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ABSTRACT 
 
The cytogenetic data available in the literature about the ichthyofauna of the Iguaçu River basin were 
analyzed in this review. The ichthyofauna was characterized by the high level of endemism and by the low 
diversity of species. Twenty-four of the eighty-one species were already karyotyped; six Characiformes, 
fourteen Siluriformes and four Perciformes. The chromosomal data showed the taxonomic and systematic 
complexity of the groups. Hypothesis related to the evolution of some Characiformes and Siluriformes 
groups from the Iguaçu River are proposed, as well as the utilization of karyotypic data for 
cytotaxonomy. 
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INTRODUCTION  
 
The neotropical fauna is composed by near 8000 
species and is considered as the most diverse 
epicontinental ichthyofauna in the world (Vari and 
Malabarba, 1998). Nearly 1000 species have been 
karyotyped so far, mostly by the Brazilian 
researchers (Brum and Galetti Jr., 1997; Almeida-
Toledo, 1998). These studies permitted a better 
comprehension of some taxa with a not well-
resolved taxonomy, besides establishing 
evolutionary relations in several groups. The 
ichthyofauna of the Iguaçu River basin was 
isolated from the Paraná River since the rise of the 

Iguaçu Falls 22 million years ago, that probably 
allowed the considerable endemism of this 
ichthyofauna (Sampaio, 1988; Lucinda, 1995; 
Garavello et al., 1997), which was estimated as 
75% (Zawadski et al., 1999). Besides, the 
damming of some parts of the river as a result of 
tectonic reactivations (Bigarella et al., 1961) 
would have promoted alterations in the 
environments resulting in the low diversity of fish 
species in the Iguaçu River basin (Júlio Jr. et al., 
1997). Nowadays, 81 species of Teleostei are 
known in the Iguaçu River basin (Ingenito et al., 
2004), including three exotic species. This study 
aimed to present a review of all data about the 
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cytogenetics of the fishes from the Iguaçu River 
and also on some taxonomic and evolutionary 
aspects of its ichthyofauna. 
 
 
MATERIAL AND METHODS 
 
Table 1 shows the information available about the 
karyotype of fishes from the Iguaçu River basin. 
The nomenclature and classification of the fishes  
followed basically Malabarba et al. (1998), Reis et 
al. (2003), Ingenito et al. (2004) and the current 
database in FishBase systematic (Froese and 
Pauly, 2007). The chromosomal anatomy and 
morphology permit to establish the karyotype of 
the species, mainly using: number of 
chromosomes of the diploid group (2N); 
fundamental number (FN), which represented the 
number of chromosomal arms of the complement; 
type of chromosomes, classified in metacentrics 
(m), submetacentrics (sm), subtelocentrics (st) and 
acrocentrics (a) according to the arms relation of 
Levan et al. (1964); karyotypic formula, 
represented by the quantity of each type of 
chromosome. Other diagnostic data were also 
observed here, such as the presence of sexual 
chromosomes; presence of B chromosome system; 
cases of natural triploidy (3N), besides a marker 
for the ribosomal gene activity by the use of the 
colloidal silver in the marking of the nucleolus 
organizing regions (NORs). 
 
 
RESULTS AND DISCUSSION 
 
The cytogenetic studies in the fishes from the 
Iguaçu River are still scarce. Most of the available 
data are found in the abstracts published in the 
materials of symposia and congresses. However, 
tendencies of karyotypic evolution might be seen 
as well as the use of karyotypic data for the 
taxonomy and systematic might be done. In 
neotropical fishes, pioneer data for the 
cytotaxonomy were presented by Bertollo et al. 
(1978) for Hoplias malabaricus. These data were 
also systematized in a checklist for the karyotypic 
diversity of neotropical fishes by Oliveira et al. 
(1988). Only twenty-four of the eighty-one 
species recognized at the moment for the Iguaçu 
River have been karyotyped (Table 1). Six of these 
species corresponded to Characiformes (25,00%), 
fourteen to Siluriformes (58,33%) and four to 

Perciformes (16,67%). However, this number was 
probably higher because in some other studies the 
individuals were not identified at the level of 
species. 
 
Characiformes 
For this order, most of the available studies are 
about species of the genus Astyanax. According to 
Sampaio (1988), Almiron et al. (2002), 
0Azpelicueta et al. (2002) and Ingenito et al. 
(2004), the Iguaçu River contained at least ten 
species of Astyanax. Astyanax altiparanae, found 
all over the upper Paraná River basin, had its 
origin in the Iguaçu River mainly through 
introductions, as determined by Prioli et al. (2002) 
through molecular markers. The cytogenetic data 
showed that this might have occurred more than 
once through different stocks. The Astyanax of the 
Iguaçu River received the denominations Astyanax 
sp. B, A. sp. C, A. sp. D, A. sp. E and A. sp. F. 
Although these taxonomic entities were not 
nominal species yet, they were easily distinguished 
from each other and are clearly diagnosed in the 
reference literature (Severi and Cordeiro, 1994; 
Garavello et al., 1997; Ingenito et al., 2004; 
Kantek et al., 2007). 
Checking the data from Table 1, interpopulation 
differences could be identified in the nucleolus 
organizing region (NORs) of the species Astyanax 
sp. B, Astyanax sp. C and. A. altiparanae, 
suggesting an absence of gene flow between the 
samples from different places. Besides, in 
Astyanax sp. B and A. altiparanae, there were also 
differences in the fundamental number (FN) and in 
the karyotypic formula. Ribeiro (2004), using C-
banding in Astyanax sp. B, observed high 
differences in the quantity of heterochromatins 
comparing samples from the middle and upper 
Iguaçu River. These information emphasized the 
taxonomic and systematic complexity of the 
group. 
The samples of Oligosarcus longirostris also 
differed in the NORs as well as in the fundamental 
number (FN) and karyotypic formula significantly. 
Hoplias malabaricus was an example of the 
complex species. Seven different karyotypic types 
(cytotypes A, B, C, D, E, F, G) were identified for 
this taxon all over its distribution (Bertollo et al., 
2000). The cytotypes A and B were found in the 
Iguaçu River, and according to Vicari et al. (2006), 
one of these types could be found in the basin even 
before the geographic isolation 22 million years 
ago. However, Dergam et al. (1998), using RAPD 
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(Random Amplified Polymorphism DNA) 
molecular markers, considered that the samples 
from the Iguaçu River were originally from the 
Tibagi River. Sampaio (1988) suggested that the 
Characiformes were already very differentiated 
before the isolation of the Iguaçu River. The idea 
that the cytotype A of H. malabaricus could 
already be found in the basin before the isolation 
corroborates this hypothesis. 

The diploid number varied from 2n = 42 (H. 
malabaricus) to 2n = 54 (Glandulocauda 
melanopleura), and the modal number was 2n = 
50. According to Oliveira et al. (1988), Brum and 
Galetti Jr (1997), Fenocchio et al. (2003b) and 
Carvalho et al. (2002), the modal number for the 
order were 2n = 54. This discrepancy might be a 
result of the small number of taxa analyzed until 
now. 

 
 
Table 1 - Karyologic data of the fishes from the Iguaçu River. Karyotypic variations are in parenthesis: Astyanax sp. 
B – two cytotypes; Hoplias malabaricus and Steindachneridium sp. – sexual system, males in parenthesis. X = 
presence, -- = absence. S = simple, M = multiple. 

Taxa Locality/River 2n FN Katyotype  B crom. NOR system 3n Ref. 

Characiformes    m sm st a     

  Characidae            

    Tetragonopterinae            

      Astyanax altiparanae Piraquara  50 94 6 30 8 6 -- S -- 1 

      Astyanax altiparanae Nova Prata do Iguaçu  50 88 12 10 16 12 -- M -- 2 

      Astyanax altiparanae -- 50 90 10 26 4 10 -- M -- 3 

      Astyanax sp. -- 50 86 6 26 4 14 -- M -- 4 

      Astyanax sp.B Nova Prata do Iguaçu 50 86 12 12 12 14 -- M -- 5 

      Astyanax sp.B São Mateus do Sul 50 86 6 24 6 14 -- S -- 6 

      Astyanax sp.B Salto Segredo reservoir 50 84 6 16 12 16 -- S -- 7 

      Astyanax sp.B Guarani river  50 84(88) 6 28(32) 16(12) -- M -- 6 

      Astyanax sp.B Piraquara  50 88 4 22 12 12 -- M -- 8 

      Astyanax sp.B Salto Caxias reservoir  50 86 6 24 6 14 X -- -- 9 

      Astyanax sp.C Várzea river 50 84 6 28 16 -- M -- 10 

      Astyanax sp.C Piraquara  50 84 4 22 8 16 -- S -- 11 

      Astyanax sp.C São José dos Pinhais  50 84 4 22 8 16 -- M -- 11 

      Astyanax sp.D Bicudo river  50 84 4 24 6 16 -- -- -- 12 

      Astyanax sp.D Upper Iguaçu river basin  50 84 4 24 6 16 -- -- -- 12 

      Astyanax sp.D Poço Claro river  50 84 4 24 6 16 -- -- -- 12 

      Astyanax sp.D Piraquara  50 84 4 24 6 16 -- M X 13 

      Astyanax sp.E Várzea river  50 84 6 28 16 -- M -- 10 
      Hyphessobrycon 
reticulatus São Mateus do Sul  50 100     -- -- -- 14 

    Acestrorhynchinae            

      Oligosarcus longirostris Quedas do Iguaçu  50 80 4 10 16 20 -- S, pair 21, a -- 15 

      Oligosarcus longirostris Iguaçu National Park  50 84 6 16 12 16 -- S, pair 22, a -- 16 

      Oligosarcus longirostris -- 50 82 2 20 10 18 -- M -- 17 

      Oligosarcus longirostris Guarani river  50 80 4 26 20 -- M -- 18 

   Glanduloclaudinae            
      Glandulocauda 
melanopleura Headwaters of Iguaçu river 54 94 8 18 14 14 -- -- -- 19 

      Mimagoniates microlepis Piraquara and Pequeno river  52 96 12 18 14 8 -- -- -- 20 

  Erythrinidae            

      Hoplias malabaricus São José dos Pinhais  42 84 24 16(17) 02(01) -- -- M -- 21 

      Hoplias malabaricus Piraquara  42 84 10 22 -- -- -- M -- 21 

      Hoplias malabaricus Palmeira  42 84 24 18 -- -- -- M -- 22 
(Cont. ...)
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(Cont. Table 1) 

Taxa Locality/River 2n FN Katyotype  B crom. NOR system 3n Ref. 

      Hoplias malabaricus Nova Prata do Iguaçu  42 84 24 18 -- -- -- M -- 23 

Siluriformes            

  Auchenipteridae            

      Glanidium ribeiroi Salto Caxias reservoir  58 112 28 16 10 4 -- S, pair 17, sm -- 24 

      Glanidium ribeiroi Quedas do Iguaçu  58 108 24 14 12 8 -- S, pair 1, m -- 25 

  Callichthyidae            

      Callichthys callichthys Upper Iguaçu river basin 58 -- -- -- -- -- X M -- 26 

      Corydoras paleatus Quedas do Iguaçu  44 88 44 -- -- -- M -- 27 

      Corydoras paleatus Salto Caxias Reservoir 44 86  18 24 2 -- M -- 28 

      Corydoras paleatus Upper Iguaçu river basin  44 88 20 24 -- -- -- M -- 29 

  Pimelodidae            

      Heptapterus hollandi Quedas do Iguaçu  42 78 22 10 4 6 -- S, pair 13, sm -- 30 

      Pimelodus ortmanni Palmeira 56 -- -- -- -- -- -- S, sm -- 31 

      Pimelodus ortmanni Quedas do Iguaçu 56 102 20 12 14 10 -- S, pair 18, st -- 32 

      Pimelodus ortmanni Salto Caxias reservoir 56 106 24 18 8 6 X S, pair 4, st  -- 33 

      Pimelodus sp. Salto Caxias reservoir 56 110 24 26 4 2 -- S, st -- 34 

      Pimelodus sp. Salto Caxias reservoir  56 108 30 14 8 4 X S, pair 4, st  -- 33 

      Rhamdia branneri Quedas do Iguaçu  58 112 30 10 14 4 X S X 35 

      Rhamdia quelen Guarapuava  58 112 36 14 4 4 X S -- 36 

      Rhamdia quelen Upper Iguaçu river basin  58 116 32 16 6 4 X S, st -- 37 

      Rhamdia sp. Guarapuava 58 112 36 14 4 4 X M -- 36 

      Rhamdia voulezi Guarapuava  58 112 36 14 4 4 X S, pair 29, a -- 36 

      Rhamdia voulezi Quedas do Iguaçu 58 112 30 10 14 4 -- S, pair 28, m -- 38 

      Steindachneridion sp. Foz do Jordão 56 102 20(21) 24(23) 2 10  S, pair 24, a -- 39 

  Trichomyteridae            

      Trichomycterus davisi  Três Barras 54 108 40 12 2 -- -- S, pair 2, m X 40/41 

      Trichomycterus davisi  Lapa 54 108 42 10 2 -- -- S, pair 2, m -- 42 
      Trichomycterus 
stawiarski  Três Barras 54 108 42 8 4 -- -- S, pair 2, m -- 40 

      Trichomycterus sp. Três Barras  54 108 42 10 2 -- -- S, pair 2, m -- 40 

  Loricariidae            

      Ancistrus sp. Salto Segredo reservoir 48 92 18 14 12 4 -- S, st -- 43 

      Ancistrus sp. Salto Caxias reservoir 50 -- 
eight cytotypes * 

-- S, st -- 43 

      Ancistrus sp. Alto Alegre river 50 88 12 14 12 12 -- S, pair 21, a -- 44 
      Hypostomus 
albopuntactus São João river 74 114 8 18 14 34 -- S -- 45 

      Hypostomus commersoni Quedas do Iguaçu 68 104 10 18 8 32 -- M -- 45 

      Hypostomus derby Quedas do Iguaçu  68 102 10 8 16 34 -- M -- 45 

      Hypostomus myersi Quedas do Iguaçu 74 118 12 14 18 30 -- S -- 45 

Perciformes            

  Cichlidae            

      Cichlasoma facetum São Mateus do Sul 48 58  10 38 -- S, a -- 46 

      Crenicichla iguassuensis Quedas do Iguaçu 48 66 2 4 12 30 -- S, pair 2, sm -- 47 

      Crenicichla iguassuensis Iguaçu National Park 48 66 2 4 12 30 -- S, pair 2, sm -- 47 

      Crenicichla iguassuensis Salto Caxias reservoir 48 74 8 40 -- S, pair 1, m -- 48 

      Geophagus brasiliensis São Mateus do Sul 48 54 -- 6 42 -- S, a -- 46 

      Geophagus brasiliensis Salto Caxias reservoir 48 52 4 44 -- S, a -- 49 
(Cont. ...)
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(Cont. Table 1) 

Taxa Locality/River 2n FN Katyotype  B crom. NOR system 3n Ref. 

      Tilapia rendalli Salto Caxias reservoir 44 54 10 34 -- S, sm -- 49 

      Tilapia rendalli -- 44 62 -- 10 8 26 -- M -- 49 
References: 1 = Domingues (2006); 2 = Cenci and Margarido (1999); 3 = Porto and Martins-Santos (2001); 4 = Fauaz et al. (1990); 5 = Barros 
and Margarido (1999); 6 = Robaina and Cestari (1998a); 7 = Dias and Júlio Jr (1996); 8 = Ribeiro (2004); 9 = Fazoli et al. (2003); 10 = Dalabona 
and Cestari (1995); 11 = Kantek et al. (2003); 12 = Kantek (2005); 13 = Kantek  et al. (2007); 14 = Robaina and Cestari (1998b); 15 = Rubert and 
Margarido (2007); 16 = Cunha et al. (2001); 17 = Martinez and Júlio Jr. (2000); 18 = Cestari (1996); 19 = Sass et al. (2003); 20 = Nardino et al. 
(2004);  21 = Lemos et al. (2002); 22 = Vicari et al. (2003); 23 = Vicari et al. (2006), 24 = Ravedutti and Júlio Jr. (2001); 25 = Roman and 
Margarido (2000); 26 = Maurutto et al. (2006); 27 = Kavalco and Margarido (2000); 28 = Santi and Martins Santos (2001)  29 = Oliveira et al. 
(1993); 30 = Roman and Margarido (2002); 31 = Terencio et al. (2001); 32 = Margarido and Gavasso (2000); 33 =  Borin and Martins-Santos 
(2004); 34 = Souza (2003); 35 = Roman and Moreira-Filho (2002); 36  = Abucarma and Martins-Santos (2001); 37 = Fenocchio et al. (2003a); 38 
= Margarido and Roman (2000); 39 =  Swarça (2003); 40 = Borin and Martins-Santos (1999); 41 = Borin and Martins-Santos (2002); 42 = Sato 
et al. (2004); 43 = Lara (1998); 44 = Tchaicka and Margarido (2000); 45 = Casale et al. (2002); 46 = Quijada and Cestari (1999); 47  = Margarido 
et al. (2001); 48 = Mizoguchi and Martins-Santos (1999); 49 = Mizoguchi (2005). * cyt. 1 = 18m+8sm+10st+14a; cyt. 2 = 18m+9sm+6st+17a; 
cyt. 3 = 18m+8sm+11st+13a; cyt. 4 = 18m+10sm+10st+12a; cyt. 5 = 15m+8sm+15st+12a; cyt. 6 = 19m+8sm+11st+12a; cyt. 7 = 
16m+8sm+10st+16a; cyt. 8 = 18m+10sm+12st+10a. 

 
 
Siluriformes 
Until 1995, only one species of the genus 
Pimelodus was known in the Iguaçu River 
(Pimelodus ortmanni). Garavello and Shibatta 
(1995) registered a new species using 
morphological features (Pimelodus sp.). 
Isoenzyme (Renesto et al., 2000) and 
chromosomal (Borin and Martins-Santos, 2004) 
data corroborated that it was really a new species. 
According to Borin and Martins-Santos (2004), 
Pimelodus sp. was more similar to P. maculatus 
(collected in the Paraná River basin) than to P. 
ortmanni and, in this way, like in the 
Characiformes, these two species could exist 
before the rise of the Iguaçu Falls. 
Silfvergrip (1998) suggested that Rhamdia voulezi 
and R. branneri of the Iguaçu River were 
synonymous of Rhamdia quelen. The similarity in 
the karyotypic formula supported this hypothesis 
(Table 1). However, there were karyotypes with 
simple and multiple NORs, which might be 
indicating that these taxa were really different 
species. Abucarma and Martins-Santos (2001), 
based on the differences in the B chromosomes, 
considered that R. branneri, R. voulezi and 
Rhamdia sp. were distinct taxonomic entities. 
Thus further studies would be necessary and 
would help to solve the taxonomy of this group. 
Sato et al. (2004), based on chromosomal data, 
suggested that there were at least two groups of 
Trichomycterus cis-Andean species. The species 
of the Iguaçu River fit in the second group, which 
had two relevant features: (1) the two largest 
metacentric (m) pairs of chromosomes were 
similar in size and also were significantly bigger 
than the other metacentric chromosomes; and (2) 
the NORs were interstitial and located in a big pair 

of metacentric chromosomes. These features were 
also found in species like T. paolence (Torres et 
al., 1998), T. diabolus (Torres et al., 2004) and 
Trichomycterus aff. itatiayae (Sato et al., 2004).  
The last one was collected in the Tibagi River 
basin, whereas the other two were originally from 
the Paranapanema River basin, both relatively 
close to the Iguaçu River basin. Chromosomal 
similarities and the proximity in the geographic 
distribution might be the evidence of a possible 
common origin for these species. 
The Hypostomus species of the Iguaçu River could 
be grouped into two cladograms; one composed by 
species with 68 chromosomes and other by the 
species with 74 chromosomes. Casale et al. (2002) 
related these two groups to body coloration and 
isoenzyme patterns. Other hydrographic basins 
also have species with 2n = 68 and 2n = 74 
chromosomes (Artoni and Bertollo, 2001), 
showing that the origin of these two groups was 
earlier than 22 million years, when there was no 
geographic barrier between the Iguaçu River and 
other basins. However, Montoya-Burgos (2003) 
proposed that the main geological/cladogenetic 
episode in the evolutionary history of the genus 
Hypostomus occurred between 12 and 4 million 
years ago. In this way, the occurrence of this genus 
in the Iguaçu River due to upper river captures 
from other basins after the formation of the Iguaçu 
Falls was a hypothesis that must be considered. 
Weitzman et al. (1988) and Ingenito et al. (2004) 
suggested a historical relationship (upper river 
captures) between the Iguaçu River and adjoining 
basins. 
The diploid number in the order varied from 2n = 
42 (Pariolius hollandi) to 2n = 74 (Hypostomus 
myersi and H. albopuntactus) and the modal 
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number was 2n = 58, same data observed by 
Oliveira et al. (1988). 
 
Perciformes 
The data of this study agreed with the ones in the 
literature (Fenocchio et al., 2003b), which 
registered a highly conservative tendency with 
karyotypes composed by 2n = 48 chromosomes 
and simple NORs. The karyotypic formulas of the 
Perciforme species analyzed in the present study 
indicated a predominance of acrocentric 
chromosomes, while two armed chromosomes 
were more often found in Characiformes and 
Siluriformes. These data agreed with the 
chromosomal evolutionary tendencies reported by 
Oliveira et al. (1988) and Fenocchio et al. (2003b). 
Thus, karyotypic data should be real for the 
cytotaxonomy of fishes from the Iguaçu River 
basin. These is need for the majority of the fish 
species already described from this region, as in 
Astyanax, Hoplias and Rhamdia, and the 
enlargement of the access to the karyotype of 
species not studied yet over this aspect. 
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RESUMO 
 
Nesta revisão são analisados os dados 
citogenéticos disponíveis na literatura relativos à 
ictiofauna da bacia do Rio Iguaçu, a qual é 
caracterizada pelo alto grau de endemismo e pela 
baixa diversidade de espécies. Das oitenta e uma 
espécies conhecidas, vinte e quatro já foram 
cariotipadas sendo 6 Characiformes, 14 
Siluriformes e 4 Perciformes. Os dados 
cromossômicos evidenciam a complexidade 
taxonômica e sistemática dos grupos. São 
propostas hipóteses relacionadas à evolução de 
alguns grupos de Characiformes e Siluriformes do 
Rio Iguaçu, assim como o aproveitamento de 
dados cariotípicos para a citotaxonomia. 
 
 

REFERENCES 
 
Abucarma, M. and Martins-Santos, I.C. (2001), 

Karyotype and B chromosome of Rhamdia species 
(Pisces, Pimelodidae) endemic in the River Iguaçu 
Basin. Cytologia, 66, 299-306. 

Agostinho, A.A. and Gomes, L.C. (1997), Reservatório 
de Segredo: bases ecológicas para o manejo. Eduem, 
Maringá, Brasil. 

Almeida-Toledo, L.F. (1998), Cytogenetic markers in 
neotropical freshwater fishes. In - Malabarba, L. R., 
Reis, R. E.; Vari, R. P.; Lucena, Z. M. S. and Lucena,  
C. A. S. (Eds.). Phylogeny and Classification of 
Neotropical Fishes. Edipucrs, Porto Alegre, 603p. 

Almirón, A.E.; Azpelicueta, M. de las M. and Casciotta, 
J.R. (2002), Astyanax ita sp. n. – a new species from 
the Río Iguazú basin, in Argentina (Teleostei, 
Characiformes, Characidae). Zoologische 
Abhandlungen, 52, 3-10. 

Artoni, R.F. and Bertollo, L.A.C. (2001), Trends in the 
karyotype evolution of Locariidae fish (Siluriformes). 
Hereditas, 134, 201-210. 

Azpelicueta, M. de las M.; Casciotta, J.R. and Almirón, 
A.E. (2001), Two new species of the genus Astyanax 
(Characiformes, Characidae) from the Paraná river 
basin in Argentina. Revue Suisse de Zoologie, 109, 
243-259. 

Barros, N.M.T. and Margarido, V.P. (1999), Estudos 
cariotípicos em Astyanax sp.B (Pisces, Characidae, 
Tetragonopterinae) coletado no rio Vorá - bacia do 
Iguaçu. In - Anais do 45° Congresso Nacional de 
Genética, Gramado, Brasil. 

Bertollo, L.A.C.; Takahashi, C.S. and Moreira-Filho. O. 
(1978), Cytotaxonomic considerations of Hoplias 
Lacerdae (Pisces, Erythrinidae). Brazilian Journal of 
Genetics, 1, 103-120.  

Bertollo, L.A.C.; Born, G.G.; Fenocchio, A.S. and 
Moreira-Filho, O. (2000), A biodiversity approach in 
the neotropical Erythrinidae fish, Hoplias 
malabaricus. Karyotypic survey, geographic 
distribution of cytotypes and taxonomic 
considerations. Chromosome Research, 8, 603-613. 

Bigarella, J.J.; Salamuni R. and Ab´Saber, N.A. (1961), 
Origem e ambiente de deposição da bacia de Curitiba. 
Boletim Paranaense de Geologia, 4/5, 71-81.   

Borin, L.A. and Martins-Santos, I.C. (1999), Karyotype 
characterization of three species of the genus 
Trichomycterus (Teleostei, Siluriformes) from the 
Iguaçu river basin. Genetica, 106, 215-221. 

Borin, L.A. and Martins-Santos, I.C. (2002), A natural 
triploid in Trichomycterus davisi (Siluriformes, 
Trichomycteridae): mitotic and meiotic 
characterization by chomosome banding and 
synaptonemal complex analysis. Genetica, 115, 253-
258. 

 
 



Cytotaxonomic and Evolutionary Considerations about Karyotipic Data 

Brazilian Archives of Biology and Technology 

799 

Borin, L.A. and Martins-Santos, I.C. (2004), Study on 
karyotype and occurrence of B chromosomes in two 
endemic species of the genus Pimelodus 
(Siluriformes, Pimelodidae) from the river Iguaçu. 
Heredytas, 140, 201-209. 

Brum, M.J.I. and Galetti Jr., P.M. (1997), Teleostei 
Gran Plan Karyotype. Journal of Comparative 
Biology, 2, 91-102.  

Carvalho, M.L.; Oliveira, C.; Navarrete, M.C.; 
Frochlich, O. and Foresti, F. (2002), Nuclear DNA 
content determination in Characiformes fish 
(Teleostei, Ostariophysi) from de Neotropical region. 
Genetics and Molecular Biology, 25, 49-55. 

Casale, V.C.; Tchaicka, L.; Pegoraro, J.L. and 
Margarido, V.P. (2002), Relações Filogenéticas em 
quatro espécies de Hypostomus (PISCES, 
Siluriformes, Locariidae) baseadas em análise 
citogenética, dados de isozimas e coloração de corpo. 
In – Anais do IX Simpósio de Citogenética e 
Genética de Peixes, Maringá, Brasil. 

Cenci, M.A. and Margarido, V.P. (1999), Estudos 
citogenéticos comparativos de duas populações de 
Astyanax bimaculatus (Pisces, Characidae, 
Tetragonopterinae) coletados nas bacias dos rios 
Iguaçu e Piquiri. In - Anais do 45° Congresso 
Nacional de Genética, Gramado, Brasil.   

Cestari, M.M. (1996), Estudos citogenéticos 
preliminares de peixes pertencentes à Bacia do Rio 
Iguaçu.  In - Anais do III Encontro Paranaense de 
Genética. Curitiba, Brasil.  

Cunha, E.B.; Pegoraro, J.L. and Margarido, V.P. 
(2001), Análise comparativa em duas espécies de 
Oligosarcus (PISCES, Characidae, 
Acestrorhynchinae). In - Anais do 47° Congresso 
Nacional de Genética, Águas de Lindóia, Brasil.  

Dalabona, G. and Cestari, M.M. (1995), Estudos 
citogenéticos preliminares em peixes do gênero 
Astyanax do Rio Iguaçu (PR). In - Anais do 41° 
Congresso Nacional de Genética, Caxambu, Brasil. 

Dergam, J.A.; Suzuki, H.I. and Shibatta, O.A. (1998), 
Molecular biogeography of the Neotropical fish 
Hoplias malabaricus (Erythinidae: Characiformes) in 
the Iguaçu, Tibagi and Paraná rivers. Genetics and 
Molecular Biology, 21,  493-496. 

Dias, M.B. and Júlio Jr., H.F. (1996), Dados 
preliminares sobre o cariótipo e NORs de duas 
espécies de tetragonoptarinae: Markiana nigripinnis e 
Astyanax sp.B. In - Anais do VI Simpósio de 
Citogenética Evolutiva e Aplicada de Peixes 
Neotropicais, São Carlos, Brasil. 

Domingues, M. de S. (2006), Citogenética comparativa 
de Astyanax altiparanae Garutti e Britski, 2000 do 
alto rio Tibagi e alto rio Iguaçu. Unpublished Ms.C. 
Dissertation, Universidade Federal do Paraná, 
Curitiba, Brasil. 

 
 

Fazoli, L.C.; Silva, V.A.B.; Portela-Castro, A.L.B. and  
Júlio Jr., H.F. (2003), Chromosome Characterization 
of Astyanax sp B (Characidae, Tetragonopterinae), an 
Endemic Species of the Iguaçu River, Paraná, Brazil. 
Cytologia, 68, 389-394. 

Fauaz, G.; Cestari, M.M. and Moreira-Filho, O. (1990), 
Estudos cariotípicos preliminares em Astyanax sp da 
Bacia do Rio Iguaçu (PR). In - Anais do III Simpósio 
de Citogenética Evolutiva e Aplicada de Peixes 
Neotropicais, Botucatu, Brasil.. 

Fenocchio, A.S.; Swarça, A.C.; Cestari, M.M. and Dias  
A.L.. (2003a), Karyotypic characterization and NOR 
analysis by different banding techniques of Rhamdia 
quelen (Pisces, Pimelodidae) from the First Plateau of 
the Iguaçu River (Brazil). Folia Biologica-Krakow, 
51, 219-222.  

Fenocchio, A.S.; Pastori, M.C.; Roncati, H.A.; Moreira-
Filho, O. and Bertollo, L.A.C. (2003b), A 
Cytogenetic Survey of the Fish Fauna from 
Argentina. Caryologia, 56, 197-204. 

Froese, R. and Pauly D. Editors (2007), World Wide 
Web eletronic publication. FISHBASE. 
www.fishbase.org, version 01/2007. 

Garavello, J.C. and Shibatta, O.A. (1995), Duas novas 
espécies para o gênero Pimelodus Lacépede, 1803, 
das bacias do rio Iguaçu e Guaíba (Ostariophysi, 
Pimelodidae). In – Anais do Encontro Brasileiro de 
Ictiologia, Pontifícia Universidade Católica de 
Campinas, Campinas, Brasil.   

Garavello, J.C.; Pavanelli, C.S. and Suzuki, H.I. (1997), 
Caracterização da ictiofauna do rio Iguaçu. In-
Agostinho, A.A. and Gomes, L.C. Reservatório de 
segredo: bases ecológicas para o manejo. Eduem, 
Maringá, Brasil.    

Ingênito, L.F.S.; Duboc, L.F. and Abilhoa, V. (2004), 
Contribuição ao conhecimento da ictiofauna da bacia 
do alto rio Iguaçu, Paraná, Brasil. Arquivos de 
Ciência Veterinária e Zoologia da UNIPAR, 7, 23-26. 

Júlio Jr., H.F.; Bonecker C.C. and Agostinho, A.A. 
(1997), Reservatório de Segredo e sua inserção na 
bacia do rio Iguaçu. In: Agostinho, A.A. and Gomes, 
L.C. Reservatório de segredo: bases ecológicas para 
o manejo. Eduem, Maringá, Brasil.    

Kantek, D.L.Z. (2005), Estudo citogenético 
comparativo entre populações de uma espécie de 
Astyanax (Characidae, Tetragonopterinae) endêmica 
do rio Iguaçu. Unpublished Ms.C. Dissertation. 
Universidade Federal do Paraná, Curitiba. Brasil. 

Kantek, D.L.Z.; Fenocchio, A.S. and Cestari, M.M. 
(2003); Cytogenetic Characterization and NOR 
Polymorphism in Astyanax sp. C (Tetragonopterinae, 
Characidae) from First Plateau of Iguaçu River 
(Paraná State, Brazil). Cytologia, 68, 19-24. 

 
 
 
 



Kantek, D. L. Z. et al. 

Brazilian Archives of Biology and Technology 

800 

Kantek, D.L.Z.; Noleto, R.B.; Fenocchio, A.S. and 
Cestari, M.M. (2007); Cytotaxonomy, 
Heterochromatic Polymorphism and Natural 
Triploidy of a Species of Astyanax (Pisces, 
Characidae) Endemic to the Iguaçu River Basin. 
Brazilian Archives of Biology and Technology, 50, 
67-74. 

Kavalco, K. F. and Margarido, V.P. (2000), Dados 
cariotípicos de uma população de Corydoras cf. 
paleatus (PISCES, SILURIFORMES, 
CALLICHTHYIDAE) da região de Quedas do 
Iguaçu/PR, Bacia do rio Iguaçu. In - Anais da X 
Semana de Biologia e I Jornada de meio ambiente, 
Cascavel, Brasil. 

Lara, M.C.S. (1998), Aspectos citogenéticos de quatro 
espécies de peixes da subfamília Ancistrinae 
(SILURIFORMES, LOCARIIDAE) da bacia do rio 
Paraná. Unpublished Ms.C. Dissertation, 
Universidade Estadual de Maringá, Maringá, Brasil. 

Lemos, P.M.M.; Fenocchio, A.S.; Bertollo, L.A.C. and  
Cestari, M.M. (2002), Karyotypic studies on two 
Hoplias malabaricus populations (Characiformes, 
Erythrinidae) of the 2n=42 group, from the first 
plateau of the Iguaçu river basin (Paraná state, 
Brazil).  Caryologia, 55, 193-198. 

Levan, A.; Fregda, K. and Sandberg, A.A. (1964), 
Nomeclature for centromeric position on 
chromosomes. Hereditas, 52, 210-220. 

Lucinda, P.H.F. (1995), Estudo taxonômico dos peixes 
Cyprinodontiformes da bacia do rio Iguaçu. 
Unpublished Ms.C. Dissertation, Universidade 
Federal do Paraná, Curitiba, Brasil. 

Malabarba, L. R.; Reis, R. E.; Vari, R. P.; Lucena, Z. 
M. S. and Lucena,  C. A. S. (Eds.). (1998), Phylogeny 
and Classification of Neotropical Fishes. Edipucrs, 
Porto Alegre, 603p. 

Margarido, V.P. and Roman, M.P. (2000), Estudos 
citogenéticos em Glanidium ribeiroi, Pariolius sp. 
Rhamdia voulezi (PISCES, SILURIFORMES) 
coletados no rio Iguaçu - Quedas do Iguaçu - Paraná. 
In - Anais do 46° Congresso Nacional de Genética, 
Águas de Lindóia, Brasil. 

Margarido, V.P. and Gavasso, P.E. (2000), Análise 
cariotípica em Pimelodus ortmanni (PISCES, 
SILURIFORMES, PIMELODIDAE) coletado no rio 
Iguaçu - bacia do Iguaçu. In - Anais do 46° 
Congresso Nacional de Genética, Águas de Lindóia, 
Brasil. 

Margarido, V.P.; Rosa, R. and Pegoraro, J.L. (2001), 
Estudos citogenéticos em duas populações de 
Crenicichla iguassuensis (PISCES, CICHLIDAE) do 
rio Iguaçu - Paraná. In - Anais do 47° Congresso 
Nacional de Genética, Águas de Lindóia, Brasil. 

 
 
 
 
 

Martinez, E.R.M. and Júlio Jr., H.F. (2000), Análise 
citogenética de Rhaphiodon vulpinus 
(CHARACIFORMES, CYNODONTIDAE) e 
Oligosarcus longirostris (CHARACIDAE, 
ACESTRORHYNCHINAE) da bacia do Paraná e do 
rio Iguaçu. In - Anais do VII Simpósio de 
Citogenética e Genética de Peixes, Manaus, Brasil. 

Maurutto, F.A.M.; Noleto, R.B. and Cestari, M.M. 
(2006), Caracterização citogenética de Callichthys 
callichthys (Pisces, Siluriformes) pertencente à bacia 
do rio Iguaçu. In – Anais do XI Brazilian Symposium 
on Fish Cytogenetics and Genetics, São Carlos, 
Brasil. 

Mizoguchi, S.M.H. and Martins-Santos, I.C. (1999), 
Análise citogenética de Crenicichla iguassuensis e 
Tilapia rendalli (PISCES, CICHLIDAE) da bacia do 
rio Iguaçu. In - Anais do 45° Congresso Nacional de 
Genética, Gramado, RS. 

Mizoguchi, S.M.H. (2005), Analise Citogenética e 
Molecular de espécies da Família Cichlidae (Pisces, 
Chliclidae, Perciformes) das bacias dos Rios Iguaçu e 
Paraná. Unpublished Ph.D Thesis. Universidade 
Estadual de Maringá, Maringá. Brasil. 

Mizoguchi, S.M.N.; Martins-Santos, I.C. and Portela-
Castro, A.L.B. (2002), Identificação das regiões 
organizadoras de nucléolos através das técnicas de 
Hibridação in situ e CMA3 em Tilapia reandalli 
(CICLHIDAE, PERCIFORMES) da bacia do rio 
Iguaçu, PR. In - Anais do IX Simpósio de 
Citogenética e Genética de Peixes, Maringá, PR. 

Montoya-Burgos, J.I. (2003), Historical biogeography 
of the catfish Hypostomus (Siluriformes: Locariidae), 
with implications on the diversification of 
Neotropical ichthyofauna. Molecular Ecology, 12, 
1855-1967. 

Nardino, D.; Motta, T.S.; Torres, R.A. and Adam, M.L.  
(2004), Análise cromossômica em populações 
isoladas de Mimagoniates microleps 
(CHARACIDAE, GLANDULOCAUDINAE) das 
nascentes do rio Iguaçu. In - Anais do X Simpósio de 
Citogenética e Genética de Peixes, Natal, Brasil. 

Oliveira, C.; Almeida-Toledo, L. F.; Foresti, F.; Britski 
H.A. and Toledo-Filho, S.A. (1988), Chromosome 
formulae of neotropical freshwater fishes. Revista 
Brasileira de Genética, 11, 577-624. 

Oliveira, C.; Almeida-Toledo, L. F.; Mori, L. and 
Toledo-Filho, S.A. (1993), Cytogenetic and DNA 
content studies of armoured catfishes of the genus 
Corydoras (PISCES, SILURIFORMES, 
CALLICHTHYIDAE) from the southeast coast of 
Brazil. Brazilian Journal of Genetics, 16, 617-629. 

Porto, F.E. and Martins-Santos, I.C. (2001), Análise 
citogenética de duas populações de Astyanax 
altiparanae (PISCES, CHARACIDAE) da bacia do 
alto Paraná. In - Anais do 47° congresso nacional de 
genética, Águas de Lindóia, Brasil. 

 
 



Cytotaxonomic and Evolutionary Considerations about Karyotipic Data 

Brazilian Archives of Biology and Technology 

801 

Prioli, S.M.A.P.; Prioli, A.J.; Júlio Jr., H.F.; Pavanelli, 
C.S.; Oliveira A.V.; Carrer, H.; Carraro D.M. and 
Prioli, L.A. (2002), Identification of Astyanax 
altiparanae (Teleostei, Characidae) in the Iguaçu 
River, Brazil, Based on mitochondrial DNA and 
RAPD markers. Genetics and Molecular Biology, 25, 
421-430. 

Quijada, C.C.D. and Cestari, M.M. (1999), Estudos 
citogenéticos em Cichlassoma facetum e Geophagus 
brasiliensis (CICHLIDAE) da bacia do rio Iguaçu 
(PR). In - Anais do XII Encontro Brasileiro de 
Ictiologia, São Carlos, Brasil. 

Ravedutti, C.G. and Júlio Jr., H.F. (2001), Cytogenetic 
analysis of three species of the neotropical family 
Auchenipteridae (Pisces, Siluriformes) from the 
Paraná river basin, Brazil. Cytologia, 66, 65-70. 

Reis, R.E.; Kullander, S.O. and Ferraris, C.J. (2003), 
Check List of Freshwater Fishes of South America. 
Edipucrs, Porto Alegre, 742p.  

Renesto, E.; Zawadski, C.H. and Revaldaves, E. (2000), 
Genetic evidence for two species of the genus 
Pimelodus Lacépède, 1803 (Siluriformes, 
Pimelodidae) in the Iguaçu River (Brazil). Genetics 
and Molecular Biology, 23, 809-813. 

Ribeiro, A.A. (2004), Estudo citogenético em Astyanax 
sp.B da fazenda Canguiri (UFPR). Unpublished 
monograph. Universidade Federal do Paraná, 
Curitiba, Brasil. 

Robaina, T.F. and Cestari, M.M. (1998a), Estudos 
citogenéticos preliminares de exemplares do gênero 
Astyanax da bacia rio Iguaçu (PR). In - Anais do 44° 
Congresso Nacional de Genética, Águas de Lindóia, 
Brasil.  

Robaina, T.F. and Cestari, M.M. (1998b), Estudo 
citogenético das espécies Hyphessobrycon reticulatus 
e Astyanax sp. (Characidae, Characiformes), 
pertencentes a um lago da Petrocix - São Mateus do 
Sul (PR). In - Anais do 6° Evento de Iniciação 
Científica da UFPR, Curitiba, Brasil. 

Roman, M.P. and Margarido, V.P. (2000), Estudos 
citogenéticos em três gêneros de Siluriformes 
(PISCES) coletados no rio Iguaçu - Quedas do Iguaçu 
Paraná. In - Anais da X Semana de Biologia e I 
Jornada de meio ambiente, Cascavel, Brasil. 

Roman, M.P. and Moreira-Filho, O. (2002), O 
Cariótipo de Rhamdia branneri (Pisces, Siluriformes, 
Pimelodidae) do rio Iguaçu e um caso de triploidia 
natural. In - Anais do IX Simpósio de Citogenética e 
Genética de Peixes, Maringá, Brasil. 

Roman, M.P. and Margarido V.P. (2002), Análise 
citogenética em Pariolius hollandi (Pisces, 
Siluriformes, Pimelodidae) do rio Iguaçu. In - Anais 
do IX Simpósio de Citogenética e Genética de Peixes, 
Maringá, Brasil. 

 
 
 
 

Rubert, M. and Margarido V.P. (2007), Cytogenetic 
Studies in Three Species of the Genus Oligosarcus 
Braz. Arch. Biol. Technol., 50, 309-315.   

Sampaio, F.A.A. (1988), studos taxonômicos 
preliminares dos Characiformes (Teleostei, 
Ostariophysi) da Bacia do Rio Iguaçu, com 
comentários sobre o endemismo desta fauna. 
Unpublished Ms.C. Dissertation, Universidade 
Federal de São Carlos, São Carlos, Brasil. 

Santi, A.P. and Martins-Santos, I.C. (2001), Estudo 
citogenético em Corydoras paleatus e Corydoras 
aeneus (Pisces, Siluriformes, Callichthyidae). In - 
Anais do 47° Congresso Nacional de Genética, Águas 
de Lindóia, Brasil. 

Sass, V.M.; Adam M.L. and Torres, R.A. (2003), 
Citotaxonomia de Glandulocauda melanopleura 
(Teleostei, Characidae, Glandulocaudinae): uma 
contribuição ao estudo de uma espécie endêmica e 
ameaçada de extinsão.. In - Anais do 49° Congresso 
Nacional de Genética, Águas de Lindóia, SP.  

Sato, L.R.; Oliveira, C. and Foresti, F. (2004), 
Karyotype description of five species of 
Trichomycterus (Teleostei: Siluriformes: 
Trichomycteridae). Genetics and Molecular Biology, 
27, 45-50. 

Severi, W. and Cordeiro, A.A.M. (1994), Catálogo de 
Peixes da Bacia do Rio Iguaçu. IAP/GTZ, Curitiba, 
128p. 

Silfvergrip, A.M.C. (1998), A systematic revision of the 
Neotropical catfish genus Rhamdia (Teleostei, 
Pimelodidae). Stockholm University and Department 
of Vertebrate Zoology, Swedish Museum of Natural 
History, Stockholm, 156p. 

Souza, L. (2003), Estudos citogenéticos em cinco 
espécies do gênero Pimelodus (Siluriformes, 
Pimelodidae) de duas bacias hidrográficas. (2003). 
Ms.C. Dissertation, Universidade Estadual de 
Londrina, Londrina, Brasil.  

Swarça, A.C. (2003), Contribuição a citogenética dos 
Pimelodidae de grande porte: estudos cariotípicos de 
4 espécies do "subgrupo" Sorumbinae. Unpublished 
Ph.D. Thesis, Universidade Federal do Paraná, 
Curitiba, Brasil. 

Tchaicka, L. and Margarido, V.P. (2000), 
Heterocromatina Constitutiva e Regiões G-C ricas em 
Ancistrus sp. (Pisces, Locariidae, Ancistrinae) do rio 
Alto Alegra, Boa Vista da Aparecida. In - Anais da X 
Semana de Biologia e I Jornada do Meio Ambiente, 
Cascavel, Brasil. 

Terencio, M.L.; Almeida M.C. and Artoni, R.F. (2001), 
Citogenética de Pimelodus ortmanni, uma espécie de 
mandí endêmica ao rio Iguaçu. In - Anais do 47° 
Congresso Nacional de Genética, Águas de Lindóia, 
Brasil. 

 
 
 
 



Kantek, D. L. Z. et al. 

Brazilian Archives of Biology and Technology 

802 

Torres, R.A.; Foresti, F. and Oliveira, C. (1998), 
Comparative cytogenetics studies in alopatric 
populations of Trichomycterus paolense Eigenmann, 
1918 from Southeastern Brazil (Siluriformes, 
Trichomycteridae). Cytologia, 63, 107-114. 

Torres, R.A.; Oliveira, C. and Foresti, F. (2004), 
Cytotaxonomic dignosis of Trichomycterus diabolus 
(Teleostei: Trichomycteridae) with comments about 
its evolutionary relationary retionship with co-generic 
species. Neotropical Ichthyology, 2, 123-125.  

Vari, R.P. and Malabarba, L.R. (1998), Neotropical 
Ichthyology: An Overwiew. In: Malabarba, L. R., 
Reis, R. E.; Vari, R. P.; Lucena, Z. M. S. and Lucena,  
C. A. S. (Eds.). Phylogeny and Classification of 
Neotropical Fishes. Edipucrs, Porto Alegre, 603p 

Vicari, M.R.; Artoni, R.F. and Bertollo, L.A.C. (2003), 
Heterochromatin polymorphism associated with 18S 
rDNA: a differential pathway among Hoplias 
malabaricus fish populations. Cytogenetic and 
Genome Research, 101: 24-28. 

 
 
 
 
 

Vicari, M.R.; Pazza, R.; Artoni, R.F.; Margarido, V.P. 
and Bertollo, L.A.C. (2006), Cytogenetics and 
Biogeography: Considerations about the Natural 
Origin of Hoplias malabaricus (Characiformes, 
Erythrinidae) on the Iguaçu River. Brazilian Archives 
of Biology and Technology, 49, 297-303. 

Weitzman, S.H.; Menezes, N.A. and Weitzman, M.J. 
(1988), Phylogenetic biogeography of the 
Glandulocaudini (Teleostei: Characiformes, 
Characidae) with comments on the distributions of 
other freshwater fishes in eastern and southern Brazil. 
In - Vazolini, P. E. and Heyer, W.R. (Eds.). 
Proceedings of a workshop on Neotropical 
distribution patterns, Rio de Janeiro, Academia 
Brasileira de Ciências, 379-427. 

Zawadski, C.H.; Renesto, E. and Bini, L.M. (1999), 
Genetic and morphometric analysis of three species 
of the genus Hypostomus Lacépède, 1803 
(Osteichthyes: Locariidae) from the Rio Iguaçu basin 
(Brasil). Revue Suisse de Zoologia, 106, 91-105. 

 
 
 

Received: October 10, 2005; 
Revised: April 05, 2006; 

Accepted: March 14, 2007.

 

 


