Jr., 1999; Kavalco et al., 2004), 
or in multiple pairs (Almeida-Toledo et al., 2002; Kavalco et al., 2004); syntenic or not to the 
45S ribosomal genes (Kavalco et al., 2004), or even on sex chromosomes (Morán et al., 1996).

We observed a prevalence of pericentromeric 5S rDNA clusters. According to Martins 
and Galetti Jr. (1999), the localization of such genes in an internal position would give greater 
protection for these sequences, avoiding transposition and crossing events, usually more frequent 
in terminal regions. This could contribute to the highly conserved nature of these sequences in 
relation to the 45S rRNA genes, which are commonly located in subtelomeric regions. The non-
syntenic localization of 45S rRNA genes that we observed is a frequent condition in fish. 

Except for the population from Mariápolis, which had two 5S rDNA-bearing chromo-
some pairs, possibly as a result of translocation, the R. quelen populations had a single pair 
carrying these genes, also maintaining a pericentromeric location. A high variability in both 
number and localization of 5S ribosomal genes has been reported among genera and species 
within the Siluriformes (Kavalco et al., 2004). Rhamdia quelen is one of the few species that is 
conservative in the chromosome pair bearing 5S rDNA cistrons. The maintenance of number 
and localization of 5S ribosomal genes has also been reported in other fish groups, such as in 
the genus Astyanax (Almeida-Toledo et al., 2002).

Heptapterids usually have reduced amounts of heterochromatin, mainly distributed with-
in pericentromeric and terminal regions (Swarça et al., 2003), although interstitial marks (Vis-
soto et al., 1999) and polymorphic heterochromatic regions (Vasconcelos and Martins-Santos, 
2000) have also been reported. Most representatives of this fish group have small chromosomes, 
and the bands are usually faint, hindering precise observation of heterochromatin segments.

Studies made of R. quelen have revealed small amounts of heterochromatin spread 
throughout the chromosomes, while NORs comprise one of the few regions in the heterochromatin 



381

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 9 (1): 365-384 (2010)

Trends of karyotypic evolution in Rhamdia quelen

that are clearly visible (Fenocchio et al., 2002). In some populations lacking supernumerary chro-
mosomes, one or two pairs of medium-sized metacentric chromosomes carry conspicuous hetero-
chromatic blocks at a terminal position on both arms (Garcia et al., 2003, Martinez et al., 2008). 

Supernumerary chromosomes are a karyotypic feature that have been detected in sev-
eral populations of R. quelen from different hydrographic systems. Since these chromosomes 
share a similar morphology and a C-banding pattern showing divergent karyotypic structure 
among populations (this paper; Maistro et al., 2002; Fenocchio et al., 2003), they apparently 
have a common origin, prior to chromosomal diversification within the group. Consequently, 
the finding of distinct supernumerary chromosomes in populations with the same karyotypic 
formulae appears to be a good indication that these chromosomes evolved independently.

In general, specimens of R. quelen from the same population share a single type of 
supernumerary chromosome; the simultaneous presence of more than one type of B chromo-
some in the same individual has never been reported. The supernumerary chromosomes of R. 
quelen can vary in number among cells of individuals, as observed in all populations reported 
here, indicating that these chromosomes have an irregular behavior during cell division, prob-
ably because they lack Mendelian segregation (Jones and Rees, 1982). Other fish groups, 
such as Astyanax and Prochilodus, can bear more than one type of B chromosome within a 
population (Néo et al., 2000); in some cases they present mitotic stability or even segregation 
distortion between sexes (Moreira-Filho et al., 2004).

Currently, there are hypotheses about the possible origin of supernumerary chro-
mosomes. The most accept ones refer to non-disjunction of an autosomal chromosome and 
the formation of isochromosomes (Carvalho et al., 2008). According to Moreira-Filho et al. 
(2004), since most supernumerary chromosomes are metacentric, this would strongly favor 
their origin from isochromosomes. Maistro et al. (2002) also proposed that the extra chromo-
somes of R. quelen are isochromosomes formed through a transverse division in the centro-
meric region of one chromosome in the standard karyotype bearing terminal heterochromatic 
blocks, thus explaining the biterminal C-bands on these supernumerary chromosomes.

According to Abucarma and Martins-Santos (2001) and Maistro et al. (2002), the het-
erochromatin distribution at both terminal regions of metacentric chromosomes corresponds 
to the C-banding pattern of supernumerary chromosomes. However, besides such a banding 
pattern being totally euchromatic or totally heterochromatic, small metacentric chromosomes 
have also been observed in R. quelen (this paper; Abucarma and Martins-Santos, 2001; Garcia 
et al., 2003; Moraes et al., 2007).

Metacentric chromosomes bearing terminal heterochromatic regions on both arms have 
been reported in the karyotype of other species in the families Auchenipteridae, Doradidae, Hep-
tapteridae, and Pimelodidae (de Souza et al., 2004), including some populations of R. quelen 
without supernumerary chromosomes (Martinez et al., 2008). Since the C-bands in these chromo-
somes are conspicuous and easily detected when compared to the reduced and faint terminal het-
erochromatic blocks in other chromosomes of R. quelen, the supernumerary chromosomes in this 
species might have been derived from the chromosomes in the standard karyotype, most likely, 
as a result of chromosomal non-disjunction. Afterwards, these extra chromosomes have probably 
undergone different evolutionary pathways, involving the loss of either euchromatic regions or 
terminal heterochromatin blocks. These events would explain the observation that medium-sized 
supernumerary chromosomes invariably present biterminal C-bands, while the small supernumer-
ary chromosomes can be euchromatic, heterochromatic or partially heterochromatic (Figure 10). 
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According to Silva and Yonenaga-Yassuda (2004), when the supernumerary chromo-
somes are formed by non-disjunction, a series of structural changes follows through muta-
tions or chromosomal rearrangements, resulting in a complete lack of homology and pairing 
between the supernumerary and the standard chromosomes. These events could explain the 
absence of A chromosomes bearing biterminal C-bands in populations with supernumerary 
chromosomes and why they are still found in populations without additional chromosomes.

The presence of different supernumerary chromosomes in R. quelen and their con-
siderable numerical variation (up to seven chromosomes per individual) could be related to 
the inert and dispensable nature of supernumerary chromosomes. Therefore, changes in their 
structure and number might not affect their carriers in a way that would fix these elements in 
the populations (Néo et al., 2000).

Our data, together with the available cytogenetic reports on R. quelen, indicate that 
many of the karyotypic features in this group are conserved, including diploid number, location 
and number of both NOR and 5S rDNA sites, and even the C-banding pattern in the standard 
chromosomes. The high degree of variability in the chromosomal macrostructure is likely to be 
caused by non-Robertsonian rearrangements, mainly inversions. Currently, it is not possible to 
establish a karyotypic pattern to differentiate the populations or the hydrographic basins in which 
they occur, since several chromosomal features are shared by these populations, including the 
presence, morphology and structure of supernumerary chromosomes. To accomplish this, such 
studies should be expanded in this fish group to include a larger distribution area within these 
hydrographic basins, since previous reports involve geographically distant populations and do 
not provide information that would allow us to infer about hybrid forms or gene flow among 
populations that share the same karyotypic formula but distinct supernumerary chromosomes.

In summary, this information about chromosome patterns and biodiversity of R. quelen 
raises interesting questions about the evolution of supernumerary chromosomes in this species. 
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