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ABSTRACT

The cytogenetic data available in the literature about the ichthyofauna éfulaeu River basin were
analyzed in this review. The ichthyofauna was characterized by the higlolendemism and by the low
diversity of species. Twenty-four of the eighty-one speciesalreaaly karyotyped; six Characiformes,
fourteen Siluriformes and four Perciformes. The chromosomal data showecdnemic and systematic
complexity of the groups. Hypothesis related to the evolution of some @hiangs and Siluriformes
groups from the Iguacu River are proposed, as well as the utilizationayfotigpic data for
cytotaxonomy.
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INTRODUCTION Iguacu Falls 22 million years ago, that probably
allowed the considerable endemism of this
The neotropical fauna is composed by near 8006hthyofauna (Sampaio, 1988; Lucinda, 1995;
species and is considered as the most diverégaravello et a] 1997), which was estimated as
epicontinental ichthyofauna in the world (Vari and75% (Zawadski et al 1999). Besides, the
Malabarba, 1998). Nearly 1000 species have beglamming of some parts of the river as a result of
karyotyped so far, mostly by the Braziliantectonic reactivations (Bigarella et .,al1961)
researchers (Brum and Galetti Jr., 1997; Almeidawould have promoted alterations in the
Toledo, 1998). These studies permitted a bett&@nvironments resulting in the low diversity of fish
comprehension of some taxa with a not well-species in the Iguacu River basin (Julio Jr. et al
resolved taxonomy, besides establishind997). Nowadays, 81 species of Teleostei are
evolutionary relations in several groups. Theknown in the Iguagu River basin (Ingenito et al
ichthyofauna of the Iguacu River basin was2004), including three exotic species. This study
isolated from the Parana River since the rise of theimed to present a review of all data about the
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cytogenetics of the fishes from the Iguagu RivePerciformes (16,67%). However, this number was
and also on some taxonomic and evolutionarprobably higher because in some other studies the

aspects of its ichthyofauna. individuals were not identified at the level of
species.
MATERIAL AND METHODS Characiformes

For this order, most of the available studies are
Table 1 shows the information available about th@bout species of the genfstyanax According to
karyotype of fishes from the Iguacu River basinSampaio (1988), Almiron et al. (2002),
The nomenclature and classification of the fishe§Azpelicueta et al. (2002) and Ingenito et al.
followed basically Malabarba et al. (1998), Reis ef2004), the Iguacu River contained at least ten
al. (2003), Ingenito et al. (2004) and the currenspecies ofAstyanax Astyanax altiparanaefound
database in FishBase systematic (Froese amdl over the upper Parana River basin, had its
Pauly, 2007). The chromosomal anatomy an@rigin in the Iguacu River mainly through
morphology permit to establish the karyotype ofintroductions, as determined by Prioli et al. (2002)
the species, mainly using: number ofthrough molecular markers. The cytogenetic data
chromosomes of the diploid group (2N);showed that this might have occurred more than
fundamental number (FN), which represented thence through different stocks. TAstyanaxof the
number of chromosomal arms of the complemeniguacu River received the denominatigkstyanax
type of chromosomes, classified in metacentricsp. B,A. sp. C,A. sp. D,A. sp. E andA. sp. F.
(m), submetacentrics (sm), subtelocentrics (st) an8iithough these taxonomic entities were not
acrocentrics (a) according to the arms relation ofiominal species yet, they were easily distinguished
Levan et al. (1964); karyotypic formula, from each other and are clearly diagnosed in the
represented by the quantity of each type ofeference literature (Severi and Cordeiro, 1994,
chromosome. Other diagnostic data were alsGaravello et al., 1997; Ingenito et al., 2004,
observed here, such as the presence of sexu&ntek et al., 2007).
chromosomes; presence of B chromosome syster@hecking the data from Table 1, interpopulation
cases of natural triploidy (3N), besides a markedifferences could be identified in the nucleolus
for the ribosomal gene activity by the use of thedorganizing region (NORs) of the specigstyanax
colloidal silver in the marking of the nucleolussp. B, Astyanax sp. C and.A. altiparanag
organizing regions (NORS). suggesting an absence of gene flow between the
samples from different places. Besides, in
Astyanaxsp. B andA. altiparanag there were also
RESULTS AND DISCUSSION differences in the fundamental number (FN) and in
the karyotypic formula. Ribeiro (2004), using C-
The cytogenetic studies in the fishes from thdanding in Astyanax sp. B, observed high
Iguacu River are still scarce. Most of the availabldlifferences in the quantity of heterochromatins
data are found in the abstracts published in theomparing samples from the middle and upper
materials of symposia and congresses. Howevelguacu River. These information emphasized the
tendencies of karyotypic evolution might be seefi@xonomic and systematic complexity of the
as well as the use of karyotypic data for thedroup.
taxonomy and systematic might be done. InfThe samples ofOligosarcus longirostris also
neotropical fishes, pioneer data for thediffered in the NORs as well as in the fundamental
cytotaxonomy were presented by Bertollo et alnumber (FN) and karyotypic formula significantly.
(1978) forHoplias malabaricusThese data were Hoplias malabaricuswas an example of the
also systematized in a checklist for the karyotypi€omplex species. Seven different karyotypic types
diversity of neotropical fishes by Oliveira et al.(cytotypes A, B, C, D, E, F, G) were identified for
(1988). Only twenty-four of the eighty-one this taxon all over its distribution (Bertollo et al.,
species recognized at the moment for the Iguagtf00)- The cytotypes A and B were found in the
River have been karyotyped (Table 1). Six of thestuacu River, and according to Vicari et al. (2006),
species corresponded to Characiformes (25,000Nn€ of these types could be found in the basin even

fourteen to Siluriformes (58,33%) and four tobefore the geographic isolation 22 million years
ago. However, Dergam et al. (1998), using RAPD
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(Random  Amplified  Polymorphism DNA) The diploid number varied from 2n = 4H.(
molecular markers, considered that the samplasalabaricu3 to 2n = 54 Glandulocauda
from the Iguacu River were originally from the melanopleur® and the modal number was 2n =
Tibagi River. Sampaio (1988) suggested that thBO. According to Oliveira et al. (1988), Brum and
Characiformes were already very differentiatedGaletti Jr (1997), Fenocchio et al. (2003b) and
before the isolation of the Iguacu River. The ide&arvalho et al. (2002), the modal number for the
that the cytotype A ofH. malabaricus could order were 2n = 54. This discrepancy might be a
already be found in the basin before the isolationesult of the small number of taxa analyzed until
corroborates this hypothesis. now.

Table 1 -Karyologic data of the fishes from the Iguagu Rivaryotypic variations are in parenthegstyanax sp.
B — two cytotypesHoplias malabaricusand 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 Iguagu 50 88 12 10 16 12 - M - 2
Astyanax altiparanae -- 50 90 10 26 4 10 -- M --
Astyanasp. -- 50 86 6 26 4 14 - M -
Astyanasp.B Nova Prata do Iguagu 50 86 12 12 12 14 -- M --
Astyanasp.B S&o Mateus do Sul 50 86 6 24 6 14 - S -
Astyanasp.B Salto Segredo reservoir 50 84 6 16 12 16 -- S -- 7
Astyanasp.B Guarani river 50 84(88) 6 28(32) 16(12) - M - 6
Astyanasp.B Piraquara 50 88 4 22 12 12 -- M -- 8
Astyanasp.B Salto Caxias reservoir 50 86 6 24 6 14 X - - 9
Astyanasp.C Varzea river 50 84 6 28 16 -- M -- 10
Astyanasp.C Piraquara 50 84 4 22 8 16 -- S - 11
Astyanasp.C Sao José dos Pinhais 50 84 4 22 8 16 - M -- 11
Astyanasp.D Bicudo river 50 84 4 24 6 16 - - - 12
Astyanasp.D Upper Iguacu river basin 50 84 4 24 6 16 -- - -- 12
Astyanasp.D Poco Claro river 50 84 4 24 6 16 -- -- -- 12
Astyanasp.D Piraquara 50 84 4 24 16 -- M X 13
Astyanasp.E Varzea river 50 84 6 28 16 - M - 10
Hyphessobrycon
reticulatus Sé&o Mateus do Sul 50 100 - - - 14
Acestrorhynchinae
Oligosarcus longirostris Quedas do Iguagu 50 80 4 10 16 20 -- S,pair2l,a - 15
Oligosarcus longirostris Iguacu National Park 50 84 6 16 12 16 - S, pair22,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 Iguacu river 54 94 8 18 14 14 -- -- -- 19
Mimagoniates microlepisPiraquara and Pequeno river 52 96 12 18 14 8 -- -- -- 20
Erythrinidae
Hopliasmalabaricus Sé&o José dos Pinhais 42 84 24 16(17) 02(01) - - M - 21
Hopliasmalabaricus Piraguara 42 84 10 22 -- -- -- M -- 21
Hopliasmalabaricus Palmeira 42 84 24 18 -- -- -- M - 22
(Cont. ...)
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Taxa Locality/River 2n FN Katyotype B crom. NOR system 3n  Ref.
Hopliasmalabaricus Nova Prata do Iguagu 42 84 24 18 -- -- -- M -- 23
Siluriformes
Auchenipteridae
Glanidium ribeiroi Salto Caxias reservoir 58 112 28 16 10 -  S,pairl7,sm 24
Glanidium ribeiroi Quedas do Iguagu 58 108 24 14 12 -- S,parl, m - 25
Callichthyidae
Callichthys callichthys Upper Iguagu river basin 58 - -- -- -- -- X M -- 26
Corydoras paleatus Quedas do Iguagu a4 88 44 - - - M - 27
Corydoras paleatus Salto Caxias Reservoir 44 86 18 24 2 - M -- 28
Corydoras paleatus Upper Iguacu river basin 44 88 20 24 -- -- -- M -- 29
Pimelodidae
Heptapterus hollandi Quedas do Iguagu 42 78 22 10 4 6 - S,pairl3,sm 30
Pimelodus ortmanni Palmeira 56 - - - - - - S, sm - 31
Pimelodus ortmanni Quedas do Iguagu 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
Pimelodussp. Salto Caxias reservoir 56 110 24 26 2 - S, st - 34
Pimelodussp. Salto Caxias reservoir 56 108 30 14 4 X S, pair 4,-st 33
Rhamdia branneri Quedas do Iguagu 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 Iguagu river basin 58 116 32 16 4 X S, st - 37
Rhamdiasp. Guarapuava 58 112 36 14 4 X M -- 36
Rhamdia voulezi Guarapuava 58 112 36 14 4 X S,pair29,a - 36
Rhamdia voulezi Quedas do Iguagu 58 112 30 10 14 4 - S, pair 28,m 38
Steindachneridiosp. Foz do Jordédo 56 102 20(22%(23) 2 10 S, pair24,a - 39
Trichomyteridae
Trichomycterus davisi Trés Barras 54 108 40 12 2 - -- S,pair2,m X 40/41
Trichomycterus davisi Lapa 54 108 42 10 2 - - S,par2,m - 42
Trichomycterus
stawiarski Trés Barras 54 108 42 8 4 -- - S,par2,m - 40
Trichomycterusp. Trés Barras 54 108 42 10 2 -- -- S,pair2,m -- 40
Loricariidae
Ancistrussp. Salto Segredo reservoir 48 92 18 14 12 4 - S, st -- 43
eight cytotypes *
Ancistrussp. Salto Caxias reservoir 50 - - S, st - 43
Ancistrussp. Alto Alegre river 50 88 12 14 12 12 -- S,pair2l,a - 44
Hypostomus
albopuntactus Sé&o Joao river 74 114 8 18 14 34 - S - 45
Hypostomus commersoni  Quedas do Iguagu 68 104 10 18 8 32 - M -- 45
Hypostomus derby Quedas do Iguagu 68 102 10 8 16 34 - M - 45
Hypostomus myersi Quedas do Iguagu 74 118 12 14 18 30 -- S -- 45
Perciformes
Cichlidae
Cichlasoma facetum Sé&o Mateus do Sul 48 58 10 38 - S,a - 46
Crenicichla iguassuensis Quedas do Iguagu 48 66 2 12 30 -- S, pair 2, sm 47
Crenicichla iguassuensis  Iguagu National Park 48 66 4 12 30 - S, pair 2, sm 47
Crenicichla iguassuensis  Salto Caxias reservoir 48 74 8 40 -- S,parl, m - 48
Geophagus brasiliensis Sao 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 = Domingué®006); 2 = Cenci and Margarido (1999); 3 = Porto and Martins-Santos (20815auaz et a(1990); 5 = Barros

and Margarido (1999); 6 = Robaina and Cestari (1998a); 7 = Dias andJ(1i996); 8 = Ribeiro (2004); 9 = Fazoli et(@003); 10 = Dalabona
and Cestari (1995); 11 = Kantek et al. (2003); 12 = Kantek (2005)Kehtek et al. (2007); 14 = Robaina and Cestari (1998b); 15 = Rarzert
Margarido (2007); 16 = Cunha et al. (2001); 17 = Martinez and Jal{@Q@00); 18 = Cestari (1996); 19 = Sass et al. (2003); 20 = Nardalo et
(2004); 21 = Lemos et al. (2002); 22 = Vicari et al. (2003); 23 caViet al. (2006), 24 = Ravedutti and Judlio Jr. (2001); 25 = Roman and
Margarido (2000); 26 = Maurutto et al. (2006); 27 = Kavalco and Mag@#2000); 28 = Santi and Martins Santos (2001) 29 = Oliveira et a
(1993); 30 = Roman and Margarido (2002); 31 = Terencio et al. (20R1);Margarido and Gavasso (2000); 33 = Borin and Martins-Santos
(2004); 34 = Souza (2003); 35 = Roman and Moreira-Filho (2002); 36 = AbaeamiMartins-Santos (2001); 37 = Fenocchio et al. (2003a); 38
= Margarido and Roman (2000); 39 = Swarca (2003); 40 = Borin and M&8am®s (1999); 41 = Borin and Martins-Santos (2002); 42 = Sato
et al. (2004); 43 = Lara (1998); 44 = Tchaicka and Margarido (2006);Gésale et al. (2002); 46 = Quijada and Cestari (1999); 4argadvido

et al. (2001); 48 = Mizoguchi and Martins-Santos (1999); 49 = Mizod2€Mi5). * cyt. 1 = 18m+8sm+10st+14a; cyt. 2 = 18m+9sm+6st+17a;
cyt. 3 = 18m+8sm+11lst+13a; cyt. 4 = 18m+10sm+10st+12a; cyt. 5 = 15miBsthi2a; cyt. 6 = 19m+8sm+llst+l2a; cyt. 7 =
16m+8sm+10st+16a; cyt. 8 = 18m+10sm+12st+10a.

Siluriformes of metacentric chromosomes. These features were
Until 1995, only one species of the genusalso found in species lik€. paolence(Torres et
Pimelodus was known in the Iguacu River al.,, 1998),T. diabolus(Torres et al., 2004) and
(Pimelodus ortmani Garavello and Shibatta Trichomycterusff. itatiayae(Sato et al., 2004).
(1995) registered a new species usinghe last one was collected in the Tibagi River
morphological  features P{melodus sp.). basin, whereas the other two were originally from
Isoenzyme (Renesto et .al 2000) and the Paranapanema River basin, both relatively
chromosomal (Borin and Martins-Santos, 2004flose to the Iguacu River basin. Chromosomal
data corroborated that it was really a new speciesimilarities and the proximity in the geographic
According to Borin and Martins-Santos (2004),distribution might be the evidence of a possible
Pimelodussp. was more similar t®. maculatus common origin for these species.

(collected in the Parana River basin) thanPto TheHypostomuspecies of the Iguacu River could
ortmanni and, in this way, like in the be grouped into two cladograms; one composed by
Characiformes, these two species could existpecies with 68 chromosomes and other by the
before the rise of the Iguacu Falls. species with 74 chromosomes. Casale et al. (2002)
Silfvergrip (1998) suggested thRhamdia voulezi related these two groups to body coloration and
and R. branneri of the Iguacu River were isoenzyme patterns. Other hydrographic basins
synonymous oRhamdia quelenThe similarity in also have species with 2n = 68 and 2n = 74
the karyotypic formula supported this hypothesichromosomes (Artoni and Bertollo, 2001),
(Table 1). However, there were karyotypes withshowing that the origin of these two groups was
simple and multiple NORs, which might be earlier than 22 million years, when there was no
indicating that these taxa were really differentgeographic barrier between the Iguacu River and
species. Abucarma and Martins-Santos (2001hther basins. However, Montoya-Burgos (2003)
based on the differences in the B chromosomeproposed that the main geological/cladogenetic
considered thatR. branneri R. voulezi and episode in the evolutionary history of the genus
Rhamdia sp. were distinct taxonomic entities. Hypostomusoccurred between 12 and 4 million
Thus further studies would be necessary angears ago. In this way, the occurrence of this genus
would help to solve the taxonomy of this group. in the Iguagu River due to upper river captures
Sato et al. (2004), based on chromosomal datfrom other basins after the formation of the Iguacu
suggested that there were at least two groups &hlls was a hypothesis that must be considered.
Trichomycteruscis-Andean species. The speciesNeitzman et al. (1988) and Ingenito et al. (2004)
of the Iguacu River fit in the second group, whichsuggested a historical relationship (upper river
had two relevant features: (1) the two largestaptures) between the Iguacu River and adjoining
metacentric (m) pairs of chromosomes werdasins.

similar in size and also were significantly biggerThe diploid number in the order varied from 2n =
than the other metacentric chromosomes; and (2R (Pariolius holland) to 2n = 74 Hypostomus
the NORs were interstitial and located in a big paimyersi and H. albopuntactus and the modal
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number was 2n = 58, same data observed HREFERENCES
Oliveira et al. (1988).

Abucarma, M. and Martins-Santos, [.C. (2001),
Perciformes Karyotype and B chromosome &hamdiaspecies
The data of this study agreed with the ones in the (Pisces, Pimelodidae) endemic in the River Iguacu
literature (Fenocchio et al., 2003b), which Basin.Cytologia 66, 299-306. B
registered a highly conservative tendency witi{90stinho, A.A. and Gomes, L.C. (1997), Reservatori
karyotypes composed by 2n = 48 chromosomesﬁﬂear?ﬁggeg?égfses ecologicas para o manejo. Eduem,
and simple NORs. The karyotypic formulas of theAI ’ '

- ; 4 meida-Toledo, L.F. (1998), Cytogenetic markers in
Perciforme species analyzed in the present studyneqtropical freshwater fishes. In - Malabarba, L. R

indicated a predominance of acrocentric Rejs, R. E.: Vari, R. P.: Lucena, Z. M. S. and ln&e
chromosomes, while two armed chromosomes C. A. S. (Eds.).Phylogeny and Classification of

were more often found in Characiformes and Neotropical FishesEdipucrs, Porto Alegre, 603p.
Siluriformes. These data agreed with theAlmirdn, A.E.; Azpelicueta, M. de las M. and Castao
chromosomal evolutionary tendencies reported by J-R. (2002) Astyanax itasp. n. — a new species from
Oliveiraet al.(1988) and Fenocchio et §003b).  the Rio Iguazi basin, in Argentina (Teleostei,
Thus, karyotypic data should be real for the Characiformes, Characidae).  Zoologische

: ; Abhandlungen52, 3-10.
Cytotaxonomy of fishes from the lguagu RIVerArtoni, R.F. and Bertollo, L.A.C. (2001), Trendstime

bas”?- These is need _for the majquty Of_ the f|sh karyotype evolution of Locariidae fish (Siluriforse
species already described from this region, as inyereditas 134 201-210.

Astyanax Hoplias and Rhamdia and the azpelicueta, M. de las M.; Casciotta, J.R. and Admj
enlargement of the access to the karyotype of AE. (2001), Two new species of the gerstyanax
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basin in ArgentinaRevue Suisse de Zoologi9,
243-259.
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