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RESUMO

A relacdo entre a morfologia gonadal e as estratégias reprodutivas foi investigada
através de analises macro e microscépicas de 151 gbnadas de peixes pertencentes a seis
espécies e quatro familias da ordem Siluriformes. A morfologia reprodutiva das
espécies analisadas exibiu caracteristicas distintas, porém permitiu agrupamentos de
acordo com as estratégias reprodutivas, como migradores, ndo migradores guardadores
e inseminador interno. Os migradores reprodutivos de longa distancia,
Pseudoplatystoma corruscans e Conorhynchos conirostris, caracterizam-se pelo grande
tamanho corporal, pequenas franjas testiculares filiformes, auséncia de secregéo
testicular e estruturas acessorias, pequeno didmetro dos ovocitos vitelogénicos, zona
pelucida delgada e células foliculares cubicas. O migrador de curta distancia, Pimelodus
maculatus, diferencia-se morfologicamente dos demais migradores por apresentar
franjas testiculares filiformes mais longas e secrecdo testicular. Os ndo migradores
guardadores, Lophiosilurus alexandri e Rhinelepis aspera, apresentam tamanho
corporal mediano, projecdes testiculares ndo filiformes, secrecdo homogénea produzida
na regido caudal dos testiculos, grande diametro dos ovdcitos vitelogénicos e células
foliculares prismaticas. O aparelho reprodutor mais especializado foi verificado no
inseminador interno Trachelyopterus galeatus, que possui vesicula seminal acessoria ao
testiculo, espermatozdides com nucleo alongado que formam compactos pacotes de
espermatozeugma e epitélio lamelar ovariano com fungbes armazenadora e secretora.
As caracteristicas morfologicas do sistema reprodutor dos Siluriformes analisados
apresentaram uma clara influéncia do tipo de inseminacéo e das estratégias reprodutivas

das espécies.

Palavras chaves: morfologia gonadal, secrecdo; espermatozeugma; tipo de

inseminacao; estratégia reprodutiva.



ABSTRACT

The relationship among the morphology of the reproductive apparatus and the
reproductive strategies of six Neotropical catfishes was studied through macro and
microscopic analyses of 151 gonads. The reproductive apparatus of the examined
Siluriformes showed diversified characteristics, but allowed their grouping according to
the reproductive strategies as migratory, non-migratory keepers and internal
inseminating. The great reproductive migratory Pseudoplatystoma corruscans and
Conorhynchos conirostris are characterised by small filiform testicular fringes, absence
of testicular secretion, small diameter of the vitellogenic oocytes, thin zona radiata and
cubic follicular cells. The short distance migratory Pimelodus maculatus is
morphologically distinct from the other migratory catfishes due to the presence of
longer filiform testicular fringes and testicular secretion. The non-migratory keepers
Lophiosilurus alexandri and Rhinelepis aspera present non-filiform testicular
projections, homogeneous testicular secretion, large diameter of the vitellogenic oocytes
and prismatic follicular cells. The most specialized reproductive apparatus was observed
in the internal inseminating Trachelyopterus galeatus which presents a seminal vesicle
accessory to the testes, spermatozoa with elongated nuclei that form spermatozeugmata
and ovarian lamellar epithelium with storage and secretory functions. The morphology
of the reproductive apparatus of the Neotropical catfishes studied presented a clear

influence of the insemination type and of the reproductive strategies of the species.

Keywords: gonad morphology; secretion; spermatozeugmata; insemination type;

reproductive strategy.
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1. INTRODUCAO GERAL

1.1. Bacia do rio S&o Francisco

A ictiofauna da bacia do rio Sdo Francisco é representada por cerca de 185
espécies de agua doce (Britski et al., 1988; Sato & Godinho, 1999; Alves & Pompeu,
2001), incluindo 18 espécies ameacadas de extingdo, diversas espécies endémicas e
grande numero de espécies de importancia econdmica e ecoldgica (Godinho &
Godinho, 2003). Essa ictiofauna encontra-se bastante ameacada em varias regides da
bacia, principalmente no trecho a jusante da barragem de Sobradinho até o Oceano
Atlantico, a montante da barragem de Trés Marias e nos rios Paraopeba e das Velhas,
devido principalmente, ao desmatamento ciliar, a construcdo de barragens, as poluicoes
industriais e domésticas, ao garimpo, a pesca predatéria e a destruicdo de varzeas e
lagoas marginais (Sato & Godinho, 1999).

O reservatorio de Trés Marias, localizado no rio S&o Francisco, Minas Gerais
(18-20° S, 44-46° W), foi formado em 1960 e apresenta 2.700 metros de extensdo e
altura maxima de 75 metros. O reservatorio foi construido com objetivo de geracéo de
energia elétrica, controle de cheia e irrigacao (Britski et al., 1988). A literatura cientifica
relata que a alteracdo do ambiente l6tico em Iéntico altera a dindmica da agua, a
qualidade do habitat, o processo de producdo priméria e a estrutura e composicao da

ictiofauna (Godinho & Godinho, 2003; Agostinho et al., 2007).

1.2. Ordem Siluriformes
A ordem Siluriformes é representada por 36 familias e 3088 espécies

reconhecidamente validas, sendo a maioria das familias restritas a agua doce. As
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espécies desta ordem sdo caracterizadas pela auséncia de escamas e comumente
denominadas peixes de couro (Ferraris, 2007). Os Siluriformes possuem ampla
distribuicio geografica e sdo encontrados em toda a América, Africa, Europa e Sudeste
da Asia (Teugels, 1996). As seis espécies de Siluriformes analisadas no presente
trabalho Trachelyopterus galeatus (Linnaeus, 1766), Pimelodus maculatus La cépéde,
1803, Pseudoplatystoma corruscans (Spix and Agassiz, 1829), Lophiosilurus alexandri
Steindachner, 1877, Rhinelepis aspera Spix and Agassiz, 1829 e Conorhynchos
conirostris (Valenciennes, 1840) estdo distribuidas originalmente nas bacias

hidrogréaficas Neotropicais e ocorrem na bacia do rio S&o Francisco (Reis et al., 2003).

1.3. Caracteristicas biologicas das espécies

Trachelyopterus galeatus

O cangati pertence a familia Auchenipteridae e distribui-se por toda América do
Sul, sendo anteriormente denominado Parauchenipterus galeatus (Ferraris, 2007). Ha
alguns trabalhos na literatura sobre a reproducdo do cangati, com énfase em sua
viviparidade, modificacdo da nadadeira anal dos machos em 0Orgdo copulador para
inseminar os ovarios com espermatozdides, presenca de vesiculas seminais e morfologia
diferenciada do espermatozdide (Loir et al., 1989; Meisner et al., 2000; Burns et al.,
2002; Parreira et al., 2009). Porém ha poucos trabalhos comparando a morfologia

gonadal desta espécie com outros Siluriformes.
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Pimelodus maculatus

Conhecido como mandi-amarelo ou mandi-pintado, € um Siluriformes
pertencente a familia Pimelodidae, amplamente distribuido nas bacias dos rios Parana e
S&@o Francisco (Lundenberg & Littmann, 2003; Ferraris, 2007). Vive e alimenta-se
principalmente no fundo dos rios, possuindo dieta variada constituida de larvas de
insetos, algas, moluscos, peixes e fragmentos de vegetais (Bennemann et al., 2000). Esta
espécie pode alcancar 40 cm de comprimento total e 1,5 a 2,0 kg de peso corporal e
apresenta ferrGes cobertos por muco téxico nas nadadeiras peitorais e dorsal
(Lundenberg & Littmann, 2003). O mandi-amarelo, espécie de porte medio, é de
interesse na pesca esportiva e profissional no rio So Francisco, sendo também
importante para alimentagédo da populacao ribeirinha (Sato et al., 2003).

Trata-se de uma espécie cujo tipo de desova é ponto de controvérsias na
literatura, sendo admitida desova parcelada (Godinho et al., 1974) e desova total (Sato
& Godinho, 1988; Carvalho et al., 1995). Possui ovos livres com pequeno espaco

perivitelino e altos valores de fecundidade (Rizzo et al., 2002; Sato et al., 2003).

Pseudoplatystoma corruscans

O surubim pertence a familia Pimelodidae e é a espécie com maior valor
comercial e recreativo da bacia do rio Sdo Francisco (Godinho et al., 2007). P.
corruscans € piscivoro, atinge grande peso corporal (até 120 Kg) e ocorre nas bacias
dos rios Sdo Francisco e Parana (Reis et al., 2003; Sato et al., 2003). A pesca do
surubim no rio Sdo Francisco encontra-se em declinio, uma vez que em 1987
representava 86,3% do pescado, enquanto em 1999 sua participacdo na producao estava

reduzida a 26,6% (Godinho & Godinho, 2003).
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O surubim reproduz no periodo chuvoso, possui desova total, ovos ndo-adesivos
e altos valores de fecundidade (Brito & Bazzoli, 2003; Sato et al., 2003). Esta espécie
realiza migracOes reprodutivas de grande distancia no rio S&o Francisco, podendo
migrar por, aproximadamente, 100 Km para desovar (Sato & Godinho, 2004; Godinho

et al., 2007).

Lophiosilurus alexandri

O pacama, pertence a familia Pseudopimelodidae, € endémico da bacia do rio
S&o Francisco e possui corpo achatado dorso-ventralmente com aculeo da nadadeira
dorsal curto e forte (Shibatta, 2003). L. alexandri n&o realiza migragdes, vive
preferencialmente em aguas lénticas e apresenta habito noturno. A espécie reproduz-se
naturalmente em cativeiro, constréi ninhos em fundos de areia ou terra e tem potencial
econémico para aquicultura (Sato et al., 2003).

O pacama pode atingir comprimento maximo de 72 cm, peso corporal de 8 Kg,
apresenta ovarios com desenvolvimento assincronico dos ovdcitos, 0s quais sdo
esféricos e com coloracdo amarelada (Bazzoli & Godinho, 1997). Possui ovos adesivos,
ndo necessita efetuar migracdo reprodutiva e 0s machos realizam cuidado parental (Sato

et al., 2003; Barros et al., 2007).

Rhinelepis aspera
O cascudo-preto pertence a familia Loricariidae, é importante peixe comercial e
atualmente raro na bacia do rio Sdo Francisco, ocorrendo com maior abundancia no rio

Paracatu. Entre as espécies de Loricariidae da bacia do Sdo Francisco, R. aspera é a que
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alcanca maior porte podendo alcancar 4 Kg de peso corporal (Sato, 1999; Reis et al.
2003).

O cascudo-preto da bacia do rio Parand, atinge a maturacdo sexual aos 24 e 23
cm, respectivamente para machos e fémeas (cerca de 2,7 anos de idade) e o periodo
reprodutivo estende-se de novembro a julho (Agostinho, 1985). Possui ovos adesivos
com pequeno espaco perivitelino e cérion espesso. No rio S&o Francisco, R. aspera nao
necessita efetuar migracdo reprodutiva, possivelmente apresenta cuidado parental e

reproduz-se em locais de rochas e cascalhos (Rizzo et al., 2002; Sato et al., 2003).

Conorhynchos conirostris

Considerada espécie simbolo do rio S&o Francisco é endémica da bacia e
conhecida popularmente como pird. Anteriormente pertencia a familia Pimelodidae e
atualmente encontra-se no grupo incertae sedis na ordem Siluriformes (Ferraris, 2007).
Pode alcancar até 100 cm de comprimento total e 13 kg de peso corporal (Sato, 1999).

A espécie é reofilica, realiza migra¢fes durante o periodo reprodutivo (Sato &
Godinho, 2004), possui ovos nao-adesivos e desova total (Rizzo et al., 2002; Sato et al.
2003). E peixe de interesse comercial e esta incluido nas listas das espécies ameacadas

de extingcdo, na categoria vulneravel, em Minas Gerais e no Brasil (Rosa & Lima, 2008).

1.4. Morfologia dos testiculos

Os testiculos dos Siluriformes tém ampla variabilidade morfolégica, uma vez
que muitas espécies apresentam testiculo com projecdes digitiformes ou franjas de
aspecto variado (Loir et al., 1989; Meisner et al., 2000; Santos et al., 2001; Guimaraes-

Cruz & Santos, 2004; Lopes et al., 2004; Mazzoldi et al., 2007). Em algumas familias, a
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regido caudal dos testiculos contém vesiculas seminais conectadas ao ducto
espermatico, sem atividade espermatogénica, possuindo funcdo secretora e/ou
armazenadora (Loir et al., 1989; Legendre et al., 1996; Meisner et al., 2000; Mazzoldi et
al., 2007). Algumas espécies de Siluriformes, notadamente da familia Auchenipteridae,
possuem inseminacdo interna, apresentando modificagbes morfofuncionais do
espermatozdide e do sistema reprodutor, como o 6rgdo copulador originado de
modificagdo da nadadeira anal (Loir et al., 1989; Meisner et al., 2000; Burns et al.,

2002; Parreira et al., 2009).

1.5. Morfologia dos ovarios

Os ovaérios da maioria dos Siluriformes sdo do tipo cistovarianos, nos quais o
Iimen ovariano tem continuidade com o oviduto, atraves do qual ovocitos sao liberados
diretamente no meio externo (Bazzoli, 2003; Santos et al., 2006; Barros et al., 2007).

Durante o desenvolvimento ovariano, ovécitos de teledsteos passam por duas
fases distintas: crescimento primario, independente de gonadotrofinas, caracterizado por
alteracdes nucleares e multiplicacdo dos nucléolos nos ovocitos perinucleolares, e
crescimento secundario, sob influéncia de gonadotrofinas, caracterizado pela formacao
dos alvéolos corticais nos ovocitos pré-vitelogénicos e globulos de vitelo nos ovocitos
vitelogénicos (Tyler & Sumpter, 1996; Patifio & Sullivan, 2002).

As mudancas morfologicas no nucleo, ooplasma e camadas circundantes dos
ovocitos caracterizam os diferentes estadios do desenvolvimento ovocitario (Bazzoli,
2003). A morfologia dos foliculos ovarianos dos Siluriformes pode variar de acordo
com as diferentes estratégias reprodutivas, sendo similar entre espécies de mesmo grupo

taxonémico (Suzuki et al., 2000; Rizzo et al., 2002; Santos et al., 2006).
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1.6. Estratégias reprodutivas

Os peixes representam o maior e mais diversificado grupo entre os vertebrados e
as variacdes na historia evolutiva e na morfologia gonadal resultaram em padrdes
reprodutivos variados (Balon, 1984; Loir et al., 1989; Sato et al., 2003). Segundo
Wootton (1984), o sucesso alcancado pelos peixes em ambientes distintos deve-se as
variadas estratégias reprodutivas desenvolvidas pelo grupo, que englobam téticas
extremas que podem variar em funcdo do ambiente, mas algumas séo conservativas.

Entre os Siluriformes da bacia do rio S&o Francisco, Sato et al. (2003)
reconheceram trés padrdes reprodutivos: espécies migradoras, espécies ndo migradoras
e espécies ndo migradoras que apresentam cuidado parental. As espécies migradoras
normalmente se reproduzem no leito dos rios durante a estagdo chuvosa e apresentam
periodo reprodutivo curto, auséncia de cuidado parental, alta fecundidade absoluta, ovos
livres e embriogénese rapida (Rizzo et al. 2002; Brito & Bazzoli, 2003; Sato &
Godinho, 2004; Godinho et al. 2007). As espécies ndo migradoras que ndo apresentam
cuidado parental, possuem periodo reprodutivo intermediario, fecundidade absoluta
intermediaria, ovos livres e embriogénese rapida (Rizzo et al. 2002; Sato et al., 2003).
As espécies ndo migradoras que apresentam cuidado parental, normalmente se
reproduzem em substratos especificos e possuem periodo reprodutivo de intermediario a
longo, baixa fecundidade absoluta, ovos adesivos e desenvolvimento embrionario longo
(Rizzo et al., 2002; Sato et al., 2003; Barros et al., 2007).

Recentemente, Godinho et al. (2009) corroboraram a hipOtese que peixes
teledsteos oviparos de agua doce do Brasil podem ser divididos em dois grupos: peixes
de ambiente lético e de ambiente Iéntico. Os peixes loticos apresentam migracao

reprodutiva, curto periodo de desova, auséncia de cuidado parental, ovos livres, alta
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fecundidade relativa, embriogénese rapida e grande tamanho corporal. Em contraste,
peixes Iénticos ndo realizam migracdo reprodutiva e apresentam longo periodo de
desova, cuidado parental, ovos adesivos, baixa fecundidade relativa, embriogénese

longa e pequeno a médio tamanho corporal.
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2. JUSTIFICATIVA

Estudos agrupando caracteristicas morfolégicas reprodutivas de peixes permitem
comparar os padrdes de historia de vida das diferentes espécies. Estes estudos também
possibilitam analisar as adapta¢cdes morfoldgicas do aparelho reprodutor de cada espécie
frente as estratégias adotadas para alcancar o sucesso reprodutivo. As caracteristicas
morfolégicas do aparelho reprodutor, associadas as adaptacGes para a reproducdo,
definem padrdes reprodutivos como os tipos de migracéo, fertilizagdo, ovo, desova e
cuidado parental, dentre outros.

Pelo fato dos Siluriformes apresentarem muitas familias e espécies, eles
constituem excelente grupo para estudos comparativos. Apesar da abundancia e da
diversidade, ndo existem estudos comparativos sobre a morfologia gonadal de
Siluriformes brasileiros relacionados com as diferentes estratégias reprodutivas do
grupo. Portanto, o presente estudo analisa comparativamente as caracteristicas
morfologicas de testiculos e de ovarios de seis espécies de Siluriformes, de importancia
comercial e ecologica da bacia do rio Sdo Francisco, com o intuito de fornecer subsidios
para analises da reproducdo e da filogenia das espécies, bem como para administracao

racional da pesca e conservacdo dos estoques naturais.
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3. OBJETIVOS

3.1. Objetivo geral

Comparar as caracteristicas morfoldgicas do aparelho reprodutor de machos e
fémeas de seis espécies de peixes Siluriformes da bacia do rio S&o Francisco, em Minas
Gerais.

3.2. Objetivos especificos

e Verificar relacbes anatdmicas, forma, volume, coloracéo e presenca de estruturas
acessorias ao aparelho reprodutor de testiculos e ovarios em atividade
reprodutiva;

e Descrever a histologia dos testiculos maduros quanto ao padréo de distribuicdo
das células espermatogénicas e da secre¢éo testicular;

e Analisar a histologia dos ovarios maduros quanto a morfologia dos ovdcitos
vitelogénicos e camadas envoltorias;

e Realizar a morfometria do didmetro dos ovocitos vitelogénico e da espessura da
zona radiata e das células foliculares,

e Verificar o conteddo histoquimico da secrecdo testicular e dos foliculos
ovarianos dos ovocitos vitelogénicos;

e Comparar as caracteristicas anatdmicas, histologicas, histométricas e
histoquimicas das gbnadas de machos e de fémeas das espécies em estudo;

e Relacionar as caracteristicas morfologicas reprodutivas das espécies com as
diferentes estratégias reprodutivas do grupo.
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4.1. Abstract

The relationship among the morphology of the reproductive apparatus and the
reproductive strategies of six Neotropical catfishes was studied through macro and
microscopic analyses of 151 gonads. The reproductive apparatus of the examined
Siluriformes showed diversified characteristics, but allowed their grouping according to
the reproductive strategies as migratory, non-migratory keepers and internal
inseminating. The great reproductive migratory Pseudoplatystoma corruscans and
Conorhynchos conirostris are characterised by small filiform testicular fringes, absence
of testicular secretion, small diameter of the vitellogenic oocytes, thin zona radiata and
cubic follicular cells. The short distance migratory Pimelodus maculatus is
morphologically distinct from the other migratory catfishes due to the presence of
longer filiform testicular fringes and testicular secretion. The non-migratory keepers
Lophiosilurus alexandri and Rhinelepis aspera present non-filiform testicular
projections, homogeneous testicular secretion, large diameter of the vitellogenic oocytes
and prismatic follicular cells. The most specialized reproductive apparatus was observed
in the internal inseminating Trachelyopterus galeatus which presents a seminal vesicle
accessory to the testes, spermatozoa with elongated nuclei that form spermatozeugmata
and ovarian lamellar epithelium with storage and secretory functions. The morphology
of the reproductive apparatus of the Neotropical catfishes studied presented a clear

influence of the insemination type and of the reproductive strategies of the species.

Keywords: fishes; gonad morphology; secretion; spermatozeugmata; insemination

type; reproductive strategy.
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4.2. Introduction

The Siluriformes are represented by 36 families and 3088 valid known species,
and have a wide geographical distribution with representation on every continent
(Ferraris, 2007). With relation to the distribution of the world’s freshwater catfishes,
nearly 64% are found in South and Central America, 19% of the species occur in Africa,
15% are present in Europe and Southeast Asia while only 2% of the species are found in
North America (Teugels, 1996; Ferraris, 2007). The South American siluriforms
developed a great adaptive radiation that started during the isolation of South America
in the Tertiary period (Lowe-McConnell, 1987). The success achieved by these
catfishes in different environments is partially related to the diverse reproductive
strategies developed by the group (Suzuki et al., 2000; Sato et al., 2003; Sato &
Godinho, 2004; Godinho et al., 2009). Several studies have demonstrated the relation of
the insemination modalities and the reproductive strategies on the morphological
characteristics of the reproductive apparatus of Siluriformes (Loir et al., 1989; Meisner
et al., 2000; Rizzo et al., 2002; Mazzoldi et al., 2007; Spadella et al., 2008).

The morphology of the reproductive apparatus of siluriform males is very
diversified; many siluriform families present testes with digitiform projections or
fringes (Loir et al., 1989; Meisner et al., 2000; Santos et al., 2001; Guimaraes-Cruz &
Santos, 2004; Lopes et al., 2004), while others present compact testes without
projections (Loir et al., 1989; Mazzoldi et al., 2007). In some catfish families the testes
present spermatogonia distributed along the entire extension of the seminiferous tubules
(Guimaraes-Cruz & Santos, 2004; Lopes et al., 2004), and in others the caudal region of
the testes contains seminal vesicles or secretory cells without spermatogenic activity,

having secretory and/or storage functions (Legendre et al., 1996; Meisner et al., 2000;
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Santos et al., 2001). Some species of the Auchenipteridae and Scoloplacidae families
have internal insemination, presenting morphofunctional modifications to the
spermatozoon and in the reproductive apparatus (Burns et al., 2002; Spadella et al.,
2008; Parreira et al., 2009).

Catfish females also have reproductive apparatus with varied morphology
(Suzuki et al., 2000; Bazzoli, 2003). In general, the vitellogenic oocytes of Neotropical
Siluriformes, when compared to those from other teleost orders, present common
characteristics such as thin zona radiata, high follicular cells and a jelly coat
surrounding the released eggs (Rizzo et al., 2002; Bazzoli, 2003). The histological,
histometrical and histochemical variations of the ovarian follicles can be associated with
the different reproductive strategies used by catfishes (Suzuki et al., 2000; Santos et al.,
2006; Barros et al., 2007).

Considering the importance of South American Siluriformes for the
understanding of this order’s, the present study compares the morphological
characteristics of the testes and ovaries of six Neotropical catfishes in relation to some

reproductive strategies of the species.

4.3. Materials and Methods

A total of 151 specimens from six species belonging to four families of
Siluriformes were captured using gillnets between August 2004 and July 2008, at the
Trés Marias Reservoir (18-20° S; 44-46° W) and at the Sdo Francisco River (17°20°45"
S; 44°56°55" W), in the Sdo Francisco River basin, southeastern Brazil. The fishes were
processed according to procedures indicated in the Guidelines for Animal Experimental

established by the Brazilian College for Animal Experimentation (COBEA). Were
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selected for this study fishes sexually mature or in reproductive activity. For each
specimen, the total length (L) and body mass (Mg) were determined (Table 1). The data
on reproductive strategies of the species are summarized on the table 1, with the
respective references.

After dissection, the fresh testes and ovaries were photographed and
macroscopically analysed regarding their shape, colouration and presence of accessory
structures. For the microscopic analysis, fragments of the cranial and caudal regions of
77 testes and 74 ovaries were fixed in Bouin’s solution for 8 to 12 hours, embedded in
paraffin, cut into 3-5um thick sections and stained with haematoxylin-eosin and
Gomori’s trichromic. In histological slides, the diameters of 50 vitellogenic oocytes
from mature ovaries of each species and the thickness of their surrounding layers (zona
radiata and follicular cells) were measured using a micrometric ruler attached to the
ocular light microscope.

To determine the histochemical content of proteins and carbohydrates in the
testicular secretions and in the zona radiata and the follicular cells of the vitellogenic
oocytes from mature ovaries the following histochemical techniques were used (Pearse,
1985): periodic acid Schiff (PAS), Alcian blue (AB) pH 2.5 and pH 0.5, and hydrolysis
with HCI 0.1M (8h at 60°C) for the extraction of sialic acid followed by PAS and AB

pH 2.5.

4.4. Results
Male reproductive apparatus
In the species analysed remarkable morphophysiological differences were

observed mainly in the mature testes, which presented a continuous central portion from
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where projections of varied morphology originated (Fig. 1). Testicular projections in the
form of long filiform fringes were found in Trachelyopterus galeatus and Pimelodus
maculatus (Fig. 1a). Short filiform fringes were observed in Pseudoplatystoma
corruscans and Conorhynchos conirostris (Fig. 1b). In Lophiosilurus alexandri the
testicular fringes were rounded (Fig. 1c) and in Rhinelepis aspera the testicular
projections presented folds, not forming fringes (Fig. 1d). In T. galeatus, in the cranial
region of the testes were observed longer and thinner fringes of whitish colouration,
whilst in the caudal region occurred seminal vesicles with thicker and shorter fringes of
pink colouration (Fig. 1a).

Histologically, the seminiferous tubules from the mature testes of the species
examined showed compartments that communicate with each other, forming a
continuous anastomosed tubular apparatus (Fig. 2a,g,h). The testes of P. corruscans and
C. conirostris exhibited spermatogenic activity throughout their entire extension (Fig.
2a,b), while in T. galeatus, P. maculatus, L. alexandri and R. aspera spermatogenic
activity was observed only in the cranial region and secretory activity in the caudal
region (Fig. 2c,d). In T. galeatus, P. maculatus, L. alexandri and R. aspera was not
observed spermatogenic activity in the caudal region of the testes. Globular acidophilic
secretion associated with spermatozoa was detected in the lumen of the secretory
tubules and in the spermatic duct of the caudal region of testes in P. maculatus (Fig.
2c,d,e). This secretion reacted positively to the PAS and AB pH 2.5 and 0.5 techniques,
indicating the presence of neutral glycoproteins and carboxylic and sulphated acid
glycoconjugates. Homogeneous acidophilic secretion associated with spermatozoa was
detected in the secretory tubules of the caudal region of testes in T. galeatus, L.

alexandri and R. aspera (Fig. 2f), which reacted positively to the PAS technique,
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indicating the presence of neutral glycoproteins. In the testes of P. corruscans and C.
conirostris no type of secretion was observed. In the species P. maculatus, P.
corruscans, L. alexandri, R. aspera and C. conirostris the heads of the spermatozoa
were rounded (Fig. 2g), while in T. galeatus the head of the spermatozoon was

elongated (Fig. 2h).

Female reproductive apparatus

The mature ovaries of the catfishes analysed showed yellowish colouration with
different hues (Fig. 3) and were sacciform in shape (Fig. 3a,b,c,d). A digitiform
protuberance was observed in the cranial region of the ovary of C. conirostris (Fig. 3d).
In the ovaries of the females in reproductive activity, the vitellogenic oocytes presented
distinct morphologic and histometric characteristics, with the largest diameter in L.
alexandri and the smallest in P. corruscans (Table 2). Vitellogenic oocytes with cubic
follicular cells were observed in P. maculatus, P. corruscans and C. conirostris (Fig.
4b) and prismatic follicular cells in the rest of the species (Fig. 4a,c). Elliptical yolk
globules were found in the vitellogenic oocytes of R. aspera (Fig. 4c), while in the other
species these globules were spherical (Fig. 4a,b). The thickest zona radiata was
observed in R. aspera (Fig. 4c) and the tallest follicular cells were found in T. galeatus
(Table 2 and Fig. 4a). The histochemical content of the zona radiata and of the follicular
cells varied among the siluriforms studied (Table 2). In the ovaries of the catfishes
analysed no remarkable morphophysiological differences were detected among the
cranial and caudal regions.

In the lumen of the mature and partially spawned ovaries of T. galeatus, folds of

the cubic epithelium from the ovarian lamellae were observed containing packed
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spermatozoa (Fig. 4d). These spermatozoa were found arranged in parallel with strongly
associated nuclei and inserted in the apical portion of the epithelial cells, characterising
the spermatozeugmata (Fig. 4d,e). The spermatozeugmata were always found in
compact packages stored in the epithelial folds (Fig. 4d,e). Free and dissociated
spermatozoa found inside the female reproductive tract were always surrounded by a
strongly PAS positive acidophilic secretion, that contained neutral glycoproteins (Fig.

4e,1).

4.5. Discussion
Morphology of the testes

Fringes of varied morphology or folded projections were recorded in the testes
of the siluriforms examined. Testicular fringes were also registered in catfishes from the
families Ictaluridae (Sneed & Clemens, 1963), Clariidae (Siscar, 1970), Bagridae (Loir
et al., 1989), Auchenipteridae (Meisner et al., 2000; Mazzoldi et al., 2007), Pimelodidae
(Santos et al., 2001; Lopes et al., 2004) and Pseudopimelodidae (Barros et al., 2007).
Some families of catfishes are characterised by the absence of testicular fringes,
presenting lobe-like elongated testes, as in the Ariidae, Helogeneidae and Callichthyidae
families (Loir et al., 1989; Mazzoldi et al., 2007) or testicular projections with folded
aspect, like in the loricarid R. aspera (present study). The seminal vesicles observed in
the caudal region of the testes in T. galeatus have also been reported in catfishes from
the Clariidae, Heteropneustidae, Auchenipteridae and Callichthyidae families (Siscar,
1970; Loir et al., 1989; Meisner et al., 2000; Mazzoldi et al., 2007), and in teleosts of
the Bleniidae, Batrachoididae and Gobiidae families (Richtarski & Patzner, 2000; Barni

et al., 2001; Mazzoldi et al., 2005).
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In the catfishes studied, the testes have tubular anastomosed seminiferous
tubules, characteristic of the order Siluriformes and from more primitive teleosts (Grier,
1993). In this type of anastomosis, the seminiferous tubules are strongly connected
along the full extension of the testis. In contrast, neoteleosts present anastomoses only
among the seminiferous tubules located in the central region of the testes (Parenti &
Grier, 2004).

The secretory activity of the testes in siluriforms has been attributed to
specialized structures or to specific testicular regions (Meisner et al., 2000; Santos et al.,
2001; Guimardes-Cruz & Santos, 2004; Mazzoldi et al., 2007). In the present study,
during the reproductive period and immediately after spermiation, an acidophilic
secretion associated with the spermatozoa was observed in the secretory tubules of the
caudal region of the testes of T. galeatus, P. maculatus, L. alexandri and R. aspera. In
T. galeatus, this secretion originated in the seminal vesicles which have secretory and
storage functions (Meisner et al., 2000; Parreira et al., 2009). In the species P.
maculatus, L. alexandri and R. aspera, that do not present seminal vesicles, the origin of
the secretion can be attributed to secretory cells located in the epithelium of the testes’
caudal region, as has also been observed in catfishes lheringichthys labrosus, P.
maculatus and L. alexandri (Santos et al., 2001; Guimardes-Cruz & Santos, 2004;
Barros et al, 2007). Through histochemical reactions, glycoproteins and
glycoconjugates were detected in the testicular secretions of the studied catfishes. The
presence of these compounds suggests that these secretions can have similar functions
to the secretions produced by the seminal vesicles of some teleosts, being involved in
the maturation and nutrition of the spermatozoa and playing a role in fertilization

(Lahnsteiner et al., 1990; Mazzoldi et al., 2005; Chowdhury & Joy, 2007).
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In general, fishes with external insemination have aquatic spermatozoa with
spherical or ovoid head, considered evolutionarily primitive (Jamieson, 1991), while
fishes with internal insemination have spermatozoa with elongated head, as observed in
catfishes of the Auchenipteridae family (Loir et al., 1989; Meisner et al., 2000; Parreira
et al., 2009). Our observations confirmed such relationships, where spermatozoa with
rounded head occurred in the external inseminating P. maculatus, P. corruscans, L.
alexandri, R. aspera and C. conirostris. In T. galeatus, a species with internal
insemination, were observed spermatozoa with elongated head, which form compact
packages of spermatozeugmata. In teleosts with internal insemination the nuclear
elongation of the spermatozoa frequently occurs to facilitate the passage of these
through the lobular gonopodium of the males and through the labyrinthic structures of
the females, besides easing the packing for the formation of the spermatozeugmata
(Jamieson, 1991; Burns & Weitzman, 2005). The spermatozeugmata in Trachelyopterus
lucenai and Auchenipterus nuchalis are associated with the secretion from the epithelial
cells in the seminal vesicles, whose function is to integrate and maintain the compact

packages of this structure (Burns et al., 2002; Mazzoldi et al., 2007).

Morphology of the ovaries

In all the species analysed the female reproductive apparatus exhibited an
anatomical organization found in most teleosts, with paired ovaries of the cystovarian
type, in which the ovarian lumen is continuous with the oviduct where the oocytes reach
the external environment (Nagahama, 1983; Bazzoli, 2003). The colouration of the
vitellogenic oocytes from the studied catfishes is yellowish with their hue varying

among the species. The same colouration pattern was observed in eight siluriform
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species, except in Pseudopimelodus charus that have green oocytes (Sato et al., 2003).
The yellow colouration of the oocytes is probably due to the presence of carotenoid
pigments, which include endogenous oxygen sources to be used when the respiratory
apparatus is inefficient in obtaining exogenous oxygen (McElman & Balon, 1980).

Variations in the egg diameter can be related to the different reproductive
strategies of the fishes (Suzuki et al., 2000; Kolm & Ahnesjo, 2005). The diameter of
the vitellogenic oocytes varied among the siluriforms analysed, being largest in L.
alexandri and smallest in P. corruscans. The migratory species P. corruscans, P.
maculatus and C. conirostris, with smaller vitellogenic oocytes, have high absolute
fecundity, non-adhesive eggs and do not display parental care, while the non-migratory
species L. alexandri and R. aspera, with larger vitellogenic oocytes, have low fecundity,
adhesive eggs and exhibit parental care (Rizzo et al., 2002; Sato et al., 2003; Godinho et
al., 2009).

The thickness of the zona radiata in teleosts can reflects adaptations to different
ecological conditions (Fausto et al., 2004; Santos et al., 2006), since demersal eggs tend
to have a thicker zona radiata than pelagic eggs to avoid injury to the developing
embryo (Stehr & Hawkes, 1979; Riehl, 1996). Rhinelepis aspera have demersal eggs
and spawns in rocky substrates (Sato et al., 2003), where the eggs suffer more abrasion,
therefore this species presents vitellogenic oocyte with thick zona radiata, as has also
been observed in some loricariid catfishes (Suzuki et al., 2000). Lophiosilurus alexandri
also have demersal eggs but since it spawns in sandy substrates (Sato et al., 2003;
Barros et al., 2007), and hence subject to a less physical damage, it presents thinner

zona radiata. The species P. maculatus, P. corruscans and C. conirostris spawns on the
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surface of the water and their pelagic eggs disperse freely downstream (Sato &
Godinho, 2004; Godinho et al., 2007), therefore they also present thin zona radiata.

The morphology of the follicular cells is variable depending on the species and
the stage of oocyte development (Suzuki et al., 2000; Bazzoli, 2003). Normally, high
follicular cells of the vitellogenic oocytes have greater synthesizing capacity (Favaro et
al., 2005; Santos et al., 2006), which probably are able to synthesise mucosubstances
that are transferred to the surface of the zona radiata, aiding in the egg’s adhesiveness
and facilitating parental care, as has been observed in the catfishes Silurus glanis and L.
alexandri (Abraham et al., 1993; Barros et al., 2007). In fact, during this study the
highest follicular cells were registered in the vitellogenic oocytes of T. galeatus, L.
alexandri and R. aspera, which have adhesive eggs and parental care. Regarding to T.
galeatus the results of this study and the information available in literature are not
enough to state that the species has parental care.

In the mature ovaries of the catfishes examined, the histochemical analyses of
the zona radiata and the follicular cells showed differences in content between
migratory and non-migratory catfishes. The neutral glycoproteins associated with the
carboxylic acid glycoconjugates found in the follicular cells of the non-migratory L.
alexandri and R. aspera can form mucosubstances that are transferred to the zona
radiata, conferring adhesiveness to the eggs, as observed in other Neotropical catfishes
(Favaro et al., 2005; Santos et al., 2006; Barros et al., 2007).

In the present study, spermatozeugmata packages were observed stored in
narrow and tortuous folds of cubic lamellar epithelium in T. galeatus females. In
siluriforms, the insemination of spermatozoa inside the ovaries was registered only in

the Auchenipteridae and Scoloplacidae families (Loir et al., 1989; Meisner et al., 2000;
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Burns et al., 2002; Mazzoldi et al., 2007; Spadella et al., 2008; Parreira et al., 2009).
The spermatozeugmata stored in the epithelial cells from the ovarian lamellae of the
mature and partially spawned ovaries of T. galeatus can represent an important strategy
to maintain the viability of the spermatozoa for long periods. Meisner et al. (2000) state
that these spermatozoa can remain in the ovaries for six months in T. lucenai. The
abundant acidophilic secretion observed in the ovarian lumen of T. galeatus, during the
reproductive period, appears to be secreted by ovarian lamellar epithelium, as reported
in the teleosts Syngnathus scovelli and Alcichthys alcicornis (Begovac & Wallace, 1987;
Koya et al., 1995). This secretion was always detected associated with free spermatozoa
inside the female reproductive tract of T. galeatus. Histochemical analyses revealed the
presence of neutral glycoproteins in this secretion, which due to their chemical nature,
can possibly act as an energy source for the spermatozoa (Chowdhury & Joy, 2007).
When comparing the reproductive characteristics of the analysed siluriforms a
clear influence of the insemination type and of the reproductive strategies are observed
on the morphological specializations of the reproductive apparatus of both males and

females.
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Figure 1. Macroscopic characteristics of mature testes of Siluriformes: (a) Long
filiform fringes and seminal vesicle in the testis of Trachelyopterus galeatus. (b) Short
filiform fringes in the testis of Pseudoplatystoma corruscans. (¢) Rounded fringes in the
testis of Lophiosilurus alexandri. (d) Folded projections in the testis of Rhinelepis
aspera. Fi, testicular fringes; Sv, seminal vesicle; Sd, spermatic duct; Fo, testicular

folds; Cr, cranial and Cd, caudal regions.
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Figure 2. Transversal sections of Siluriformes testes stained with haematoxylin-eosin
(a-h): (a) Fringes and spermatic duct full of spermatozoa in the mature testis of
Conorhynchos conirostris. (b) Detail of spermatogenic cells in the germinal epithelium
of the seminiferous tubules of C. conirostris. (c) Acidophilic globular secretion
associated to spermatozoa in the lumen of the secretory tubules of the caudal region of
partially spent testis of Pimelodus maculatus. (d) Detail of the secretory cells in the
epithelium of the secretory tubules of P. maculatus. (e) Detail of globular secretion in
the spermatic duct of the caudal region of testis of P. maculatus. (f) Homogeneous
acidophilic secretion associated with spermatozoa in the lumen of the secretory tubules
of the caudal region of partially spent testis of Rhinelepis aspera. (g) Lumen of the
seminiferous tubules full of rounded-head spermatozoa (inset 1) in the cranial region of
the mature testis of Lophiosilurus alexandri. (h) Lumen of the seminiferous tubules full
of elongated-head spermatozoa (inset 2) in the cranial region of the mature testis of
Trachelyopterus galeatus. Fi, fringes; Sd, spermatic duct; Spc, spermatogenic cells; Sz,
spermatozoa; S, secretion; Sc, secretory cells. Scale bar (a, b, ¢, e, f, g, h) = 100 um;

Scale bar (d) and Inset (1, 2) = 500 pum.
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Figure 3. Macroscopic characteristics of mature ovaries of Siluriformes: (a) Sacciform
ovaries of Trachelyopterus galeatus. (b) Sacciform ovaries of Lophiosilurus alexandri.
(c) Sacciform ovaries of Pimelodus maculatus. (d) Sacciform ovaries with cranial

diverticulum of Conorhynchos conirostris.
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Figure 4. Transversal sections of Siluriformes ovaries stained with haematoxylin-eosin
(a c, d, e, f) and Gomori’s Trichromic (b). (a) Detail of the vitellogenic oocyte of
Trachelyopterus galeatus, showing spherical yolk globules, cortical alveoli with large
vesicles, thin zona radiata, prismatic follicular cells and conjunctive theca. (b) Detail of
the vitellogenic oocyte of Pseudoplatystoma corruscans, showing spherical yolk
globules, thin zona radiata and cubic follicular cells. (c) Detail of the vitellogenic oocyte
of Rhinelepis aspera, showing elliptical yolk globules, cortical alveoli with small
vesicles, thick zona radiata and prismatic follicular cells. (d) Spermatozeugmata
packages inserted in the apical portion of the cubic epithelium folds in the mature
ovaries of T. galeatus. (e) Spermatozeugmata stored in the ovarian epithelium and
dissociated spermatozoa surrounded by acidophilic secretion in the mature ovaries of T.
galeatus. (f) Dissociated spermatozoa surrounded by abundant ovarian secretion of T.
galeatus. Yq, yolk globules; Ca, cortical alveoli; Zr, zona radiata; Fc, follicular cells; T,
theca; E, ovarian epithelium; Szg, spermatozeugmata; Vo, vitellogenic oocyte; Sz,

spermatozoa; S, secretion. Scale bars (a, b, ¢, d, e, f) = 200 um.
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Table 1. Sex and number of specimens (n), range of total length (Lt) and body mass (Mg), and the major reproductive strategies of the Neotropical

catfishes examined.

Families/Species® Males Females _ Reproductive Strategies
n Ly (cm) Me (Q) n Ly (cm) Me (Q) Inse_rp;gztlon Migration  Egg Type Pag:?:al

Auchenipteridae

Trachelyopterus galeatus 13 16.5-20.0 42-83 14 17.4-22.8 84-115 internal  non-migratory® adhesive® -
Pimelodidae

Pimelodus maculatus 15 17.3-24.9 74-435 15 19.0-42.6  107-1018 external migratory” free! no?

Pseudoplatystoma corruscans 14 59.4-143.1 1150-26930 10 60.1-140.3 1420-23510 external migratory” free! no?
Pseudopimelodidae

Lophiosilurus alexandri 11 46.7-60.8 1220-2660 13 43.5-56.8  997-2200 external  non-migratory? adhesive’  yes’
Loricariidae

Rhinelepis aspera 12 32.0-45.5  334-1037 12 28.2-41.4  261-718 external  non-migratory? adhesive®  yes’
Incertae sedis

Conorhynchos conirostris* 12 35.3-71.9 350-3900 10 36.3-76.9  364-4950 external migratory’ free! no’

According to 'Rizzo et al., 2002; “Sato et al., 2003; *Santos et al., 2004; *Sato and Godinho, 2004 >Agostinho et al., 2007; °Ferraris, 2007.

*Previously included in the family Pimelodidae.
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Table 2. Histometrical and histochemical characteristics of vitellogenic oocytes of the
Neotropical catfishes analyzed: mean + sg oocyte diameter (OD), thickness and

histochemical content of the zona radiata (ZR) and follicular cells (FC).

Histometric Histochemistry
Species OD (um) ZR (um)  FC (um) ZR FC
T. galeatus 813.8+91.4 12+03 984+76 NGP NGP + GPS

P. maculatus 496.1+65.3 1.7+0.6 254+52 NGP+CGC NGP +SGC
P. corruscans 488.6 + 53.1 12+04 188+29 NGP + CGC NGP + SGC
L. alexandri 1505.8+197.1 15+05 389%43 NGP NGP + CGC
R. aspera 956.2+1827 48%+10 523+9.1 NGP NGP + CGC

C. conirostris  523.3 +66.0 1.8+04 298%57 NGP + CGC NGP + SGC

NGP, neutral glycoproteins; GPS, glycoproteins rich in sialic acid; CGC, carboxylic
acid glycoconjugates; SGC, sulphated acid glycoconjugates.
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5. CONCLUSOES
A morfologia do aparelho reprodutor de machos e fémeas dos Siluriformes
analisados apresentou caracteristicas similares entre peixes migradores, ndo migradores

com cuidado parental e inseminador interno, tais como:

e Espécies Migradoras (P. maculatus, P. corruscans e C. conirostris)
- Grande tamanho corporal;
- Franjas testiculares filiformes;
- Espermatozdides com cabega arredondada;
- Auséncia de secrecdo testicular (exceto P. maculatus - secrecdo globosa);
- Pequeno diametro dos ovdcitos vitelogénicos;
- Zona radiata delgada;

- Células foliculares cubicas.

e Espécies ndo migradoras com cuidado parental (L. alexandri e R. aspera)

- Tamanho corporal mediano;

- Franjas arredondadas ou projecdes pregueadas;

- Espermatozdides com cabeca arredondada;

- Secrecdo homogénea produzida na regido caudal dos testiculos;
- Grande diametro dos ovacitos vitelogénicos;

- Zona radiata com espessura variada;

- Células foliculares prismaticas.



Espécie com inseminacdo interna (T. galeatus)

- Tamanho corporal pequeno;

- Franjas filiformes;

- Vesicula seminal acessoria ao testiculo;

- Espermatozdides com cabeca alongada que formam pacotes de
espermatozeugma;

- Grande diametro dos ovdcitos vitelogénicos;

- Zona radiata delgada;

- Células foliculares prismaticas;

- Epitélio lamelar ovariano com fung¢fes armazenadora e secretora.
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