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RESUMO

Sympterygia acuta e S. bonapartii sdo duas espécies de raias oviparas endémicastda c
Sul - Ocidental do Oceano Atlantico. No Brasil, asbs espécies completam seu ciclo de
vida nas aguas costeiras do Sudeste e Sul. O eudproducdo das espécies em questao
foi realizado trés décadas atras na regidao SurasilBconstituindo uma valiosa referéncia
para a avaliacdo do potencial reprodutivo destpécess durante muito tempo. Porém,
além de nunca ter sido publicado, os parametrosdefivos nele estimados encontram-se
desatualizados e possivelmente ndo se aplicam anaestado das populagbes atuais.
Estudos reprodutivos e bonapartii referentes as populacdes da costa da Argentioa e d
Uruguai. Foram realizados posteriormente estudas dgmonstraram mudancas no
potencial reprodutivo de rajoideos através do terapndo a pressdo pesqueira um dos
fatores que atuarem sobre estes processos. O tpresstndo teve como objetivo
providenciar um panorama atual sobre a biologiepeoducéo d&. acuta e S bonapartii

no sul do Brasil, em termos de desenvolvimentoaexa nivel macro e micro-anatémico.
Um total de 262 exemplares foram coletados entred& e machos das duas espécies,
provenientes de cruzeiros de pesquisa e cruzearbetd comercial de pesca de arrasto de
fundo no sul do Brasil. Foram coletados e regissadados de diferentes parametros
reprodutivos, e também os tratos reprodutivos deaamas espécies foram extraidos para
andlises de histologia. Os resultados obtidos édradas analises dos parametros
reprodutivos incluiram a descricdo do desenvolvimeexual, as relacdes morfométricas
e calculo C%y de maturidade. Este ultimo resultou em valoregl4l@ e 46,1 cm em
fémeas e machos &acuta, respectivamente& bonapartii apresentou valores de e

59,9 e 58,4 cm, indicando mudancas através do terapoo tamanho de maturidade.



Foram identificados os sete estagios da espernmsgédas espécies em questao,
validados atraves de estudos realizados em owpagies de elasmobranquios. Alem foi
descrita a micro-anatomia através de analisesldustas dos tratos reprodutivos e
gbnadas de machos de ambas as espécies estudadiEscrdo dos estigios da
espermatogénese permitiu o calculo dgg@iistolégico, correspondendo a 44,7 e 54,6 cm
emS acuta e S bonapartii, respectivamente. Estes valores, quando compatcado€£ T
morfolégico, apresentaram diferengcas em ambas pécies estudadas, com valores
menores de tamanho de maturidade com o método gg hiBtolégico. A analise
histologica do trato reprodutivo masculino, em asnba espécies, mostrou diferencas

durante o desenvolvimento sexual.



ABSTRACT

Sympterygia acuta and S.bonapartii are two species of oviparous skates endemic to the
coast of the Western Atlantic Ocean. In Brazil,hbgpecies make their life cycle in the
coastal waters of Southeast and South. A studyhenmédproduction of these species had
been conducted three decades ago in southern,Rrazdtituting a valuable reference for
the evaluation of the reproductive potential. Hogrebesides never being published, such
estimates of the reproductive parameters are @adatd may no longer apply to the
current population status. Further studies werdopaed on the reproduction @&
bonapartii referring to populations from the coast of Argeatiand Uruguay.
Reproductive studies on different rajoids, caseat&tnated changes in the reproductive
potential over time, and the fishing pressure wdumddthe most important factor that
influence these processes. The present study din@dovide a current study on the
reproductive biology ofs acuta andS bonapartii in southern Brazil, in terms of sexual
development at the macro and micro-anatomical séaietal of 262 males and females of
Sympterygia spp were collected, from research and commerciibinotraw! cruises
operating in southern Brazil. Data on differentrogjuctive parameters were obtained, and
also the reproductive tracts of both species watea@ed for histological. results on
reproductive parameters included description ofsdweual development, morphometric
relationships and the total length at 50% matw@dtymate (Tkg), Were observed through
time in the size of maturity, being found splvalues of 44.7 and 46.1 cm in females and
males ofS. acuta, respectively. Fo& bonapartii, TLso was 59.9 and 58.4 cm, respectively.
Seven stages of the spermatogenesis of the speciggestion were identified and

validated with studies carried out in other elasranbhs. Was described micro-anatomy



through histological analysis of the gonads andodyrctive tracts of males in both
species. The description of the stages of sperreaésis allowed the calculation of
histological Tlso, which corresponded to 44.7 and 54.6 crs.iacuta andS. bonapartii,
respectively. These values, when compared with rti@phological Ty showed
differences in both species, with lower values tfee histological method. Histological
analysis of the male reproductive tract in bothcEseshowed differences during sexual

development.



1. INTRODUCAO

A Classe Chondrichthyes estd formada por todospeizes de esqueleto
cartilaginoso, agrupando de modo geral as quimarbardes e raias. Estes dois ultimos
pertencem a Subclasse Elasmobranchii. Entretamotrad do grupo das raias, ou
Batoidea, esta contida a subordem Rajoidei, quieiiisomente espécies com modo
reprodutivo oviparo (Hamledt al., 2005).

O géneroSympterygia (Muller & Henle, 1837) é formado por quatro espéci
oviparas endémicas das costas sul da América dd\8slaguas costeiras do Sul do
Chile, no Oceano Pacifico, ocorrem exclusivamente espéciesSympterygia
brevicaudata (Cope, 1877) &mpterygia lima (Poeppig, 1835) (McEachran & Miyake.
1990). Na costa sul - Ocidental do Oceano Atlans&o encontradas as espécies
Sympterigya acuta (Garman, 1877) 8/mpterygia bonapartii (Miller & Henle, 1841),
sendo endémicas dessa regido (McEachran, 1982).

A raia S. acuta encontra-se distribuida entre 22° e 43°20’ S, guas costeiras
rasas em profundidades que variam entre a linhaodta até 40 m (Menni, 1973;
Menni, & Stehmann, 2000). Por outro lado, Menesd3agsch (2003) afirmam q&e
acuta é encontrada em aguas costeiras até 188 m dengrddule, sendo comumente
encontrada na is6bata de 50 m de profundidade évaak, 2004). No BrasilS acuta
completa todo seu ciclo de vida na zona costeinglataforma Sul, ocorrendo ao longo
do ano sem variagdes sazonais na sua abundanc@u@mz, 1984; Vooren, 1997.
uma espécie presente em ambientes relacionadogstadrios ao longo de todo o ano
(Diaz Andradeet al., 2009), e constitui um recurso econémico impaeara maior

parte da sua area de distribuicdo (De Queiroz,;1984szet al., 2004).



A espécieS. bonapartii apresenta uma distribuicdo espacial restrita parasta
sul - Ocidental do Atlantico, sendo encontrada destititude de 32° S, no Rio Grande
do Sul, até a latitude 44° S, no norte da ArgentRegistros de ocorréncia &
bonapartii no Estreito de Magalhdes (Chile) sdo consideratdiosdosos (M. C.
Oddone, obs. pess.). A espécie é encontrada atéfungidade de 100 m (Menni &
Stehmann, 2000; Massa & Lamilla, 20@&ndo mais abundante em areas estuarinas na
plataforma Argentina, com um pico de abundanciemaslo entre a primavera e o
verao (Mabraganiet al., 2002).

Os rajoideos, assim como 0s peixes cartilaginogogezal, caracterizam-se por
apresentar uma baixa taxa de fecundidade anual,nuabaracdo sexual tardia e alta
longevidade (Dulvyet al., 2000). Estas caracteristicas, somadas a umdaakkade
exploracdo pesqueira nos Ultimos anos, levaramealinid de varias populagbes tanto
de raias como de tubardes no mundo. No caso duisleéap, a vulnerabilidade a pesca
excessiva € tal que existem casos confirmados tiec@a local pardipturus laevis
(Mitchill, 1818), D. batis (Linnaeus, 1758),D. oxyrhinchus (Linnaeus, 1758) e
Rostroraja Alba (Lacepede, 1803) (Dulvgt al., 2000; Dulvy & Reynolds, 2002), e
possivelmente outras. Dentro da classificacdo ¢ldéd.ista Vermelha de espécies em
perigo de extingdo, da Unido Internacional paraoas€rvacao da Natureza — UICS,
acuta esta catalogada como “vulneravel” (VU) (Massa &bfar, 2004) €. bonapartii
como “dados insuficientes” (DD) (Massa & Lamill®Q2).

A quantidade de batoideos desembarcados nos poosEstados do Rio
Grande do Sul e Santa Catarina vem aumentandmgcalodo valores de 776 t e 1458 t

por ano, respectivamente, estes valores represemiatte 19% e 34%, dos



elasmobranquios demersais desembarcados paraegfsss (Oddone, 2003; Casaini,
2006). No Sudeste e Sul do Brasil, os rajoideoxe&mmente capturados com arrasto
de fundo (arrasto de parelha e de portas) e tamdmémredes de emalhe de fundo,
principalmente na plataforma continental internag&ini, 1999; 2006).

Estudos relacionados a distribuicéo, dieta e bialogprodutiva das espécis
acuta e S. bonapartii foram realizados em décadas passadas na platafomtiaental
do Rio Grande do Sul (De Queiroz, 1984; De Queit@85; Pires, 1987). Na costa da
Argentina e Uruguai foram realizados estudos deotegdo e abundancia ef
bonapartii (Mabragafaet al., 2002; Oddone & Velasco, 2004), desenvolvimento
embrionario ent. bonapartii (Jafiez & Sueiro, 2006, 2009) e aspectos histalégio
trato reprodutor feminino e acuta e S. bonapartii (Diaz Andradeet al., 2009, 2011;
Galindez & Estecondo, 2008; Galind&zl., 2010). Aspectos relacionados a biologia
reprodutiva de elasmobranquios, tal como de oyedses, podem mudar ao longo do
tempo, como € o caso da diminuicdo do tamanho ohaepa maturidade sexual,
desenvolvimento precoce das gonadas, entre otaa@s¢h & Oddone, 2008).

Devido ao forte endemismo das rataacuta e S. bonapartii na zona costeira do
Sul do Brasil, e pelo fato de serem estas espéaaieecurso alvo da pesca da regiao, €
de se esperar uma diminuicdo das suas populacG@sprximos anos, como
consequéncia da sobreexplotacdo que vem sofrendey(Bt al., 2000). As raias em
geral precisam de uma idade avancada para amaduoegee as torna um recurso
vulneravel, pois a pesca afeta fortemente aquettgidluos que ainda ndo alcancaram a

maturidade sexual (Dulvy & Reynolds, 2002; Iglesitaal., 2009).
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A pressado de pesca influencia diretamente as eaistatas reprodutivas dos
elasmobranquios, podendo afetar o ingresso de ndivéduos nas populacdes e ainda
fazer com que as populagdes respondam com menanit@ma primeira maturidade
sexual (Walters & Martell, 2004). Por tal motivefdos atuais que avaliem parametros
reprodutivos nas espécifsacuta e S. bonapartii S0 necessarios para garantir o correto

manejo destas populagdes.

2. OBJETIVOS

2.1 GERAL
Estudar os parametros da reproduca®gapterygia acuta e S. bonapartii na

plataforma sul do Brasil.

2.2 ESPECIFICOS
Para ambos os sexos$enpterygia acuta e S bonapartii:
2.2.1 Reconhecer dimorfismo sexual relacionadgacémetros morfométricos.
2.2.2 Analisar o desenvolvimento sexual com relagd diferentes estruturas
reprodutivas e aos estagios de maturidade estalmsec
2.2.3 Determinar o tamanho da primeira maturidacteal.
Para fémeas de ambas as espécies
2.2.4 Determinar a fecundidade ovariana.
Para machos das duas espécies em questao:

2.2.5 Caracterizar histologicamente os difereestfgios da espermatogénese.

11



2.2.6 Analisar os aspectos micro-anatomicos daldetesticular e do trato
reprodutor masculino que incluem o epididimo, gléadle Leydig, ducto deferente e
vesicula seminal.

2.2.7 Determinar o tamanho de maturidade atraeéséchicas histoldgicas e
comparar com o calculado através das estruturdsldgicas.

2.2.8 Identificar os graus de maturidade estaloklecde acordo com as

caracteristicas micro-anatdémicas do trato reprocésculino.

3. METODOLOGIA

3.1 Amostras e area de estudo

As amostras d8ympterygia spp. foram obtidas através de duas fontes:

i) cruzeiros na lancha "Larus”, do Instituto de @wmgrafia da Universidade
Federal do Rio Grande, de um dia de duracdo, duraato, junho, julho e agosto de
2011.

i) dois embarques na frota de pesca comerciabtjueno Rio Grande do Sul, o
primeiro realizado entre 22 e 30 de setembro d4,28 0 segundo entre 30 de janeiro e
10 de fevereiro de 2012. A area de estudo estdidzada na plataforma continental
interna do Sul do Brasil, entre Concei¢do e Chsilatitudes de 31° 43'S e 33°45'S,

em profundidades entre 15 e 142 m.

3.2 Morfometria e biometria

Para cada individuo coletado foram registrado®gsistes dados:

12



Comprimento total (CT), medido desde o focinho atéxtremidade distal da
nadadeira caudal; e largura do disco (LD), medmoa@ o comprimento maximo entre
0s extremos distais das nadadeiras peitorais;tpesqPT), peso eviscerado (PE), peso
do figado (PF) e peso das gonadas (PG).

Nos machos foram registrados os seguintes dadogranento do clasper e da
glandula clasper, numero de espinhos alares e wudeefileiras de espinhos alares.
Foram registrados espinhos alares considerados cbeno desenvolvimento”,
identificados como uma marca translucida circularepiderme mais escuraersu
Oddone & Vooren, 2005). O estado de calcificacdo daf@sper foi avaliado
manualmente e classificado como "flexivel" ou ‘tadi

Nas fémeas foram registrados os seguintes dadog dbs glandulas ovidutais
(AGO), de acordo com Serra Pere@taal. (2011), numero de foliculos vitelogénicos
maiores que 1 cm (Mabragaétzal., 2002) e menores do que 1 cm (Diaz Andetcé.,
2011), didmetro e cor do maior foliculo ovariangresenca ou auséncia de capsulas
ovigeras no Utero e na cloaca (Oddone & Vooren5R00

De acordo com o desenvolvimento das estruturasodepvas acima
mencionadas em relacdo ao CT, os individuos fotassiicados em trés categorias de

maturacao: imaturo, adolescente e maduro (Oddoaie 2007).

3.3 Andlise dos dados

Para ambas as espécies e sexos foram estabelasidala¢cdes morfométricas

entre CT e PT, CT e PE e LD e CT. Os dados foramstormados (Logl10) para se
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tornarem lineares e foi utilizado o teste F (Sodg88) na comparacao das curvas entre
Sexos.

A equacdo logistica foi utilizada para estimar maaho da maturidade sexual,

conforme: PCT =1/ (1-e (a + b CT)), onde:

PCT é a fracdo de individuos maduros para cadaeclde CT; a e b sdo parametros.

O CTsg, ou 0 tamanho para o qual 50% da populacéo € amautado pela razéo de a /
b (Restrepo & Watson, 1991).

O teste t de Student foi aplicado para testar &tsianno nimero de espinhos
alares e de fileiras de espinhos alares entre padade na comparac¢do entre o numero
de foliculos ovarianos entre as fémeas maturasasvacs nao ovadas (Sokal & Rohlf,
2012). O teste de F foi utilizado para avaliar aspn¢ca de dimorfismo sexual nas
relagcbes CT-LD, CT-PT e CT-PE (Souza, 1998). Osimatros reprodutivos foram
expressos em termos de média e desvio padrdo (m&ly. Em todos os casos, "n" é
o tamanho da amostra. Consideram-se para todosstes taplicados um nivel de
significancia de 0,05.

Como complemento das analises histolégicas apbkcaaias machos, foi
calculado o indice gonadossomatico (IGS) para neadbh@ambas as espécies estudadas,
de acordo com King (1995), como IGS = (PG / PEY8.10s valores do IGS foram
comparados com os valores de CT e de tamanho dpeclpara cada estagio de
maturidade e em ambas as espécies.

O CTsp histolégico foi calculado aplicando-se a equag@jstica anteriormente

descrita a proporcdo de machos que apresentaras asdases da espermatogénese no
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testiculo. O valor obtido foi contrastado com osgorfoldgico, tal como descrito por

Nolanet al. (2002).

3.4 Preparo das amostras para analises histoldgicas

Os tratos reprodutivos de machos Sleacuta e S. bonapartii foram extraidos
imediatamente apdés a captura e fixados com formalif% durante 24 horas.
Posteriormente, as amostras foram armazenadaseot @%. Os testiculos (testiculo
e orgao epigonal) foram seccionados transversagmaatregido anterior do segundo
quarto da metade das gonadas (ICES, 2010). Sedegdé=cido orientadas no plano
transversal foram retiradas da regido superior gididimo e da glandula de Leydig
(Jones & Hamlett, 2006). Também foram obtidos sodeentados no plano coronal
para os ductos deferentes e vesicula seminal.

Para as analises histolégicas, as amostras forlamesidas a um processador de
tecidos (Leica ASP-200). Posteriormente, o tecidioeimbebido em Paraplast Xtra
(Sigma P3808), e cortes histologicos den® foram obtidos utilizando um micrétomo
rotativo automatizado (Leica RM2255). Os cortesohigjicos foram corados com
Hematoxilina e Eosina (HE), a reacdo do Acido Ric de Schiff (PAS) e Alcian
Blue (AB) pH 1,0 e 2,5 (Carson e Hladik, 2009).

A classificagdo histologica dos estagios da espegéaese foi realizada
utilizando os parametros propostos por Maruakal. (1996). Os ductos masculinos
foram avaliados tomando em consideragdo o tipopitélie interno e a presenca de

reatividade para os corantes PAS e AB pH 1,0 e 2,5.
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3.5 Aquisicéo de imagens
As imagens foram capturadas através de um micrasad@ campo claro

Olympus BX 51 com camera de alta resolugao Olynijieis2, em diferentes aumentos.

4. RESULTADOS

4.1 Relacdes morfométricas er8. bonapartii e S. acuta

Foram analisados 92 exemplares machoS. thbenapartii. O comprimento total
(CT) variou entre 47,2 e 76,8 cm. Individuos imasuapresentaram CT de 47,2-62,5
cm; adolescentes apresentaram CT de 55-71,6 cruaettg que nos exemplares
maturos o CT variou de 58,6 até 76,8 cm. A relagdtoe o LD e CT nos machos foi
linear (LD= 2,213+0,6252*CT; & 0,911).

Um total de 125 exemplares fémeas 8e bonapartii foi analisado. O
comprimento total (CT) variou de 30,8 a 79,1 cmmeé&és imaturas apresentaram
variacdo de 30,8 a 67,5 cm no CT. Adolescentesaptaram CT entre 36,8 e 73,3 cm.
Em fémeas maturas o CT variou de 58,0 a 79,1 coyasto que o CT em fémeas
ovadas variou entre 68,0 e 71,2 cm. A relacdo aptada entre LD e CT em fémeas foi
linear (LD= 1,921+0,6488*CT; & 0,890).

Diferencas significativas (p<0,05) foram detectadsdre os sexos para as
relacbes CT-LD, CT-PT e CT-PE p&abonapartii.

Um total de 17 exemplares machosSlacuta foi registrado, com CT variando
entre 29,5 e 56,5 cm. Os valores de CT para ogithdis imaturos variaram entre 29,5

e 47,0 cm. Adolescentes apresentaram CT entree43f85 cm. O CT de individuos
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machos maturos variou entre 47,0 e 56,5 cm. Adelaptre o LD e CT nos machos foi
linear (LD= 2,275+0,5069 *CT; & 0,956).

Entre de 28 fémeas analisadasSlecuta, o CT variou de 21,0 a 60,0 cm.
Fémeas imaturas apresentaram CT de 21,0-51,4 awtesadntes de 48,9-52,7 cm, e
fémeas maturas de 49,6-60,0 cm. Fémeas ovadagriaresn CT entre 47,7 e 58,0 cm.
A relacdo entre o LD e CT em fémeas foi linear (1L[295+0,5181*CT; R= 0,970).

Em S acuta as relagdes entre CT-LD, CT-PT e CT-PE foram dexerste dimorficas.

4.2 Desenvolvimento sexual de machos 8gmpterygia bonapartii

O comprimento do clasper em individuos imaturosouaentre 3,8-11,3 cm.
Adolescentes apresentaram comprimento do clasper @5 e 15,4 cm e em machos
maturos estes valores variaram entre 13,5 e 18,Ddmicio da calcificacdo do clasper
aconteceu no CT de 55,2 cm. Oggibi estimado em 53,2 cm (R= 0,81, n= 92).

O comprimento da glandula do clasper em individomguros variou entre 1,8 e
3,6 cm. Em adolescentes este comprimento vario3,Hea 6,7 cm e em individuos
maturos variou entre 5,5 e 9,0 cm. O ponto dexéfleda relacdo glandula do clasper -
CT foi estimado em 57,3 cm (R= 0,60; n= 92).

Lébulos testiculares foram visiveis macroscopicamenpartir do CT de 47,2
cm. Individuos imaturos tinham lobulos testicularem didmetros variando entre 0,1 e
0,5 cm. O didmetro do l6bulo em adolescentes vagioine 0,3 e 0,7 cm. Machos
maturos tinham lobulos testiculares com didametnbeed,3 e 0,8 cm.

O peso testicular variou de 1,5 a 21,1 g em imatuentre 8,4 e 32,1 g em

machos adolescentes, e entre 10,2 a 34,7 g emasatur
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O namero de fileiras de espinhos alares variou @& Bm cada nadadeira peitoral, sem
diferenca significativa entre nadadeira peitorgjuesda e direita (p= 0,91). O ndmero
de espinhos alares variou entre 6 e 88 na nadadiesita e 6 e 94 na esquerda, sem
diferenca significativa entre ambas as nadadepas((98). O numero de espinhos
alares em desenvolvimento variou de 6 a 24 e d&6 para as nadadeiras peitorais
direita e esquerda, respectivamente. Nao houveedifa significativa entre ambas as
nadadeiras (p= 0,82). Individuos imaturos com d&@Enem desenvolvimento
apresentaram CT menor que 62,5 cm. Individuos sdemeées com CT entre 50 e 71,5
cm apresentaram espinhos em desenvolvimento, eétanfdram registrados em dois
exemplares maturos com CT de 59,6 e 61,3 cm, respeente. O Cd, foi estimado
em 58,4 cm (R= 0,98; n= 92) para os machoSydgterygia acuta.

4.3 Desenvolvimento sexual de machos 8gmpterygia acuta

O comprimento do clasper variou entre 0,9 e 3,7 gama individuos imaturos,
entre 7,6 e 9,4 cm em exemplares adolescentesre B8t e 13 cm em individuos
maturos. O inicio da calcificacdo do clasper ocome CT de 43,8 cm. O ponto de
inflexdo da curva logistica aplicada a relacdo @bdmprimento do clasper foi de 43,9
cm (R =0,69; n=17).

Individuos com CT entre 43,8 e 52,5 cm apresentgiandula do clasper com
comprimento entre 2,3 e 5,2 cm. O ponto de inflegdm relagdo da CT - glandula
clasper, descrita por uma curva sigmoide, foi 52/85§R = 0,58; n = 11).

O peso testicular variou entre 0,55 e 1,38 g enviithdlos imaturos, entre 5 e 10

g nos exemplares adolescentes, e entre 6 e 13¢% gnachos maturos.
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O numero de fileiras de espinhos alares varioueehte 6 para as nadadeiras
peitorais direita e esquerda, sem diferenca sagitifia entre as duas fileiras (p = 0,75).
O nuamero de espinhos alares variou entre 16 a 7adwdireito e entre 14 a 68 na
nadadeira peitoral esquerda, sem diferenca egtatisttre estes (p = 0,86). O 4T

para machos d& acuta foi de 46,1 cm (R = 0,99; n = 17).

4.4 Desenvolvimento sexual de fémeas 8gmpterygia bonapartii

Fémeas com peso de ovarios entre 1,2 e 1,9 g fowasideradas imaturas, sem
atividade vitelogénica. Fémeas adolescentes apeaeaen foliculos ovarianos
correspondentes a dois tipos: brancos e amarelosum peso gonadal variando entre
0,5 e 16,2 g. Fémeas com peso de ovario entre 483 g, foram consideradas
maturas apresentando foliculos vitelogénicos amsrdFoliculos vitelogénicos em
fémeas ovadas pesavam entre 28,1 e 72,2 g.

O diametro de foliculos brancos foi de 0,1-1 cmoearh registrados em
individuos imaturos e adolescentes com CT de até ég&h. A vitelogénese foi
macroscopicamente evidenciada quando os folictiogiam um diametro de 0,4 cm.
A menor fémea com foliculos vitelogénicos amarelpsesentou CT de 36,8 cm. O
didametro dos foliculos vitelogénicos para fémeasi@enente maturas variou entre 0,4
e 4 cm. Fémeas ovadas apresentaram foliculos aetld@entre 2,3 e 2,9 cm.

Individuos imaturos apresentaram largura do uténd) (entre 0,2-2,2 cm,
enquanto que em exemplares adolescentes foi obgelvade 0,4 a 2,4 e LU de 1,0 a
3,8 cm nos exemplares de fémeas maturas. FEémeadasoapresentaram LU entre 2,1 e

3,3cm.
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A AGO variou entre 0,4 e 1,9 cm nas fémeas imaterestre 0,4 e 1,9 cm nas
fémeas adolescentes. FEmeas maturas apresenta@vakiando entre 1,3 e 3,5 cm,
enquanto nas fémeas ovadas, a AGO variou entre 23 cm. A fecundidade ovariana
variou entre 9 e 74 foliculos. O numero de folisulatelogénicos amarelos <1 cm
ocorreu em exemplares adolescentes e maturosndarientre 4 e 54. Em fémeas
ovadas o numero de foliculos variou entre 21 eN&m houve diferenga significativa
entre o numero de foliculos vitelogénicels cm e o numero de foliculos para fémeas
(teste t para amostras independentes). g gAraS. bonapartii foi calculado em 59,9

cm (R=0.99; n= 125).

4.5 Desenvolvimento sexual de fémeds Sympterygia acuta

Fémeas d&. acuta que apresentaram peso do ovario entre 0,4 e 3gDagnf
consideradas imaturas. Fémeas adolescentes apraserfoliculos tanto brancos e
amarelos, com ovarios entre 3,8 e 8,5 g. Fémeawasst maturas, apresentando
foliculos amarelos e ovarios pesando entre 8,2,@ @5Fémeas ovadas apresentaram
CT entre 52 e 58 cm, correspondendo a pesos owararire 20,8 e 40 g.

A LU em fémeas imaturas variou de 0,1 a 0,6 cm. d&&madolescentes
apresentaram LU entre 0,6 e 2 cm e as fémeas rmatgsstraram LU entre 0,4 e 1,7
cm. Em fémeas ovadas esta variavel oscilou erire 3,6 cm.

Fémeas imaturas com CT de até 51,4 cm apresentiiéanetro de foliculos
brancos variando entre 0,1 e 0,5 cm. A vitelogéf@sevidenciada macroscopicamente
guando os foliculos apresentaram um diametro de@,6A menor fémea observada

com presenca de foliculos vitelogénicos amareladian&8,9 cm de CT. O diametro dos
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foliculos vitelogénicos para fémeas maturas vaentre 0,6 e 2,4 cm e nas fémeas
ovadas variou entre 1,5 e 2,5 cm.

A AGO variou entre 0,15 e 0,6 cm para fémeas imagtuentre 1,3 a 1,7 cm em
fémeas adolescentes e entre 2 a 3,1 cm nas fémahgamm Fémeas ovadas
apresentaram AGO entre 2,04 e 2,7 cm. Q@i calculado em 44,77 cm (R= 0,90; n=

28) para as fémeas Geacuta.

4.6 Anatomia e histologia da gonada masculina d& acuta e S. bonapartii

Os testiculos de ambas as espécies apresentaiactedaticas semelhantes em
sua estrutura anatdmica macroscépica. Ambos dsukst sdo simétricos e funcionais,
com forma lobulada, localizado dorsalmente na ealad peritoneal. As gonadas
masculinas sdo formadas pelo 6rgao epigonal (Otestéculo em associagdo intima,
com elevada vascularizacao do tecido (Artigo 2. Eip

As analises macroscépicas em individuos imaturastnam I6bulos testiculares
de pequeno tamanho e uma coloracdo palida. Dugissnespécimes ndo apresentam
nenhuma diferenciacdo. O OE é formado na maioreppdr células granulosas
(leucdcitos) e granuldcitos eosindéfilos. Na regi@edial do tecido gonadal foram
detectados dutos, com o epitélio cubico simplesne gresenca de atividade secretora,
gue corresponde ao duto eferente (DE). Foi revelaglsta mesma regido, um tecido
conjuntivo intratesticular que apresentou atividaskecretora, com presenca de
glicoproteinas positivas para a coloracao histo®§AS (Fig.2).

Observacges microscopicas indicam uma relacaaégteio testicular germinal,

diminuindo gradualmente o primeiro com o avan¢@rizesso de maturacdo (Fig. 2).
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4.7 Estagios da espermatogénese @racuta e S. bonapartii

4.7.1 Estagio | (El)

Esta fase inicial da espermatogénese € caractarizela presenca de células
germinativas dispersas, formando um tecido solem sa delimitagdo de uma
membrana. Estas células indicam o ponto de patiidaspermatogénese direcionada

diametricamente (Fig. 3a, b).

4.7.2 Estagio Il (Ell)

Este estagio é caracterizado pela presenca demegpgonias, resultado das
divisbes mitdticas consecutivas das células geimimesta fase, os espermatocistos
apresentam internamente uma camada de células rtldi ®8m espermatogbnias
migrando perifericamente, dispostos em torno doehlincentral, delimitado pela

membrana basal (Fig. 3c).

4.7.3 Estagio Il (EIll)

Depois de passar por divisdes mitéticas, as egpgegdnias se transformam em
espermatoécitos primarios. Isto inclui uma reduc&o ndaterial genético através da
primeira divisdo meidtica dando origem posteriortaem espermatdcitos secundarios.
Os espermatocistos deste estagio contém célulasicasf volumosas, com nucleos

grandes em relagdo aos estagios anteriores (Pig. 3d
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4.7.4 Estéagio IV (EIV)
Esta fase caracteriza-se pela presenca de espisndévido & segunda divisdo
meidtica sofrida pelos espermatdcitos secundaklasfologicamente, as espermatides

possuem um corpo celular pequeno, os nucleos ardados (Fig. 3e).

4.7.5 Estagio V (EV)

O aparecimento de espermatides na fase anteriacama inicio da
espermiogénese. Durante a maturacao das espersn&@sleélulas de Sertoli migram
para a regido periférica do espermatocisto. O espamaturo, que aparece neste

estagio é encontrado em forma desorganizada dém&spermatocisto (Fig. 3f).

4.7.6 Estagio VI (EVI)

Os espermatozéides maduros sdo organizados entepaarculando o0s
espermatocistos perifericamente ao lado das céldéasSertoli. As cabecas dos
espermatozoides maduros ou espermatozeugmata rapmesama forma de espiral
tipico, voltado para a periferia do espermatociéglm amplo lGmen comunica o0s
espermatozoides maduros para os dutos coletords, posteriormente se comunicam
com o DD. Particulas de secrecdo PAS positivasnatereza glicoproteica, sao

observadas neste estagio. Dutos proximos ao OEtnagim essas mesmas substancias

(Fig. 39).

4.7.7 Estagio VII (EVII)
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Os espermatocistos neste estagio sofrem deformagdotando formas
achatadas, com pouca ou nenhuma presenca de eseamlapso dos espermatocistos
causa um deslocamento de células de Sertoli, enacoltse dispersas e
particularmente visivel. Espermatocistos nesta $asedegradados, indicando com isso

o final da espermatogénese (Fig. 3h).

4.8 Histoldgia do duto reprodutor masculino deS. acuta e S. bonapartii
4.8.1 Epididimo

Anatomicamente, o epididimo é constituido por ubulo espiral comprimido,
gue mostra uma forma alongada, dorso-ventralmenttatado, fixado a parede dorsal
da cavidade abdominal. Os machosSdacuta e S. bonapartii foram histologicamente
semelhantes em relagdo a micro-anatomia do epididiEm secgdo transversal, o
epididimo é caracterizado por um epitélio colunamptes ciliado, com atividade
secretora do mesmo e caracterizado por uma membeaah fortemente positiva com
PAS, AB pH 1,0 e 2,5. Individuos maturos apresemtaum epididimo vascularizado
com guantidades abundantes de matriz seminal, c8nael espermatozoides compdem

a espermatozeugmata (Fig. 4a, b).

4.8.2 Glandula Leydig

Macroscopicamente e@ acuta e S bonapartii a glandula Leydig (GL) esta
localizada na regido posterior do epididimo emavigéntral. Do ponto de vista
histologico, em seccao transversal, observo-seogeeido da GL reveste a area dorsal

do epididimo. A GL é caracterizada por epitéliouoalr simples ciliado com células
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secretoras PAS positivas, formando massas de &ecdeptro do tabulo da glandula,

sendo achadas dentro da matriz seminal do epidigkigo4c, d).

4.8.3 Duto deferente

O duto deferente na porcdo anterior encontra-seaiodo uma estrutura em
espiral visivel a olho nu. Nos machos madurosSdacuta e S. bonapartii, o duto
deferente mostrou um epitélio colunar simples. Athsso, foi verificada a presenca de
uma matriz com espermatozeugmata PAS positivaritiaseas faces laterais do duto
deferente, no tecido conjuntivo circundante, forrsaglandulas tubulares simples que
produzem grandes quantidades de secrecdes quertsindnte positivas com PAS, AB

pH 1,0 e 2,5 (Fig. 4d, e).

4.8.4 Vesicula seminal
A vesicula seminal é formada por um epitélio catursimples ciliado,

caracterizado por apresentar quantidade elevadaatez seminal, preenchida com
conglomerados de espermatozeugmata, particulanoéitzs e secrecdes PAS +.
Lateralmente dispostos observa-se o tecido glandséamelhante ao observado nos
dutos deferentes, contendo no interior destes grmangdantidades de secrecdes, com
mucopolissacarideos acidos sulfatados e carbosilagiee apresentam reatividade
positiva a AB pH 1,0 e 2,5, respectivamente. Adialmente, foi verificada a secrecéo
de glicoproteinas e substancias neutras com PAS$ecido glandular adjacente a

vesicula seminal (Fig. 4g, h).
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4.9 Comparacao do tamanho de maturidade 50% (Gsb) morfologico e histolégico
de S. acuta e S. bonapartii

Valores de Ci, avaliados para os parametros morfométricas de asadeS.
acuta e S. bonapartii correspondem a 46,1 cm (R= 0,99, n=17) e 58,4R-m0,98, n=
92), respectivamente. No entanto, valores de,Glvaliados para o0s parametros
histolégicos que considera a proporcdo relativa efpermatocistos contendo
espermatozoides maduros, foi estimada em 44,7 &,9R, n= 16) e 54,68 cm (R=
0,98 n=79) par&. acuta e S. bonapartii, respectivamente (Fig. 5).

O célculo do Ciphistoldgico indicou um tamanho menor para a madgiédem

ambas as espécies analisadas, quando comparadnCdmmorfolégico (Fig. 5).

4.10 Indice gonadossomatico e relacées morfométricdos machos d&. acuta e S.
bonapartii

Para machos d& acuta com CT entre 29,5 e 47,0 cm, os valores para IGS
correspondem a 0,39 e 0,52. Valores de indice gmsadatico (IGS) entre 1,17 e 2,31
corespondem a exemplares adolescentes com CT4&@re 46,0 cm. Em exemplares
maturos com 47,0 até 56,0 cm, o IGS variou enf2 6,2,68 (Fig. 6a, c).

Para S. bonapartii, individuos imaturos com CT entre 47,2 e 63,5 cm
apresentaram IGS entre 0,18 e 1,81. Adolescentes €6 entre 55,0 e 71,6 cm
apresentaram IGS variando entre 0,74 e 2,60. Mactaaaros com CT entre 58,6 e
76,8 cm apresentaram IGS com valores entre 0,787 Os maiores valores de IGS

observados em machos Séionapartii corresponderam a individuos adolescentes.
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Foram observadas diferencas nos valores de compianto cldsper para cada

estagio de maturidade proposto nas duas espétiesmeéas (Fig. 6¢, d).

5. CONCLUSOES

As raiasSympterygia acuta e Sympterygia bonapartii da plataforma costeira do Sul
do Brasil apresentaram dimorfismo sexual, defiriaveés da relagdo dos parametros
morfométricos observados, como comprimento totirgura do disco; comprimento
total e peso total; e comprimento total e pesocevalo.

Fémeas e machos da espéBieacuta e fémeas da espéci® bonapartii,
apresentaram tamanho de primeira maturidade sexamor do que o registrado
anteriormente na regido sul do Brasil, a partiradélises de parametros reprodutivos
morfomeétricos.

A forte presséo que exercida pela atividade pestdai frota de arrasto de fundo
na regido sul do Brasil poderia estar relacionadamudancgas observadas nos parametros
reprodutivos de&s acuta e S bonapartii ao longo do tempo, assim como as mudancgas no
CTso.

As analises histolégicas do trato reprodutor masremsS. acuta e S. bonapartii
revelaram informagfes importantes a nivel celgarmitindo um maior entendimento
acerca da reproducdo destas espécies. Estas fmrpadem ser utilizadas em conjunto
com parametros morfométricos, como o tamanho dipetagrau de calcificacdo, entre
outros para validar processos reprodutivos estgdatiavés dos métodos mais tradicionais

(morfoldgicos).
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Aspectos micro-anatdmicos do tecido testicular #ato reprodutor masculino em

S acuta e S bonapartii sdo compartilhados por outras espécies de ragpideo
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7. ANEXOS

7.1. Artigo 1. Reproductive biology of the skat&gmpterygia acuta Garman, 1877 and
S bonapartii Muller & Henle, 1841 (Chondrichthyes: Rajoidei)South Brazil
Reproductive biology of the skate$Sympterygia acuta Garman, 1877 andS.

bonapartii Miller & Henle, 1841 (Chondrichthyes: Rajoidei) insouth Brazil

Alexander Basalfband Maria Cristina Oddofe
! Universidade Federal do Rio Grande, Instituto cen€ias Bioldgicas, Programa de
Pés-Graduagdo em Oceanografia Bioldgica, Av. [t&lm 8 s/n, Campus Carreiros,

96203-900 Rio Grande, RS, Braaikxbiology8@hotmail.com

2 Universidade Federal do Rio Grande, Instituto @#m@as Bioldgicas, Fisiologia
Animal Comparada, Av. Italia, Km 8 s/n, Campus €imos, 96203-900 Rio Grande,

RS, Brazil.

The present study analyzed sexual developmentiaesl @& 50% maturity and
morphometric relationships for both sexeSghpterygia acuta andS. bonapartii

endemic of south-western Atlantic Ocean. Specimeste obtained through research
cruises and commercial fishing trips during 201d 2812 along southern Brazilian
coast in latitudes ranging from 34°28'S to 31°2918, at depths between 15 and 142 m.
Significant differences with values<{@.001) in S. bonapartii and (p=0.015; 0.006 and
0.006) inSacuta between sexes for the relationships total length) ¢cdisc width (cm)
and total length - total/eviscerated weight (gpextively, demonstrated sexual

dimorphism during the development in both speciBse values estimated for maturity
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sizes were 46.1 and 44.7 cm ®imacuta and 58.4 and 59.9 cm f&r bonapartii (for
males and females respectively). The results fdureandividuals indicated temporal
changes in the composition of glvalues for the two species of geriympterygia. A
decrease in maturity sizes for both sexes was vbdenS. acuta and females of.
bonapartii of the southern coast of Brazil.

O presente estudo analisou os tamanhos de materedisggdacdo do comprimento total
com diferentes parametros reprodutivos, para ameexos das espécsnpterygia
acuta e S. bonapartii endémica do sudoeste do Oceano Atlant=individuos foram
coletados em cruzeiros de investigagao e viagepgst=n comercial durante 2011 e
2012 ao longo da costa do Sul do Brasil em latguglee variam de 34°28'S a 31° 29'S,
e em profundidades entre 15 e 142 m. Houve difaesignificativas em ambos os
sexos com valores (p <0,001) p&donapartii e (p =0,015, 0,006 e 0,006) &acuta
para as relagbes comprimento total (cm) - largordisico (cm) e comprimento - peso
total / eviscerado (g) respectivamente, mostraramoidismo sexual durante o
desenvolvimento.Os valores estimados para tamatehogturacao d& acuta foram
de 46.1cm para os machos e 44.7 cm para as féBibasapartii apresentou valores
de 58,4 e 59,9 (para machos e fémeas, respectit@mes resultados para individuos
maturos indicaram mudancas temporais nos valor&lggoara as duas espécies do
géneroSympterygia endémico do Oceano Atlantico Sul — Ocidental. iiduicdo nos
tamanhos de maturidade para ambos os sexos fovaldaeent acuta e fémeas d&.
bonapartii da costa Sul do Brasil.

Key words: Maturity, Reproduction, Oviparity, Endemic, Morpheinc.
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Introduction

The genusSympterygia Miller & Henle, 1837 (Chondrichthyes, Rajiformeshstitute

a taxonomical stable clade within the Suborder Rajand includes four neotropical
oviparous skate speci€S;lima (Poeppig, 1835)5 brevicaudata (Cope, 1877)S. acuta
(Garman, 1877) anfl bonapartii (Mlller & Henle, 1841) (McEachran, 1982; Ebert &
Compagno, 2007). The latter two are endemic tavibgtern South Atlantic Ocean
shelves (Figueiredo, 1977; McEachran & Aschlim@4) and represent an important
economic resource in their whole distribution gifdabraganiaet al., 2002; Menni &
Stehmann, 2000; Paesch & Domingo, 2003). In sontBeazil (South and Southeast),
S acuta andS. bonapartii complete their life cycle in the inner-shelf watée

Queiroz, 1986; Vooren, 1997; Vooreral., 2005).

Like other elasmobranchs, the rajoids presentivelgtiow annual fecundity, late
sexual maturity and high longevity. These charasties, together with fish exploration,
have lead to population decreases worldwide, evdnaenfirmed cases of local
extinction (Dulvyet al., 2000; Dulvy & Reynolds, 2002; Iglésias, 2009).eTBignose
Fanskates. acuta is (globally) considered by the IUCN Red List ofréatened species
as “Vulnerable”. On the other hand, the SmallncmeskateS. bonapartii is classified

as “Data Deficient” (Massa & Hozbor, 2004; Massaa@nilla, 2004). However, due to
the high fishing pressure to which both speciesabgected, the mentioned categories
may change regionally in a short-term period.

Studies on the reproductive ecology, size-at-migtand abundance & bonapartii

were carried out in the coasts of Argentina andguay over the last decade,
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demonstrating an increasing concern for the figlsegffects upon the populations as
well as the need for biological data (especiallyeproduction) in order to get the
stocks responsibly managed (Mabrage®., 2002; Oddone & Velasco, 2004).

De Queiroz (1986) analyzed the reproductive biolob@ympterygia spp. in the
southern Brazilian shelf. Apart from this data lggoart of an unpublished thesis, they
were collected in the period 1981-1984,, almost 30 years ago. Moreover, it is a well-
known fact that in the rajoids reproductive pararesuch as the size-at-maturity are
able to change when the species is subject tordsspre of excessive fishing (Walters
& Martell, 2004).

It is, therefore necessary, to provide an updatiedlyson the biology of the reproduction
and seasonality traits for genBgnpterygia in south Brazil, that may aid to
management decision takers and/or conservatiorceggein the establishment of
conservation; actions such as closed areas andhommilanding sizes. The aim of this
study was to provide updated information on theaepctive parameters &

bonapartii andS. acuta in the southernmost continental shelf of Brazilmesn

Conceicéo (31° 43'S) and Chui (33°45’S).

Material and Methods

Samples obBympterygia spp. were obtained through two sources: cruiseardithe
research vessel “Larus” (Instituto de Oceanogréafrayersidade Federal de Rio
Grande) during one-day-long research cruises, g, Miane, July and August of 2011

and two commercial fishing trips carried out aldhg coast of Rio Grande do Sul State
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(South Brazil) from September ¥20 30" 2011 and from January 8@ February 19
2012. The studied area was located between thiedas of 34°28'Sand 31°29'S at
depths between 15 and 142 m (Fig. 1).

Of each specimen, the following data were registetiegal length (TL) from the snout
to the extremity of the tail, the width of the d{§&W) measured as the length between
opposite pectoral fin tips, total weight (TW), esgsated weight (EW), liver weight
(LW) and gonad weight (GW) (measured values in ath@ respectively)sénsu
Oddoneet al. 2007a).

For the males, the clasper and clasper gland lettggtumber of alar thorns and rows
of alar thorns were recorded. Alar thorns consid@®“developing” were registered
as a circular light mark on a darker epidermishbeavident laterally on the dorsal
region of both pectoral finsénsu Oddone & Vooren, 2005) The calcification of the
clasper was manually assessed and classifiedeaslf#" or "rigid”. In females, the
height of the oviducal glands according to SerneiPeet al. (2011), number of
vitellogenic follicles larger than 1 cm (Mabragadial., 2002) and smaller than 1 cm
(Diaz Andradeet al., 2011), uteri width, diameter and colour of taegkest ovarian
follicle, and presence or absence of egg capsul#siuterus and in the cloacal were
registered (Oddone & Vooren, 2005). According t® dievelopment of the above-
mentioned reproductive structures in relation tq fhe individuals were classified in
the three maturity categories: immature, adolesaedtmature (Oddoret al., 2007a).
Morphometric measurements of both species and sex@scompared. Total length-

width disc, total length-total weight and total d¢im-eviscerated weight were log-
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transformed to become linear and the F-test was tasestablish comparisons (Souza,
1998). The logistic equation was used to estinteesize of sexual maturity, as

PTL=1/ (1-e(a+bTL))
where, PTL is the fraction of mature individuals éach class of TL, a and b are
parameters. The E}, or the size at which 50% of the population isumatis given by
the ratio a/b (Restrepo & Watson, 1991). The Sttigetest was applied to compare
the mean number of alar thorns and mean numbemwaf of alar thorns and
establishing differences between the number ofiandollicles in mature females and
egg-bearing females (Sokal & Rohlf, 2012). Reprdiglegparameters were expressed in
terms of mean and standard deviation as m&b. In all cases “n” is the size of the

sample. A level of significance of 0.05 was consedefor all the applied tests.

Results

Morphometric relationships in S. bonapartii and S. acuta

A total of 92 males o8 bonapartii were obtained and analyzed. Total length ranged
between 47.2 cm and 76.8 cm. Immature males hadil48.2-62.5 cm (mean=56.12;
SD=4.41; n=14); adolescents of 55.0-71.6 cm (me&r3& SD=4.78; n=19) and in
mature specimens TL varied from 58.6 to 76.8 cmafmé5.46; SD=4.39; n=59). The
relationship between DW and TL in males was lin€&y. 2a) (Table 1).

A total of 125 females db. bonapartii were analyzed. Total length varied between 30.8
and 79.1 cm. Values in immature females varied f8@8 to 67.5 cm (mean=56.2;

SD=12.55; n=17). Adolescents had total length magdiom 36.8 to 73.3 cm

40



(mean=65.1; SD=9.99; n=12). In matures femalesydried from 58.0 to 79.1 cm
(mean=68.8; SD=4.20; n=96) and egg-bearing femidlesorresponded from 68.0 to
71.2 cm (mean=69.3; SD=1.35; n=4). The relationghgsented between DW and TL
in females was linear (Fig. 2a) (Table 1).

According to F-test results significant differeneesre detected between sexes for to
the relationship TL-DW, TL-TW and TL-EW fd. bonapartii (Table 1, Fig. 2a-c).

A number of 17 mal&. acuta were recorded. Total length varied from 29.5 t56n.
The values of TL for immature individuals rangedwsen 29.5 and 47.0 cm
(mean=41.5; SD=8.19; n=4). Adolescents ranged #818 to 46.5 cm long
(mean=45.15; SD=1.90; n=2). Mature specimens hadvakying between 47.0 and
56.5 cm (mean=50.25; SD=2.70; n=11). The relatignsatween DW and TL in males
was linear (Fig. 2d) (Table 1).

A total of 28 females 0% acuta were analyzed, distributed in TLs between 21.0 and
60.0 cm. Immature females had TLs of 21.0-51.4 m@an=33.07; SD=11.08; n=7);
adolescents of 48.9-52.7 cm (mean=50.76; SD=14%); i mature specimens TL
varied from 49.6 to 60.0 cm (mean=53.65; SD=3.68;1). Egg-bearing females had
values between 47.7 and 58.0 cm TL (mean=53.1433235n=5). The relationship
between DW and TL in females was linear (Fig. 2Zdle 1).

In S acuta the relationships between TL-DW, TL-TW and TL-EWresexually

dimorphic (Table 1, Fig. 2 d-f).

Sexual development of the mal8ympterygia bonapartii
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The clasper length in immature individuals variezhf 3.8 to 11.3 cm (mean=8.73;
SD=2.16; n=14). Adolescents had clasper lengthingrfgom 9.5 to 15.4 cm
(mean=12.26; SD=1.73; n=19) and in mature malesethialues varied between 13.5
and 18.1 cm (mean=15.53; SD=1.05; n=59). The afsdasper calcification was
observed at TL=55.2 cm. The inflexion point of thesper length-TL relation was
estimated to be at 53.2 cm (R=0.81; n=92) (Fig. 3a)

The clasper gland length in immature individualsged between 1.8 and 3.6 cm
(mean=2.94; SD=0.59; n=14). In adolescents thigtteranged from 3.1 to 6.7 cm
(mean=4.63; SD=0.94; n=19) and in mature individdiadm 5.5 to 9.0 cm (mean=6.99;
SD=0.77; n=59) (Fig. 3b). The inflexion point oktblasper gland-TL relationship was
estimated at 57.3 cm (R=0.60; n=92).

Testicular lobules become macroscopically visitbl€lss of 47.2 cm onward. Immature
individuals had testicular lobules with diameteasying between 0.1 and 0.5 cm
(mean=0.3; SD=0.14; n=14).The adolescent lobulmeiar ranged between 0.3 and 0.7
cm (mean=0.47; SD=0.12; n=19). Mature males hstictdar lobules with diameters
between 0.3 and 0.8 cm (mean=0.52; SD=0.12; n+5§) 8c).

Testicles weight varied from 1.5 to 21.1 g (mean341SD=6.91; n=14) in immature,
from 8.4 to 32.1 g (mean=22.14; SD=7.19; n=19)dalescents and from 10.2 to 34.7 g
(mean=20.45; SD=4.96; n=59) in mature males (Fd{. 3

The number of alar thorns rows varied from 1 ton@ach pectoral fin. No significant
difference was detected between left and rightgratfins regarding the mean alar
thorn rows number (mean=2.49, SD=1.38, n=77; med®:5D=1.47, n=77,

respectively) (t=0.11; d.f.=76; p=0.91). The numbiealar thorns ranged between 6 to
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88 on the right fin and the 6 to 94 on the left gmean=30.64, SD=19.84, n=77;
mean=30.57, SD=20.60, n=77, respectively) withigoicant differences between
both fins (t=0.019; d.f.=76; p=0.98). The numbede¥eloping thorns varied from 6 to
24 and from 6 to 20 for right and left pectorakfiespectively (mean=11.05, SD=4.22,
n=20; mean=10.75, SD=4.12, n=20, respectively).(B&). Differences between fins
were not significant (t=0.22; d.f.=38; p=0.82).

Immature individuals with developing thorns had Binsaller than 62.5 cm. An
adolescent individual with TL between 50.0 and &hrbshowed developing thorns,
that were also recorded in two mature specimens Tis of 59.6 and 61.3 cm
respectively (Fig. 3e).

According to the logistic curve fitted to the propon of mature males in relation to TL

classes, Tk was estimated at 58.4 cm (R=0.98; n=92) for nsal®napartii (Fig. 4).

Sexual development of the mal8&ympterygia acuta

The measures of clasper length in immature indadglofS. acuta varied 0.9 to 3.7 cm
(mean=2.8; SD=1.29; n=4). In adolescents from @ $.4 cm (mean=8.5; SD=1.27;
n=2), and in mature individuals from 7.3 to 13.0 @nean=9.5; SD=1.92; n=11). The
onset of calcification occurred when males atta@dd. of 43.8 cm. The inflection

point of the curve clasper length vs. Total lengts 43.9 cm (R=0.69; n=17) (Fig. 5a).
Individuals with TL between 43.8 and 52.5 cm, hatlies of clasper gland length
between 2.3 and 5.2 cm. (Fig. 5b).

The testicular weight of immature individuals varieetween 0.5 and 2.0 g (mean=1.39;

SD=0.61; n=4). The testicles weight in adolesceatged between 5.0 and 10.0 g
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(mean=7.5; SD=3.53; n=2). Mature males had testioukights between 6.0 and 13.9 g
(mean=10.79; SD=2.24; n=11) (Fig. 5c).

The number of alar thorns rows varied betweendd@ron both right and left pectoral
fins (mean=5, SD=0.63, n=11; mean=4.9, SD=0.701nsdspectively) with no
significant differences between both fins (t=0.81;=10; p=0.75). The number of alar
thorns varied from the 16 to 75 on the right amhfrl4 to 68 left pectoral fin
(mean=29.36, SD=21.03, n=11; mean=27.91, SD=188] /respectively) (Fig. 5d)
with no differences between them (t=0.17; d.f.5390.86) (Fig. 5d). The size at 50%

maturity forS acuta males (Tlsg), was 46.1 cm (R=0.99; n=17) (Fig. 4).

Sexual development of the femal8ympterygia bonapartii

Females with ovary weights between 1.2 and 104d2igg immature with no
vitellogenic activity (mean=6.8; SD=2.81; n=13).dMescent females had ovarian
follicles corresponding to two types, whites antoye, with gonad weight ranging
from 0.5 to 16.2 g (mean=8.7; SD=3.87; n=12). Fesalere mature and had ovaries
weighing between 4.8 and 108.5 g, bearing yellaeliaigenic follicles (mean=29.2;
SD=18.69; n=92). Vitellogenic follicles in egg-beay females occurred with
corresponding ovarian weights between 28.1 and §22ean=46.9; SD=18.61; n=4)
(Fig. 6a).

White follicles diameter ranged between 0.1- 1.0(srean=0.4; SD=0.27; n=17) and
were recorded in immature individuals and adoletscehup to TL= 72.5 cm. The onset
of vitellogenesis occurred when follicles attairrediameter of 0.4 cm. The smallest

female with vitellogenic yellow follicles was 36¢8n TL. The diameter of vitellogenic
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follicles in mature females varied between 0.4-ehfO(mean=2.0; SD=0.83; n=97).
Egg-bearing females had follicles diameter betw2z8rand 2.9 cm (mean=2.6;
SD=0.25; n=4) (Fig. 6b).

Mean values for uterus width in females varied agnalhthe maturity stages analyzed.
Immature individuals had uteri ranging from 0.2t@ cm wide (mean=1.0; SD=0.62;
n=17). Meanwhile, adolescent females presentedwittr widths of 0.4 to 2.4 cm
(mean=1.5; SD=0.55; n=12). In mature individuagrutvidth varied from 1.0 to 3.8 cm
(mean=2.5; SD=0.48; n=92). Within this group, eg@guling females had uteri ranging
between 2.1 and 3.3 cm wide (mean=3.8; SD=0.43) (=4. 6¢).

The Oviducal gland height (OGH) varied from 0.4Lt6 cm (mean=1.1; SD=0.47;
n=13) in immature females and from 0.4 to 1.9 cregn¥1.2; SD=0.51; n=10) in
adolescents. Mature females had OGHs varying fr@adl3.5 cm (mean=2.1;
SD=0.42; n=91), while egg-bearing females had O@irging from 2.1 to 3.3 cm
(mean=2.6; SD=0.52; n=4) (Fig. 6d). Ovarian fectyndaried from 9 to 74
(mean=29.81; SD=10.85; n=82). The number of vitgluc yellow follicles< 1 cm,
occurred in individuals classified as adolesceqit mature, varying from 4 to 54
follicles (mean=23.16; SD=15.46; n=13). In egg-beafemales, the number of
follicles varied from 21 to 35 (mean=29.3; SD=6.024). No difference was observed,
between the number of vitellogenic follicles lar¢j@an 1 cm and the number of follicles
in egg-bearing females (t-test for independent sesnp=0.10; d.f.=84; p=0.91) (Fig.

6e). The Tl estimate folS bonapartii was 59.9 cm (R=0.99; n=125) (Fig. 4).

Sexual development of the femal8ympterygia acuta
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Ovaries of immature females weighted between 0d43ab g (mean=1.46; SD= 1.10;
n=5). Adolescents had both white and yellow fédis; with ovaries weights between
3.8 and 8.5 g (mean=6.04; SD=2.18. n=5). Matureafembore yellow follicles and had
ovaries weighting between 8.2 and 35.0 g (mean4280=8.96; n=7). Ovaries of
egg-bearing females weighted between 20.8 andgi(v®an=33.95; SD=9.07; n=4)
(Fig. 7a).Uteri width in immature females variedrfr 0.1 to 0.6 cm (mean=0.31,
SD=0.19; n=7). Adolescent females had uteri rangioign 0.6 to 2.0 cm wide
(mean=1.38; SD=0.50; n=5). In matures femalesj wielth varied from 0.4 to 1.7 cm
(mean=0.81; SD=0.55; n=11) and egg-bearing fematsfrom 2.6 to 3.6 cm
(mean=3.08; SD=0.37; n=5) (Fig. 7b).

Immature females with TL up to 51.4 cm had whitéidies diameter varying from 0.1
to 0.5 cm (mean=0.20; SD=0.2; n=5). Vitellogeneg&s macroscopically evident when
follicles attained a diameter of 0.6 cm. The snsalfemale with vitellogenic yellow
follicles was 48.9 cm long. The diameter of vitgkmic follicles in mature females
varied between 0.6 and 2.4 cm (mean=1.6; SD=0514)nand in the egg-bearing
females from 1.5 and 2.5 cm (mean=2.04; SD=0.43) (Eig. 7c).

OGH varied from 0.1 to 0.6 cm (mean=0.41; SD=0r8}) in immature females; from
1.3t0 1.7 cm (mean=1.52; SD=0.17; n=4) in adoletscand from 2.0 to 3.1 cm
(mean=2.48; SD=0.27; n=11) in mature females. Eggyibg females had OGHs
varying from 2.0 to 2.7 cm (mean=2.36; SD=0.28;)n#%g. 7d). The Tkowas

estimated at 44.7 cm (R=0.90; n=28) for fentalacuta (Fig. 4).

Discussion
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The results on morphometrics obtainedibonapartii andS. acuta for the relations
TL-DW, TL-TW and TL-EW indicated differences betwesmales and females in both
analyzed species. Sexual dimorphism in these oelstips has been described $or
bonapartii (Mabragariat al., 2002) and for other SW Atlantic rajoids (Mabragd&ha
Cousseau, 2004; Oddone & Vooren, 2004; Oddone &#mdA&007; Orlandet al.,

2011).

The relationship TL-DW was sexually dimorphicSnbonapartii, what had been
recorded for a congeneric speci@djma, endemic of the coast Chile, Southeast Pacific
Ocean by Lamillat al. (1984).

The TL-DW relationship ir&. acuta indicated that immature males presented higher
size when compared with females in this first staiggevelopment. However, in
adolescents and mature individuals just the oppegis observed. Such morphometrics
differences throughout the ontogeny were also dembmAtlantoraja cyclophora

(Regan, 1903) andioraja agassizii (Muller & Henle, 1841) in southern Brazil

(Oddone & Vooren, 2004; Oddoeeal., 2007a). On the other hand, the growth pattern
in S bonapartii demonstrated that, in this species, females hged®W than males

for any TL considered. Maybe these dimorphic tragssibly occur like a reproductive
strategy of the species.

Minimum TL at first maturity was found to be similgor close) in both sexes f&r
bonapartii. Mabraganat al. (2002) observed similar situation in the sameigpef the
coast off Argentina. Possibility there would nceirsexual differences in the size of first
maturity. However, according to Mabragadial. (2002) differences at the

interpopulational level could exist, due to diffieces in the minimum size at maturity
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for the individuals captured off Argentina compargth measurements obtained in this
present study for these species that occur ofhsontBrazil.

The length of clasper in relation to the TL in nsaté S bonapartii described a sigmoid
curve, typically observed for the sexual developnoémajoids and most
elasmobranchs. Studies in other species of thdyakrinynchobatidae (Fowler, 1934)
demonstrated that the morphometric values for t&per length and clasper gland,
fitted themselves in the sigmoid growth curve eaist in the genustlantoraja and
Rioraja agassizii (Oddone & Vooren 2005; Oddoeeal., 2007a; Oddone & Amorim
2008; Oddonet al., 2008).This type of logistic growth curves also waserved in

four species of the family Rajidae (Blainville, B} 1namely, Leucoraja ocellata

(Mitchill, 1815), Leucoraja erinacea (Mitchill, 1825),Amblyraja radiata (Donovan,
1808) andVialacoraja senta (Garman, 1885), distributed off the east coastaidtla
(McPhie & Campana, 2009).

The number of rows of alar thorns in malessdbonapartii varied between 1 and 6, in
agreement with data reported by Mabragetia. (2002), and also similar to the pattern
observed inA. cyclophora (Oddone & Vooren, 2005) ariRhthyraja albomaculata
(Ruoccoet al., 2006). This sexual character present in malesvyaagnamong species,
being an important parameter used for maturityistag

S bonapartii showed a high level of overlap among values addlgtages of sexual
development, being detected regarding the followmgables: testicle weight, diameter
of lobule, clasper gland length, number of rowshoirns and alar thorns. However,
mean values of these variables indicate differebetéseen each stages of sexual

development.
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MalesS. bonapartii were found to mature with TL of 58.4 cm. On thieesthand, De
Queiroz (1986) recorded a value of 52 cm for tlisameter, indicating that Fémay
have increased in 3.3 % (6.4 cm) over a ~30 yeanisgh However, methodological
differences may also be the result of differenocethe maturity estimates (Oddone &
Velasco, 2004). De Queiroz (1986) clasper recordiethodology (based on Hubbs &
Ishiyama, 1968) differed from the one used in tresent paper, though he based in
virtually the same reproductive variables for msd&ual maturity staging. For mete
bonapartii, TLso also is different from those calculated from otbeuth-western
Atlantic areas, such as Argentina 65 cm and Uru@aym (Mabraganie al., 2002;
Oddone & Velasco 2004), though values reported tigdde & Velasco (2004) were
very close to those obtained in the present stlidig similarity can be a consequence
of the proximity of the area of the sampled specisn@n the extreme south of Brazil),
with the border area between the coasts of Brazilldruguay.

In malesS. acuta the inflection point of the curve fitted for thelationship between
clasper length and TL coincided with the value aiimum TL for the clasper
calcification.Therefore the estimation of maturity solely throdlyé TL-clasper length
relationship would subestimated. Similarities amtrgse measures were also observed
in S bonapartii, demonstrating the importance in the manual recbtdeoclasper
calcification degree used for determination theungtin males of chondrichthyes.
Adult males ofS. acuta bore a maximum of 6 rows of alar thorns, just likat
observed foS. bonapartii. Other studies have also demonstrated a similarittyis
number maximum of rows of alar thorn, for otherses of the same family

(Mabraganat al., 2002; Oddone & Vooren, 2005; Ruoctal., 2006).
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Conversely, for males @& acuta a decreased in Fbwas observed, comparing with the
value obtained by De Queiroz (1986) for the samgere corresponding to 3.0 % (5.9
cm).

In females analyzed by De Queiroz (1984) ovary teig matureS. bonapartii varied
from 25 to 170 g. Fo® acuta the same author recorded ovaries weight of 1@tg.3n
this study ovary weight for mature females shoveelave decreased when compared
with that of De Queiroz (1984). These kind of chesan the reproductive variables
over time may directly affect the reproductive maegers. Likely, females of both
species may develop at least some degree of refireelplasticity, reflected in this
case in a decrease of gonadal size of mature thdils, which could be a result of over
fishing in the region during the last decades.

Ovarian follicles larger than 1.0 cm were considarigellogenic by Mabragar al.
(2002) forS. bonapartii. However, De Queiroz (1984) observed that thdogenesis
starting to 1.0 and 1.5 cm $ bonapartii andS. acuta, respectively. Moreover, Diaz
Andradeet al. (2011) examined ovarian follicles smaller thab dm in mature females
of S bonapartii through the histological analysis of the ovarye¥leconcluded that the
traditional macroscopic assessment of the follicuigellogenesis can turn into a
subjective parameter of analysis, hindering clasgibn of the development stage.
The analysis performed by Diaz Andraaal. (2009) in females d&. acuta, revealed
that at an histological level, vitellogenesis wostdrt at 0.55 cm. This value is similar
to that obtained in the present study, where wigglhesis was macroscopically detected
from follicles with diameters of 0.6 cm onward. Aore recent study by Diaz Andrade

et al. (2011) demonstrated that vitellogenic folliclesiwdiameter larger than 0.3 cm
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are characteristic of mature femalesSobonapartii. In the present study the diameter
of vitellogenic follicles found was starting fron40cm in this same species.

Serra Pereirat al. (2011) analyzed the relationship of various messof oviducal
gland, including height, width and thicknessRaja clavata (Linnaeus, 1758) in
relation to maturity stages (i.e., “in developitigfcapable spawning”; “actively
spawning”), finding differences among stages. @#hces in the OGH were also
detected ir bonapartii andS. acuta, which increased during sexual development.
The size of maturity obtained for fematesonapartii andS. acuta, when compared
with those values reported by De Queiroz (198&outhern Brazil, indicated a
considerable decrease in the size of maturity thestast 30 years. Such decline
represented 7 and 4.4 % or (10 and 8.3 cm) for lie&donapartii andS. acuta,
respectively, anthay be caused by overfishing which focuses heavitiie southern
region of Brazil (Walters & Martell, 2004; PaeschC&ldone, 2008). The Eb
estimates obtained for both sexesdfonapartii demonstrated differences to the
regional level. The restricted distribution of #yeecies could indicate the possibility of
the existence of two different populationsSbonapartii, the first occupying the
higher latitudes of the south-western Atlantic Gcemathe coast off Argentina and a
second population composed by individuals thatsitdretween the coastal zone of
Uruguay and southern Brazil. This could be attebluo the transport of water masses
from the Brazil Current and the Malvinas Curretentuated mainly during the period
of summer and winter respectively (Miloslavigtal., 2011). Differences in size of

maturity were discussed f& bonapartii by Mabragafa&t al. (2002) and assigned to
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the presence of populations that attain sexual mngtat different size and populations
with sexes having the same size at maturity.

The genusSympterygia from the south-western Atlantic may have suffexetecline as
a consequence of strong fishing pressure uponpbemulations over the decades.
Characteristics related to reproduction such asneirity size may change in
oviparous skates that are affected by fishing (Ediea., 2008; Paesch & Oddone,
2008; Orlandeet al., 2011). As it is the case &mpterygia spp., it is fundamental to
count with relative current data on reproductiomtkermore, future research should
also be focused on the reproductive cycle both teally and spatially. Significant
decrease in the size at maturity as a result binftgspressure was documented for
Zearaja chilensis (Paesch & Oddone, 2008) in the south-western Atl&cean.

Data on the reproductive biology of the geusipterygia endemic to the south-
western Atlantic Ocean presented in this study, prayide tools for the evaluation of
the stocks, in order to properly conserve and matiag populations dympterygia
spp. that are used for human consumption and egdlanrestrictedly as fishery

resources.
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Table (s)

Table 1.Relationships analyzed f& bonapartii andS acuta. TL= total length (cm),
DW= disc width (cm), TW= total weight (g), EW = egerated weight (g) for males
(M) and females (F) with the respective potentgression equation; correlation

coefficient (R) and sample number (n).

Curve Sex Equation R n Comparison

S. bonapartii

TL-DW M  DW=2.213+0.6252*TL 0.911 92  F=3.106;d.f.5223);p<0.001
F DW=1.921+0.6488*TL 0.890 125

TL-TW M TW=0.019968TI>"*** 0.852 87  F=3.314:d.f.=(2,203);p<0.001
F TW=0.043169TE*# 0.745 120

TL-EW M  EW=0.022659TF% 0.879 87  F=3.174:d.f.=(2,203);p<0.001
F EW=1.30685T&%%" 0.743 120

S acuta

TL-DW M  DW=2.275+0,5069 *TL  0.956 17  F=4.449;d.f289);p=0.015
F DW=1.295+0.5181*TL 0.970 26

TL-TW M TW=0.901592T2*9% 0.922 17 F=3.438:d.f.= (2,41);p=0.006
F TW=0.041639T#*" 0.754 28

TL-EW M  EW=0.002462TE* 0.883 17  F=3.461:d.f.= (2,41);p=0.006
F EW=0.048513TF%%" 0.761 28
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Figure(s) legend(s)
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Fig. 1. Map of the study area. Left map represents Soutkria. The square iscetalil

of the study area. The right map represents sotitBrazil indicating the trawling

stations where the specimens $ympterygia were captured; research cruises of the

research vessel “Larus” (triangles) and commetm#tiom trawl fishing trips (circles).
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7.2 Artigo 2. Histology of the testicles and male reproductivactrof the skates
Sympterygia acuta Garman, 1877 andS. bonapartii Muller & Henle, 1841
(Chondrichthyes: Rajoidei) in the western southaAtic Ocean
HISTOLOGY OF THE TESTICLES AND MALE REPRODUCTIVE TR ACT OF
THE SKATES SYMPTERYGIA ACUTA GARMAN, 1877 AND S. BONAPARTI I
MULLER & HENLE, 1841 (CHONDRICHTHYES: RAJOIDEI) IN THE

WESTERN SOUTH ATLANTIC OCEAN

Alexander Basally Antonio Sergio Jr. VarefandMaria Cristina Oddorte
! Universidade Federal do Rio Grande, Instituto cen€ias Bioldgicas, Programa de
Pés-Graduagdo em Oceanografia Bioldgica, Av. [t&lm 8 s/n, Campus Carreiros,

96203-900 Rio Grande, RS, Braalexbiology8@hotmail.com

23 Universidade Federal do Rio Grande, Instituto #€las Biol4gicas, Laboratério
de Histologia. Av. Italia, Km 8 s/n, Campus Camweir96203-900 Rio Grande, RS,
Brazil.

ABSTRACT
The male reproductive tract in chondrichthyan isiposed of testicles, including
epigonal organ, and reproductive ducts. The latdude efferent ducts, epididymis,
Leydig gland, deferent duct and seminal vesicleesghstructures perform different
functions related to male reproduction. The sk8tesuta andS. bonapartii are
endemic to the south-western Atlantic Ocean. Spexsnvere obtained from research
cruises and fishing trips carried out throughout2@nd 2012. The fishing trawls

occurred in the area between 34° 28'S and 31° 88(8hern Brazil, at depths between
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15 and 142 m. The reproductive tracts were fixetO#o formalin and preserved in
70% alcohol. Histological techniques were appledptical microscopy, using staining
with HE, PAS and AB pH 1.0 and 2.5, with tissueti®ers of 6um. Histological stages
of spermatogenesis were described in both spewm@giding macro and micro-
anatomical descriptions of the different reproduestructures. In addition, the
morphological Tl (total length at 50% maturity) was compared wiié histological
TLso, demonstrating that the latter corresponded t@iol values. This fact is
probably related to a delay in the spermatogerigigcduring sexual development in
the malesS. acuta andS. bonapartii in relation to the establishment of macroscopical
reproductive structures that reveal sexual maturity

RESUMO
O aparelho reprodutor masculino em condrictes éosto por os testiculos, incluindo
orgao epigonal e dutos reprodutivos. Estes ultimcdsem dutos eferentes, epididimo,
glandula de Leydig, duto deferente e vesicula salimiistas estruturas desempenham
diferentes funcdes relacionadas a reprodugcdo nosanaAs raia$ acutae S
bonapartii sdo endémicas do Oceano Atlantico Sul - ocideAtahmostras foram
obtidas a partir de cruzeiros de pesquisa e viagemesca realizadas ao longo de 2011
e 2012. A pesca com redes de arrasto ocorreu agane 34° 28'S e 31° 29'S, sul do
Brasil, em profundidades entre 15 e 142 m. Osgnagprodutivos foram fixados em
formol a 10% e conservados em alcool 70%. Foraimads técnicas histoldgicas para
microscopia optica, utilizando coloracdo com HESRAAB pH 1,0 e 2,5, com cortes
de tecidos de 6 um. Foram descritos os estagittddugos da espermatogénese em

ambas as espécies estudadas, proporcionando desam@cro e micro-anatémicas das
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diferentes estruturas reprodutivas. Além dissoT g @orfoldgico (comprimento total
50% de maturidade) foi comparado com ggiistolégico, demonstrando que este
ualtimo correspondeu valores menores de CT. Estepfatvavelmente esta relacionado a
um atraso na atividade espermatogénica duranteemdelvimento sexual nos machos
de S acuta e S bonapartii em relacdo ao estabelecimento das estruturagdrgwas
macroscopicas que revelam a maturidade sexual.
Descriptors: Reproduction, Spermatogenesis, HigiolMicroanatomy, Sexual
development.
Descritores: Reproducao, Espermatogénese, Histolbticro-anatomia,
Desenvolvimento sexual.
INTRODUCTION

The chondrichthyan fishes include sharks, raygdeskand chimaeras. These
cartilaginous fishes first appeared almost 400iomlli/ears ago and are characterized by
being rather diverse, especially in their reprotgcinodes (WALKER, 2005). The
skatesSympterygia acuta (GARMAN, 1877) andSympterygia bonapartii (MULLER;
HENLE, 1841) are endemic the western-south Atla@tiean, being found in coastal
waters from Brazil to Argentina (McEACHRAN; ASCHLIMN, 2004). In South and
Southeast Brazils acuta andS. bonapartii complete their life cycles in inner-shelf
waters (VOOREN, 1997; VOOREN et al., 2005).

The testicular structure in Chondrichthyes is cosgaloby testis and epigonal
gland. In male Chondrichthyes, some of the prindyactions this organ is
spermatogenesis and steroidogenesis (WALKER, 200 basic testicular unit in

Chondrichthyan are structures called spermato¢yt8ILETT, 1999). The union of
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several spermatocysts constitutes a larger physicaiture, known as testicular lobule.
Three types of histological testicular organizatiegre described in cartilaginous fishes;
diameter, radial and compound, the latter beingmomin batoids, e.g. rays and skates
(PRATT, 1988). Compound testes are characterizealdgrminal zone (GZ) situated

on the ventral testicular surface, from where lotbe@gelop radially and migrate
diametrically (HAMLETT, 1999). This type of arrangent can be observed across the
width of the testis towards the efferent ductsalffisbestination of mature spermatozoa
(PRATT, 1988; JAMIESON, 2005).

During the sexual development of the male gonadsira spermatozoa
produced within the testis are transported thrahghgenital ducts, i.e., efferent ducts,
epididymis, deferent duct and seminal vesicle (C@NR, 2005; WALKER, 2005).

The sperm travels within a rich matrix secretioradpiced at these sites and in glands
annexed, e.g. in Leydig and alkaline gland (WALKER05; JONES; HAMLETT,
2006). The analysis of the testicle to the micrpsctevel, clearly allows determining
the stage of maturity to the individual level, lggpossible to associate this with the
total length of the individual or any other reprotive parameter (MARUSKA et al.,
1996).

Histological studies on reproductive organs may lmeVealing aspects of the
physiology and the mechanisms that regulate regtamuin Chondrichthyes. Also, the
application of histological techniques performedaproduction studies allows
understanding the different aspects of the lifédnysof these fishes. The analysis of the
micro-anatomy of the reproductive tract revealsi@hle insights concerning the sexual

development of this animal group. NOLAN et al. (2P0or instance, calculated the
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histological Tlsoin malesRaja montagui (FOWLER, 1910), based on the gonadal
histologic analysis for staging an individual imnes of maturity (apart from the

traditional morphological Tig).

Studies of the gonads and reproductive tract inddbbthyans in general under
a histological perspective, for the west South #titaOcean are scarce, especially for
rajoids. The information presented in this papey c@ntribute to better understand
aspects of reproduction in skates. The preseny stuas analyze and characterize the
microanatomy of the gonads and male reproductact tf the oviparous skat&s
acuta andS. bonapartii.

MATERIAL AND METHODS

Specimens o8 acuta andS. bonapartii were collected during one-day long
research cruises carried out on May, June, JuhAargdist 2011 and from two
commercial fishing trips that occurred from Septemlth‘d to 30" 2011 and from
January 30 to February 19 2012. The study area was situated between lasitude
34°28'S and 31°29'S, at depths between 15 and 148 southern Brazil. The
individuals collected had their total length (Tich{) from the snout to the extremity of
the tail, the clasper length (CL) and testes wef@l¥) (g) recorded. Maturity stages
considered (immature, adolescent and mature)sierd®d details on maturity staging
followed by ODDONE et al. (2007) and size-at-50%umigy estimates for males &
acuta andS. bonapartii are in agreement with BASALLO (unpublished data).
Gonadosomatic index (GSI) was calculated accortdir{)NG (1995), but considering

eviscerated weight instead of total weigtehéu PERES; VOOREN, 1991), as GSI =
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(Wg / We) * 100, where Wg = gonadal weight (g) &kd = eviscerated fish weight (g).
Values corresponding to GSI were expressed in tefmeean and standard deviation
for each maturity stage in both species.

In order to perform the histological analysis, timenplete reproductive tract of
S acuta andS. bonapartii maleswas removed; fixed in 10% formalin for 24 hours and
then preserved in ethanol 70%. The testicle watsos®a in the second quarter of the
previous half gonad (ICES, 2010). Pieces of tisgeee removed from the upper region
of the epididymis (JONES; HAMLETT, 2006). Deferehicts and seminal vesicle cuts
were oriented in coronal section. The nomenclabfitbe reproductive tract is in
agreement with HAMLETT (1999).

Samples of gonads (including the epigonal orgad)raproductive tract were
processed for histology using a tissue processieal&SP-200. Subsequently, the
tissue was embedded in Paraplast Xtra (Sigma Pa8@B3ectioned to a thickness of 6
um using an automated Rotary Microtome (Leica RM22%5e histological sections
were stained with Hematoxylin and Eosin (HE), tbaation Periodic Acid Schiff
(PAS), Alcian Blue (AB) pH 1.0 and 2.5 (CARSON; HDAK, 2009). Images were
acquired through a brightfield microscope Olympu§®. with high resolution camera
(Olympus DP72). The classification of the histotagistages of the spermatogenesis
was performed using the parameters proposed by V34et al. (1996).

The histological Tkp was calculated considering individuals that hadtalges
of spermatogenesis detected in their testicles Idgistic equation PTL=1/ (1%&°™)
was applied to the proportion of mature individu@TL) by TL class, where aand b

are equation parameters. Histologicakdtalue was compared with the morphological
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TLso value (calculated for this same skate sample) asatescribed by NOLAN et al.
(2002).
RESULTS

Anatomy and Histology of Male Gonads

The testes of both specifsacuta andS. bonapartii showed similar
characteristics in their anatomical macroscopitralkcsure. Both testes were perfectly
symmetrical and functional, with lobular shape glied dorsally within the peritoneal
cavity (Fig. 1). The male gonads are formed byeghigonal organ and testis in intimate
association, indicating the high vascularisatiothed tissue. Macroscopical analyses of
the individuals classified as immature in both spebased on the morphology showed
small testicular lobules in size and pale coloratiducts in these specimens had still no
differentiation. The gonads were constituted ppatly by the epigonal organ (EO) and
germinal testicular tissue. The later showed alfzigascularized tissue in mature males
(Fig. 1). The EO was conformed mostly by granuidisqleucocytes) and eosinophilic
granulocytes (Fig. 2a). In the middle region of gjemadal tissue, ducts with simple
cubic epithelium and no secretory activity wereedetd, corresponding to the efferent
duct (ED). Positive reactivity positive for PAS Ieique was revealed in this region,
surrounded by connective tissue an intratesticéaretion of glycoproteins (Fig. 2b).

Microscopic observations showed that the ratio E@gnal testicular tissue
gradually and considerably diminished with the mation progress (Fig. 2c). Also,
males classified as adolescents and mature fordpatties analyzed, had a reduced EO
with respect to the germinal testicular tissue, noswopically represented by the

presence of the largest lobules situated on theatlanterior testis zone (Fig. 2d). The
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mature sperm produced in the testicles is carniedral in the spermatic matrix through
the efferent ducts passing later through the epiuig, leydig gland, deferens duct and

finally stored in seminal vesicle (Fig. 1).

Fig. 1. Ventral view of the testes and completeemaproductive tract of a mature male
of Sympterygia acuta showing the testes (T) connected to the epigamg@o(EO), the
asterisk points one singular testicular lobule. Tae reproductive tract initiates with
efferent ducts (not visible in the figure), folloavby epididymis (E) and Leydig gland
(L) and deferens duct (DD), converging in the sehuesicle (SV). In the posterior

portion of these ducts the kidneys (K) can be seen.
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Fig. 2. Cross sections of gonadsSoacuta (a; ¢) ands bonapartii (b; d); (a) epigonal

organ (EO) with lymphomyeloid tissue, arrows indécaosinophils granulocytes (ESP)
and lymphocytes (L) and a single erythrocyte (ET6);testis and EO, the black square
shows a detail of the testicle with duct secretmtyity (SA), along with connective
tissue (CT) and blood vessels (BV); red square shodetail of efferent duct (ED)
without secretory activity, composed of simple cuggpithelium (SCBE), arrow

showing espermatocyst and the asterisk repredsmtamen; (c) gonads of an
immature individual with clustered spermatocystthwai a lobule (LB); (d) gonad of a

sexually mature individual. Figures (a-c) stainethw?AS and (d) stained with HE.
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Stages of Spermatogenesis

In a cross section of testisamature malés. acuta andS. bonapartii, it was
possible to see differentiated spermatocysts, atilig the progression of
spermatogenesis (Fig. 3a). Differences were obdearnvihe stages of spermatogenesis
for each proposed stage of maturity in both spestisdied. Immature males Sfacuta
presented the stages of spermatogenesis staged SllaAdolescents and mature
males showed all stages of spermatogenesis fram®VIl. While the testis of
immature males db bonapartii showed a predominance of stages Sl and Sll, some
immature showed transitional stages between pl&is8¥1. Adolescent males had
testes ranging from phase SllI to SVII, with predaanice of stages SIV and SVI. In
mature individuals all stages of spermatogenesis weesent, from Sl to SVII. In
addition, a predominance of stages SVI and SVllevadrserved in the gonads of mature
individuals (Fig. 3a).

Stage | (SI)

In this initial phase, the spermatogenesis is dtaraed by the presence of
dispersed germinal cells, forming a loose tissubaut the delimitation of a membrane.
These cells indicated that beginning spermatogsnesiradiated diametrically. Small
germinal cells with a grouping tendency where alsserved. The Sertoli cells were
observed in association with the germinal cell.segjuently, spermatocysts in early
development stage with spermatogonias presentiagya nucleus were formed (Fig.
3b).

Stage Il (SII)
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Spermatogonias result from the consecutive mittitissions of the germinal
cells. At this stage, the spermatocysts presentednally a layer of spermatogonias
with Sertolli cells migrating peripherally, arrambaround the central lumen, with
basement membrane delimiting these spermatocyigts3e).

Stage Il (S

After undergoing mitotic divisions, the spermatoigsnconvert to primary
spermatocytes. This includes a reduction of gemeéiterial through the first meiotic
division giving rise to secondary spermatocytes $permatocysts contains
voluminous spherical cells, with large nuclei comgokto previous stages (Fig. 3d).

Stage IV (SIV)

This phase is characterized by the presence ofnsiels due to the second
meiotic division by the secondary spermatocytestg¥iologically, the spermatids have
a small cell body, round nuclei. There was a highsity of spermatids occupying a
large area of the spermatocyst, evidencing a lureéaction in some cases (Fig. 3e).

Stage V

The appearance of spermatids in the previous stagked the beginning of the
spermiogenesis. During spermatids maturation, egltls migrate toward the
periphery delimiting the spermatocysaipwing in subsequent stages a radial growth of
spermatozoa. The immature sperm that is formelisnphase was found in a
disorganized form (Fig. 3f).

Stage VI (SVI)

The mature spermatozoa are organized in packaigesgthe peripherically

spermatocysts beside the Sertoli cells. The hekite anature sperm or

77



spermatozougmata present a typical spiral shated toward the periphery of
spermatocyst. A broad lumen communicates matumersfmvard the collecting ducts
where it subsequently is communicated with thereffevessels (Fig. 2b). Particles
PAS + secretion in nature glycoprotein were obsgimehis stage, being observed near
the EO ducts containing these same substances3(@ig.

Stage VII (SVII)

The spermatocysts suffer deformation at this stadepting flattened forms;
with slight or no sperm. The collapse of the speéotysts caused a displacement of
Sertoli cells from their initial position, beingsgiersed and being particularly visible.
Spermatocysts in this stage were observed evacaatkoh process of degradation (Fig.

3h), indicating the end of spermatogenesis.
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Fig. 3.Spermatogenesis Bacuta (a-d) andS. bonapartii (e-h). Testis in cross-section;
(a) progression of diametric stages of spermataienstained with HE; (b) Stage I:
indicating in detail germinal cells (GC), spermaio@ (G) next to Sertoli cells
indicated by the arrow, stained with HE; (c) Stdgepermatogonias with large
nucleus, besides basement membrane (BM) at theheeit spermatocysts stained with
AB pH 2.5; (d) Stage lll: formed by spermatocyt8d(T) with Sertoli of cells

migrating to the periphery, mitotic cells (MC) aiso observed, right micrograph
stained with AB pH 1.0 and left stained with PA&) $tage IV: spermatids (SMD) with
small round nuclei, stained with PAS; (f) Stagandmature sperm (1S) within the
disorganized spermatocyst, showing that partiateetion (PS), stained with PAS; (Q)
Stage VI: mature spermatozoa (MS) packaged in¢hiplpery, on the left micrograph
the evacuation of sperm into the lumen is indicas¢égined with HE, On right
micrograph indicated a strong presence of parsietzetion (PS) is indicated, stained
with PAS; (h) Stage VII: spermatocyst in degradatoth large amounts of Sertoli

cells (arrow), without presence of spermatozoansthwith AB pH 2.5.

Epididymis

Anatomically, the epididymis is comprised of a ediland compressed tubule,
showing an elongated shape, dorsoventrally flatteattached to the dorsal wall of the
abdominal cavity (Fig. 1). The epididymis was emédly covered by a thin membrane
formed by connective tissue.

The males o8 acuta andS. bonapartii were histologically similar in relation to

the micro-anatomy of the epididymis. In cross sextthe epididymis demonstrated to
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be a duct lined by a ciliated simple columnar egithm. This tissue bore cells with
secretory activity, characterized by a basement Ionene positive with PAS; AB pH
1.0 and 2.5 (Fig. 4). In immature males, the epiciid appeared as a practically closed
duct, with a pretty small lumen and with no speFfig(4a). Paradoxically, mature
individuals had a large and vascularised epididyaiils abundant amounts of seminal
matrix within this cavity, forming a dense fluidtwiclusters of sperm in form of
spermatozeugmata (Fig. 4b). Also the glycoprotairiges PAS positive similar to
those found within mature spermatocysts stage ‘ertestis, were present integrating
the seminal matrix.
The Leydig Gland
Macroscopically irS acuta andS. bonapartii the Leydig gland is located in the
posterior region of the epididymis in ventral vicwvom the histological point of view,
in a cross-section, the tissue of the Leydig glaad observed lining dorsally to the
area of epididymis. This tissue was characterigeithé presence of a simple ciliated
columnar epithelium PAS +. This epithelium showedrstory cells characterised by a
light supranuclear (LS); also cell with nucleusmib@ apex (Fig. 4c). Tubules of the
Leydig gland in immature males showed scanty oetbsecretory activity of the
epithelium; although there was strong reactivityhef basement membrane, evidenced
with the staining PAS and AB (Fig. 4d).
Ductus Deferens

The anterior portion of the ductus deferens isted@anmediately after the
epididymis. This ductus appears forming a spiratedcture visible to the naked eye

(Fig. 1). In mature males & acuta andS. bonapartii, the ductus deferens showed a
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duct lined by a columnar epithelium simple. Witk duct the presence of a seminal
matrix with spermatozeugmata PAS+ was detectedtateral sides the deferent duct
inserts itself into the surrounding connectiveuesgorming simple tubular glands
highly positive with PAS, AB 1.0 and 2.5 pH. Thegands were composed by a simple
cuboidal epithelium with goblet cells, indicatirttat the secretion of this epithelium
was associated with sperm inside the ducts.
Seminal Vesicle

The seminal vesicle is formed by a ciliated sing@imnar epithelium,
characterized by the high amount of seminal matoxformed by clusters of sperm or
spermatozeugmata, eosinophils particles and PA&¢etsans. Willing sideways
observed the glandular tissue similar to the figdim the deferent ducts, containing
inside these tubules large amounts of secretiossltdted and carboxylated acid
mucopolysaccharides (AB pH 1.0 and 2.5 +) addilignmoved whether secretion of

glycoproteins and neutral substances with (PAS +).
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Fig. 4.Male reproductive tract @& acuta (a, b, c, f, h)andS. bonapartii (d, e, g); (a)

left epididymis of an immature individual, showiagluct with simple columnar
epithelium (SCE), the arrow indicates the cellsleus, basement membrane (BM) and
the small empty lumen (asterisk), on the right sadtubule of the epididymis of a
mature individual is indicated, showing a matrix)(With spermatozeugmata (S)
staining with AB pH 2.5; (b) presence of glycomios in the matrix (M) and SCE,
verified with PAS staining applied in epididymisiafmature and mature males, on the
left and right respectively; (c) Leydig gland wighmple columnar epithelium (SCE)
with supranuclear light (LS), basement membrane BMhe epithelium together with
basal nucleus (arrow), production of secretiong ¢€@eumulated in the lumen; stained
with PAS . (d) Leydig gland contributing with setmey products (SP) in the proximity
of epididymis, arrow indicates apical nuclei; stagnAB pH 2.5; (e) dutus deferens
(DD) with simple columnar epithelium (SCE) and ma{M); square in black color
indicates detail of glandular ducts annexes, comgbas simple cubic epithelium
(SCBE) and goblet cells (GC), stained with AB pHarfl 2.5. (f) On the left ducts
annexed to DD with production of secretions (SPERAsitive, in the right ductus
deferens with SCE and a matrix with clusters ofsy@ozeugmata; (g) detail of the
seminal vesicle (square on the upper left) compo$adsimple columnar epithelium
(SCE) and basement membrane (BM), inside the sénesale there is a matrix with
spermatozeugmata; the square on top on the rigltates large secretory tubules (TS),
abundant secretory products (SP), rich in mucopalsisarides acids, sulfated and
carboxylated, evidenced by the AB pH 1.0 and Zastg and (h) clusters of

spermatozeugmata (micrograph on the left), stamddPAS, on the right, a secretory
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tubule containing granulocytes eosinophils (ESH) sectretory products (SP) AB
positive. Figures (a and b) correspond to as monchdture and mature individuals;

figures (c-h) correspond to mature individuals.

Comparison of the Morphological and Histologicatesat-50%-Maturity (Tkg)

Values of morphometrical Tk for maleS acuta andS. bonapartii were 46.1
cm (R =0.99; n=17) and 58.4 cm (R = 0.98, n » B&5pectively (Fig. 5). However,
histological Tlsoconsidering the relative proportion of spermataogysintaining mature
sperm (Fig. 5b, d) was estimated to lie in 44.7(Bm 0.99, n= 16) and 54.68 cm (R=
0.98 n=79) foiS acuta andS. bonapartii respectively (Fig. 5).

The histological method considers males that hawnepteted all stages of
spermatogenesis, the histologicalsd ln both species analyzed was lower than the

morphological Tl (Fig. 5).
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Fig 5. Total length-at-50%-maturity estimates #ympterygia acuta (a) and

Sympterygia bonapartii (c): percentage of mature males by total lengtiptgraymbols

represent those cases when maturity was asseseadtttthe traditional method based

on morphological characteristics of the reprodwetnact and gonads; bold circles

represent histological Bbproposed by NOLAN et al. (2002). The relative atamze

of the stages of spermatogenesis detected [(spagoraa (light gray), spermatocyt

(dark gray), spermatids (black dots) and spermatglaiack)] and the total length (cm)

for S acuta (b) andS. bonapartii (d). The arrow indicated the size correspondinipéo

morphological Tlso.
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Gonadosomatic Index and Morphometric RelationsbfpraleS acuta andS.
bonapartii

For immature males @& acuta with TLs between 29.5 and 47.0 cm, GSI values
ranged between 0.39 and 0.52 (mean=0.46; SD=005; mhose TLs between 43.0
and 46.0 cm corresponded to adolescents specifioenghich GSI ranged from 1.17 to
2.31 (mean=1.74; SD=0.81; n=2). In mature specimetseen 47.0 and 56.0 cm GSI
varied between 0.93 and 2.68 (mean=1.90; SD=0481 n(Fig. 6a).

For S bonapartii immature individuals with TLs between 47.2 andb63n
corresponded toGSI varying from 0.18 to 1.81 (méab2; SD=0.53; n=14).
Adolescents with TLs between 55.0 and 71.6 cm h@brénging from 0.74 to 2.60
(mean=1.66; SD=0.48; n=19). Mature, on the othedhwith TLs between 58.6 and
76.8 cm had GSI values varying from 0.76 to 1.87(krean=1.30; SD=0.28; n=59)
(Fig. 6¢). The highest values of GSI in mafebonapartii corresponded to adolescent
individuals (Fig. 6¢-d). Clasper length values sbhdwlifferences among the mean

values for each stage of maturity in both spediés Gb,d).
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Fig. 6. Sympterygia acuta. Relationship between gonadosomatic index and {al) to

length (cm), (b) clasper length (cn®ympterygia bonapartii (c) and (d).

DISCUSSION

Mature males o$ acuta andS bonapartii showed compound testicular

organization, with lobules developing from germinahes irradiating diametrically

when viewed in cross section, being consistent thighclassification of PRATT (1988)

for elasmobranch gonads. The EO in both specidgzathshowed the typical

10

lymphomyeloid tissue of this organ, which contrinisctions and processes related with

hemopoiesis and immune system. The EO is compdsamsmophils granulocytes

cells, such as described for batoids by HINE andiM@987), with lymphocytes and
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erythrocytes in the case of the rajlgia eglanteria (BOSC, 1802) (WALSH; LUER,
1998), being these cells characterized in othesnatdoranchs by WALSH and LUER
(2004).

Changes in the degree of differentiation of tesictissue were found in the
stages of spermatogenesis during the sexual develupn males o8 acuta andS
bonapartii. Other studies in skates indicated changes iplilases of spermatogenesis
associated with maturation stages usesympterygia spp., inRaja clavata
(LINNAEUS, 1758) for instance (SERRA-PEREIRA et2011). Such differentiation
of spermatogenesis stages during sexual developaeatobserved iheucoraja
wallacei (HULLEY, 1970) andDipturus pullopunctatus (SMITH, 1964)
(WALMSLEY-HART et al., 1999)] eucoraja ocellata (MITCHILL, 1815)
(SULIKOWSKI et al., 2005). Histological observat®an testis oUrobatis halleri
(COOPER, 1863) were studied by MULL et al. (2008jaxiated with changes in
spermatogenesis during reproductive development.

Histological differences were found between theliglymis of S acuta andS.
bonapartii during the sexual development. However, the maratomical
characteristics recorded in both species may be asa reference parameter in
identifying the maturity of stage. The epididymedhthe presence of seminal fluid with
particles of glycoproteins (PAS +), accompaniedlogters of spermatozeugmata in
both species. These secretions were also detegtddRLETT (1999) in the
epididymis ofLeucoraja erinacea (MITCHILL, 1825). Studies on the oviparous shark

Heterodontus portugjacksoni (MEYER, 1793) showed a relation of these secretions
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with the increase of concentration of protein indlithe lumen of the deferens duct
(JONES; LIN, 1993).

The Leydig gland in mature males®facuta andS. bonapartii the production
of PAS + secretions that form masses of mater@lmalated in the glandular lumen.
These same secretions were demonstrated to begathduthe Leydig gland of the
skatel eucoraja erinacea (HAMLETT, 1999; JONES; HAMLETT, 2006). The nature
of the secretions produced by the Leydig gland ags®ciated with that of the particles
found in the seminal fluid of the epididymis andother parts of the male reproductive
tract in deferens duct and seminal vesicl& afcuta andS. bonapartii.

The secretory tubules observed in the deferentahutiseminal vesicle, located
laterally, possibly provide elements related tortt@ntenance and storage of sperm in
the seminal vesicle before the copula. The histooted studies made by JONES and
HAMLETT (2002) described processes in glycosylatioming the production of
secretions along the genital tract, being importanthe maturation and transport of
sperm inLeucoraja erinacea.

The histochemical analysis performed in each diigeaital tract ofS acuta
andsS. bonapartii are in agreement with histological descriptionsied out in other
species of skates (HAMLETT, 1999; JONES; HAMLETD02, 2006; SERRA-
PEREIRA et al. 2011), in the oviparous shiterodontus portusjacksoni (JONES et
al., 1984) the viviparous sha@entroscymnus coelolepis (BOCAGE; CAPELLO,

1864) (MOURA et al., 2011) and the chimé&allorhynchus milii (VINCENT, 1823)

(HAMLETT et al., 2002). This was particularly valid terms of the internal epithelia,
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type of cells present, tissue reactivity usingstaens PAS and AB and presence of
spermatozeugmata in the ducts.

Different methodologies are commonly used to astesmaturity in
chondricthyes (WALKER, 2005). In the present studyg techniques for the
assessment of maturity in elasmobranches were aceahos S acuta andS.
bonapartii; the morphological and the histologicalsfLFrom this comparison, it was
possible to establish differences between thesddalmiques for the assessment of
maturity, particularly foiS. bonapartii, where the value of histological §4was lower
than the morphological. This can be explained @salt of the addition of individuals
considered as adolescents from the morphologiaat pbview, that actually had
mature characteristics when histologically analyassessing and confirming the
presence of all the stages of spermatogenesis.

Further, it was verified that some individuals that been classified as
adolescents through to morphological method anctbiee with a small clasper, had on
the others high IGS values. In these cases anabtbrspecies, it was demonstrated
through histology that the testicles bore matuerrsatocysts corresponding to stages
SV and SVI. However in these males there was nsepiee of sperm in the seminal
ducts. EBERT et al. (2008) observed the same ies$raRaja binoculata (GIRARD,
1854)andR. rhina (JORDAN; GILBERT, 1880), record the clasper beileyeloped
later in relation to the spermatocysts in the gshadact also documented by
SULIKOWSKI et al. (2005, 2006, 2007), in three dpsmf the Gulf of Maine,
Leucoraja ocellata, Amblyraja radiata (DONOVAN, 1808) andvialacoraja senta

(GARMAN, 1885).
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The presence of spermatozoa associations recoritled the epididymis,
deferens duct and seminal vesicleSocuta andS. bonapartii are in agreement with
what PRATT and TANAKA (1994) described as spermatmmata. The abundance of
spermatozoa in different parts of the reprodudiiget in both species might be related
to events previous or after the copula in maturees(SIERRA-PEREIRA et al., 2011).
Further studies on the reproductive cycle are reguior better understanding these
processes. However, it is well knower that skadlew continuous reproduction
throughout the year, which may or not include trespnce of peaks of reproductive
activity (WOURMS, 1977, ODDONE & VELASCO, 2008)

BARONE et al. (2007) showed the presence of regjorads in terms of
gametogenesis and with reduced size in mature makega asterias (DELAROCHE,
1809) that had fully developed claspers. These srtade fully developed claspers big
and drive with reduced gonads. A similar observatias done its. bonapartii, with
some individuals had mature gonads but with longefor the maturity stage
considered, what was clearly reflected throughvedaes of GSI. In addition,
considering clasper size, these individuals alsbfally developed claspers (in terms of
size and calcification, gonads with mature spergytis and no sperm in the
reproductive tracts.

Posterior studies carried out for the species tuckvresting gonads had been reported
allowed including which individual within a diffené reproductive stage (SERRA-
PEREIRA et al. 2011). Histological studies représenaccurate tool for the maturity

staging in male chondrichthyan fishes. Howevads itecessary to integrate these results
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with morphological ones, in order to get a moradtml understanding of the
reproduction.
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