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RESUMO

O objetivo deste estudo foi avaliar técnicas de sexagem em juvenis de
Lophiosilurus alexandri. Foram testadas as técnicas de celioscopia, que é realizada com
0 uso de equipamento para video cirurgia, celiotomia que consistiu em procedimento
cirurgico para visualizacdo direta das gonadas e sexagem por sonda uretral, que se
baseia na identificacdo do sexo pela comparacdo entre as papilas genitais. Utilizando a
técnica de celioscopia, a sobrevivéncia 30 dias apds os procedimentos foi de 100%. Os
peixes voltaram a se alimentar 10 dias apds a cirurgia. A técnica apresentou 100% de
confirmacdo para os individuos identificados como fémeas, enquanto que para aqueles
identificados como machos a confirmacao foi de 66,6%. N&o foi verificada diferenca
significativa para tempo de inducdo a anestesia e tempo de recuperagdo para machos e
fémeas. Contudo, o tempo de procedimento foi maior para os machos devido a
dificuldade em observar as gbnadas, fato que pode ser atribuido a grande quantidade de
gordura visceral nos machos e ao coeficiente intestinal maior que 1, apesar de ser um
peixe carnivoro. O indice gonadossomatico foi maior nas fémeas. Para a técnica de
celiotomia, ap6s 30 dias da cirurgia, a sobrevivéncia também foi de 100%. Foram
verificados dois animais interssexo. A técnica foi eficiente para a sexagem com 96,3%
de confirmacdo para machos e 93,9% para fémeas. Os peixes voltaram a se alimentar
entre 10 a 14 dias apds a cirurgia. Nao foi verificado diferencas significativas para
tempo de inducdo anestésica, procedimento cirdrgico para visualizacdo das gbnadas e
tempo de retorno da anestesia, entre machos e fémeas (P>0,05). A técnica de sonda
uretral foi menos eficiente, com 67,8 e 81,8% de confirmacdo para machos e fémeas,
respectivamente. Concluimos que a técnica de celiotomia é recomendada para sexagem
de ambos 0s sexos e a celioscopia para identificar fémeas juvenis de L. alexandri.

Palavras chaves: pacamd, reproducdo, sexagem, peixe carnivoro, cirurgia em peixes



ABSTRACT

This study aimed to evaluate sexing techniques for juvenile Lophiosilurus
alexandri. The following techniques were tested: Coelioscopy, performed with the use
of video surgery equipment; coeliotomy, consisting of a surgical procedure for direct
visualisation of the gonads, and sex determination by a urethral probe, based on sex
identification by the comparison between the genital papillae. Using coelioscopy,
survival was 100%, 30 days after the procedure. The fish restarted eating 10 days after
surgery. This technique presented 100% confirmation for individuals identified as
females, while for those identified as males confirmation was 66.6%. There was no
significant difference between males and females for anesthesia induction and recovery
time. However, the procedure took longer for males due to the difficulty in observing
the gonads, which can be attributed to the large amount of visceral fat in males and to an
intestinal coefficient larger than 1, despite it being a carnivorous fish. The
gonadosomatic index was higher in females. As for the coeliotomy technique, 30 days
after surgery, the survival rate was also 100%. Two intersex animals were found. This
technique was efficient for sexing males with 96.3% accuracy and females with 93.9%
accuracy. The fish restarted eating between 10 and 14 days after surgery. Significant
differences between males and females were not found for anesthesia induction time,
duration of the surgical procedure to visualise the gonads and anesthesia recovery time
(p > 0.05). The urethral probe technique was less efficient, with 67.8 and 81.8%
accuracy for males and females, respectively. We conclude that coeliotomy is
recommended for sexing L. alexandri juvenile and coelioscopy, to identify females of L.
alexandri juvenile.

Keywords: pacamd; reproduction; sexing; carnivorous fish; fish surgery
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1. INTRODUCAO

A identificacdo do sexo em peixes € fundamental para o desenvolvimento de
estratégias de manejo nos programas de reproducdo na aquicultura (Rota e Marques,
2007). O dimorfismo sexual é facilmente identificado em algumas espécies de peixes
como em lebiste Poecilia reticulata, na qual os machos apresentam tamanho menor e
coloragdo mais intensa do que as fémeas (Barreiro-Buceta, 2013). Entretanto, vérias
espécies de importancia na aquicultura ndo apresentam dimorfismo sexual, ou este s
aparece de forma secundaria, ou seja, durante a maturidade sexual, como é o caso do
padrdo de coloragdo em pirarucu Arapaima gigas (Monteiro et al., 2010) e diferencas na
anatomia da papila genital em tilapia Oreochromis niloticus (Yasui et al., 2006). Ha
espécies que atingem a maturidade sexual apos alcancarem um grande tamanho
corporal, nesse caso, 0s custos para se formar e manter o plantel de reprodutores é alto
(Godinho, 2007). Metodologias como técnicas ultrassonograficas e cirdrgicas sdo
utilizadas como alternativas para identificacdo sexual precoce em peixes, 0 que pode
gerar economia para o produtor (Masoudifard et al., 2011; Chaves et al., 2015). Desta
maneira, quando a selecdo de reprodutores é realizada em peixes juvenis, torna possivel
adiantar a selecdo dos individuos que apresentam desempenho zootécnico superior,
minimizando a ocupacgdo das estruturas de cultivo, o uso de mao de obra e 0s custos

com alimentacao.

2. REVISAO DE LITERATURA

A revisdo a seguir aborda técnicas utilizadas para sexagem em peixes, tanto para
monitoramento da eficiéncia de inversdo sexual, quanto aquelas utilizadas para segregar

machos e fémeas tendo em vista 0 manejo reprodutivo.

2.1. Coloracéo por acetato-carmim

Esta técnica € muito utilizada para a tilapia-do-nilo (Oreochromis niloticus).
Pode ser empregada com maior acuracia em peixes com comprimento minimo de 3 cm
e 0,5 g de peso médio (Makino et al., 2009). Consiste na retirada de uma amostra
representativa de animais em cada lote. Depois de abatidos, o par de gonadas é
identificado. Em seguida, algumas gotas de solucdo de Bouin s&o aplicadas diretamente
nas gonadas. Este procedimento endurece o tecido gonadal facilitando a sua remogéo.
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Entdo, se estende as gbnadas sobre uma lamina de vidro onde sdo instiladas algumas
gotas da solucdo de acetato-carmim. Em seguida, uma laminula é colocada sobre este
material fazendo-se uma leve pressdo e é realizado exame ao microscopio de luz. O
tecido gonadal dos machos é caracterizado pela presenca de cistos que contém
espermatogonias e espermatdcitos, enquanto que, nas gbnadas das fémeas, ¢ verificada
presenca de ovocitos no estadio perinucleolar (Wassermann e Afonso, 2002; Makino et
al., 2009).

A tilapia-do-nilo (O. niloticus) é uma das espécies mais cultivadas no Brasil,
recomendando-se o cultivo de lotes monossexo, devido ao fato de o macho apresentar
maior crescimento e melhor conversdo alimentar do que a fémea, como também para
evitar problemas como cépula e desova que podem resultar em excesso populacional
nos viveiros (Dias-Koberstein et al., 2007). A masculinizacdo é realizada com o uso de
17a-metiltestosterona adicionado a racéo, na fase de alevinagem (Gayéo et al., 2013). A
eficiéncia deste processo de inversdo sexual é avaliada através do método de coloracéo
por acetato-carmim. Contudo, por ser necessario o sacrificio dos animais, € uma técnica

gue ndo poderia ser usada para formar planteis de reprodutores.

2.2. Avaliagdo de caracteres sexuais secundarios

Em peixes, 0s caracteres sexuais secundarios sdo variados: ex.: coloracéo,
tubérculos na cabeca, glandulas cutaneas e outros (Godinho, 2007). Estas caracteristicas
sdo utilizadas para diferenciacdo sexual de algumas espécies de grande interesse para
aquicultura brasileira, como o pirarucu (A. gigas) e a tilapia-do-nilo (O. niloticus).

O manejo reprodutivo do pirarucu (A. gigas) esbarra na falta de estudos para
melhor compreensdo de sua complexa estratégia reprodutiva. Na época de
acasalamento, os machos exibem uma cor vermelha intensa em escamas abdominais,
enquanto que, a cor vermelha € menos intensa nas fémeas (Chu-Koo et al., 2008). Lopes
e Queiroz (2009) analisaram a area e a intensidade de coloracdo, mas ndo conseguiram
identificar o sexo corretamente nessa espécie. Desta forma, esta caracteristica ndo é
confiavel para diferenciar os sexos (Carreiro et al., 2011). Contudo, Monteiro et al.
(2010) relataram sucesso na identificacdo sexual de pirarucu em periodo reprodutivo
(animais acima de 3 anos), através de uma mancha alaranjada na regido inferior da
cabeca, presente somente nos machos.

As tilapias apresentam dimorfismo sexual secundario permanente, representado

principalmente, pela papila urogenital distinta entre os sexos, o que facilita 0 manejo
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reprodutivo desta espécie. Na fémea, a papila apresenta duas aberturas distintas, o
orificio urinario e a saida do oviduto. Nos machos, existe somente uma abertura, que
servird para a liberacdo de sémen e a excrecdo da urina (Yasui et al., 2006). Makino et
al. (2009) utilizando Azul de Metileno a 1% para evidenciar a papila, conseguiram
realizar a sexagem de forma eficaz em peixes com comprimento acima de 5 cm, o que

ocorre entre 60 e 90 dias de idade.

2.3. Ultrassonografia

A ultrassonografia € uma técnica que permite identificar estruturas moles em
diversas profundidades do organismo de maneira ndo invasiva. Essa técnica baseia-se na
captacdo dos sons refletidos (ecos) ao passarem por tecidos de composic¢des diferentes.
Esses ecos sdo transformados em imagens, que aparecem na tela do aparelho de
ultrassom como uma variacdo de sombras em cinza, preto e branco e podem ser
facilmente interpretadas (Crepaldi et al., 2006).

Para especies de peixes que ndo apresentam dimorfismo sexual secundério, a
ultrassonografia esta se destacando como alternativa aos métodos mais invasivos e
complexos, como as técnicas baseadas em cirurgia, que podem comprometer a salude
destes animais e seu sucesso reprodutivo (Rota e Marques, 2007). Nos paises onde a
piscicultura ja é consagrada como uma atividade empresarial, a utilizacdo do ultrassom
¢ rotineira em centros de pesquisas, principalmente na reproducdo e permite a
visualizacdo das estruturas reprodutivas sem retirar o peixe da agua, o0 que € uma grande
vantagem, uma vez que se elimina qualquer interferéncia do ar na imagem gerada,
proporcionando uma maior nitidez (Crepaldi et al., 2006).

Masoudifard et al. (2011) relataram a identificacdo sexual em esturjdo (Huso
huso) com exatiddo acima de 96%, tanto para machos quanto para fémeas utilizando o
ultrassom. Entretanto, a presenca da bexiga natatoria e gases intestinais podem obstruir
a visualizagdo ultrassonografica em outra espécie de esturjdo (Scaphirhynchus sp.)
(Divers et al., 2009). Na sexagem da tuvira (Gymnotus sp.) o uso do ultrassom
apresentou 98% de acerto, com custo unitario inferior a R$ 0,70 por peixe (Rota e
Marques, 2007). Contudo, o uso do ultrassom requer experiéncia do operador para
analisar as imagens, sendo que em peixes mais jovens, a acuracia diminui como
verificado em esturjdo russo (Acipenser gueldenstaedtii) (Hurvitz et al., 2007). Além
disso, em arenque (Clupea harengus pallasi), a sexagem e a classificagdo do estadio

reprodutivo com esta técnica sé foram possiveis mediante um desenvolvimento minimo
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das gbnadas, ou seja, quando estas apresentaram aumento de volume devido a
proximidade do periodo reprodutivo, o que facilitou sua visualizacdo (Bonar et al.,
1989).

2.4. Sexagem por analises laboratoriais

Técnicas genéticas e moleculares estdo sendo desenvolvidas para identificacdo
do sexo em peixes. Uma das metodologias utilizadas é a identificacdo de marcadores
moleculares associados aos cromossomos sexuais, através da técnica de Reacdo em
Cadeia da Polimerase (Vale et al., 2014).

Porém, esta técnica ndo se aplica a todas as espécies. O pirarucu (A. gigas) por
exemplo, ndo apresenta diferenciagdo cromossOmica entre machos e fémeas,
apresentando um ndmero dipléide 2n = 56 em ambos os sexos (Porto et al., 1992;
Marques et al., 2006). Esturjées (H. huso) jovens ndo contem cromossomos sexuais,
tornando impossivel a identificacdo genética dos sexos numa fase precoce da vida
(Wuertz et al., 2006; McCormick et al., 2008).

Como alternativa, Chu-Koo et al. (2008) buscaram determinar o sexo em
pirarucu (A. gigas) por meio de deteccdo da proteina vitelogenina (Vtg) e mensuracao
dos niveis de esterdides sexuais 178 — estradiol (E2) e 11 — Ketotesterona (11KT), em
amostras de sangue. Os resultados mostraram que € possivel distinguir machos de
fémeas com seis anos de idade por meio da concentracdo de Vtg (100% de eficacia) e da
proporcdo dos horménios 11KT/E2 (95% de eficacia). Os autores afirmaram, ainda, que
essa metodologia também se aplica em peixes com trés anos de idade. No entanto, ainda
nédo existe uma metodologia que permita distinguir machos e fémeas antes de atingirem

a primeira maturacdo gonadal.

2.5. Endoscopia

O endoscopio é constituido por um tubo fino contendo fibras dpticas para
transmitir a luz de uma fonte externa, para iluminacdo de 6rgdos internos que séo vistos
através uma microcamera de video ou ocular ligado ao tubo (Swenson et al., 2007).

A identificacdo do sexo de peixes por endoscopia, também conhecida como
celioscopia, se baseia na diferenciacdo macroscopica das estruturas reprodutivas, que
sdo visualizadas inserindo-se 0 endoscépio através de uma pequena inciséo abdominal,
0 que permite uma precisa avaliacdo tecidual e a classificagdo das gbnadas como
ovarios ou testiculos (Stetter, 2006).


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCMQFjAA&url=http%3A%2F%2Fpt.wikipedia.org%2Fwiki%2FRea%25C3%25A7%25C3%25A3o_em_cadeia_da_polimerase&ei=kwzvVPGlGOWMsQTw-4DgBg&usg=AFQjCNEcr9IwCu6rCHVCKp4RYJM7cuEthQ&sig2=tDKTt6bO7Lbynxa20vnQ7w&bvm=bv.86956481,d.cWc
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCMQFjAA&url=http%3A%2F%2Fpt.wikipedia.org%2Fwiki%2FRea%25C3%25A7%25C3%25A3o_em_cadeia_da_polimerase&ei=kwzvVPGlGOWMsQTw-4DgBg&usg=AFQjCNEcr9IwCu6rCHVCKp4RYJM7cuEthQ&sig2=tDKTt6bO7Lbynxa20vnQ7w&bvm=bv.86956481,d.cWc
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Endoscdpios tém sido utilizados com sucesso para esta finalidade em diversas
espécies de peixe, incluindo truta (Salvelinus fontinalis) (Swenson et al., 2007), pirarucu
(A. gigas) (Carreiro et al., 2011), esturjdo (H. huso) (Falahatkar et al., 2011), enguia
europeia (Anguilla Anguilla) (Macri et al., 2014) e surubim (Pseudoplatystoma sp.)
(Chaves et al., 2015), com indices de acerto que variam de 94% a 100%.

A preparagdo para a cirurgia com antissepsia de pele, feita como em mamiferos,
ndo é recomendada para peixes, devido aos efeitos prejudiciais que a retirada do muco,
rico em imunoglobulinas, pode causar (Stetter, 2010). Entretanto, para realizacdo da
cirurgia é necessario submeter o animal a anestesia. A indugdo anestésica é realizada
por dissolugdo do principio ativo escolhido na agua, o que promove a absorcao
branquial do anestésico e sedacdo do peixe, que entdo pode ser retirado da agua para
realizacdo do procedimento cirargico, que dura em média de 3 a 4 minutos (Falahatkar
et al., 2011; Macri et al., 2014; Chaves et al., 2015). Diversas substancias podem ser
utilizadas, sendo as mais frequentemente escolhidas a tricaina metanossulfonato e o
eugenol (Murray, 2002). A manutencdo da anestesia € a manutencdo da respiragdo
podem ser realizadas através de uma mangueira inserida na boca do peixe, promovendo
a irrigacdo dos arcos branquiais com agua e anestésico, conforme realizado por Macri et
al. (2014) e Chaves et al. (2015).

Os ovarios se apresentam em formato sacular, alongados, de coloracdo rosada a
amarelada, variando em funcdo do status reprodutivo da fémea, enquanto que, o
formato dos testiculos é variavel em funcdo da espécie e a coloracdo é esbranquicada
(Falahatkar et al., 2011). Estas caracteristicas podem limitar a capacidade de distin¢cdo
entre a gordura visceral e os testiculos, o que dificulta a identificacdo do sexo em peixes
que possuem muita gordura na cavidade celomatica (Swenson et al., 2007; Falahatkar et
al., 2011).

Para a sutura, apos o procedimento, sdo empregados um ou dois pontos em
padrdo simples, sendo recomendada a utilizacdo de fio cirdrgico monofilamento, que
pode ser constituido por nylon, dentre outros materiais de uso comum em cirurgias e a
retirada dos pontos ndo é necessaria, pois estes sdo naturalmente expulsos pelo
organismo (Murray, 2002). A recuperacdo é realizada retornando com o peixe para a
agua em um tanque provido de oxigenacao suplementar. Neste momento é recomendado
realizar manipulacdo do animal para estimular a passagem de agua atraves das

brénquias, o que acelera a recuperacdo da anestesia (Chaves et al., 2015).
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Os indices de mortalidade relatados para esta técnica foram de 3,3% em truta
(Salvelinus fontinalis) (Swenson et al., 2007) e 3,8% em pintado (Pseudoplatystoma sp.)
(Chaves et al., 2015). J4, pra pirarucu (A. gigas) (Carreiro et al., 2011), esturjao (H.
huso) (Falahatkar et al., 2011) e enguia europeia (A. Anguilla) (Macri et al., 2014) néo

foi observada mortalidade associada ao procedimento.

2.6. O pacama

O Lophiosilurus alexandri (Steindachner, 1876) € um peixe conhecido na bacia
do rio Sdo Francisco como pacamd, pacumd, pacamdo ou niquin (Campeche et al.
2011). Pertence a ordem Siluriforme, é carnivoro, apresenta carne de excelente sabor,
sem espinhos intramusculares e também vem despertando interesse do mercado de
peixes ornamentais, o0 que tem incentivado sua introducdo na aquicultura (Ribeiro et al.,
2013, Lucanus & Mischook, 1997). Em sua regido de ocorréncia € muito cobicado, o
que gera forte pressdo sobre os estoques naturais e o coloca na lista oficial de espécies
em risco de extingdo (Brasil, 2014). Foi introduzido na bacia do rio Doce, mas seu
efeito sobre as espécies nativas ndo foi estudado (Barros et al., 2007).

Esta espécie apresenta desova parcelada e comportamento sedentario (Travassos,
1959). Libera seus ovos no substrato arenoso, onde o0 macho é geralmente o responsavel
pelo cuidado parental (Sato et al., 2003). Macroscopicamente, as génadas de pacamé
sdo pares e franjadas nos machos e pares e saculiformes nas fémeas (Barros et al.,
2007). A idade de primeira maturacdo gonadal nesta espécie ainda ndo foi descrita. Sua
larvicultura ja é realizada com sucesso através do emprego de alimento vivo (Melillo
Filho et al., 2014).

Alguns autores afirmam que pacamd ndo apresenta dimorfismo sexual
(Travassos, 1959; Sato et al., 2003 ) entretanto, Lopes et al. (2013) descreveram
diferencas sutis entre as papilas urogenitais de machos e fémeas adultos, que podem ser
observadas a partir da insercdo de uma sonda uretral na papila, com o intuito de

identificar a presenca do oviduto nas fémeas (terceiro orificio).
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3. OBJETIVOS

3.1. Objetivo geral

Realizar a sexagem em juvenis de pacama Lophiosilurus alexandri.

3.2. Objetivos especificos

- Realizar a sexagem em pacama pela técnica de celoscopia;

- Realizar a sexagem em pacama pela a técnica de celiotomia;

- Realizar a sexagem em pacama pela técnica de diferenciacdo de papila
urogenital com o uso de sonda uretral,

-Avaliar o retorno a alimentacdo e sobrevivéncia como parametros para

mensurar o efeito do estresse as técnicas de celiotomia e celoscopia.
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4.1. Abstract

This study aimed to evaluate sexing techniques for juvenile Lophiosilurus
alexandri. The following techniques were tested: Coelioscopy, performed with the use
of video surgery equipment; coeliotomy, consisting of a surgical procedure for direct
visualisation of the gonads, and sex determination by a urethral probe, based on sex
identification by the comparison between the genital papillae. Using coelioscopy,
survival was 100%, 30 days after the procedure. The fish restarted eating 10 days after
surgery. This technique presented 100% confirmation for individuals identified as
females, while for those identified as males confirmation was 66.6%. There was no
significant difference between males and females for anesthesia induction and recovery
time. However, the procedure took longer for males due to the difficulty in observing
the gonads, which can be attributed to the large amount of visceral fat in males and to an
intestinal coefficient larger than 1, despite it being a carnivorous fish. The
gonadosomatic index was higher in females. As for the coeliotomy technique, 30 days
after surgery, the survival rate was also 100%. Two intersex animals were found. This
technique was efficient for sexing males with 96.3% accuracy and females with 93.9%
accuracy. The fish restarted eating between 10 and 14 days after surgery. Significant
differences between males and females were not found for anesthesia induction time,
duration of the surgical procedure to visualise the gonads and anesthesia recovery time
(p > 0.05). The urethral probe technique was less efficient, with 67.8 and 81.8%
accuracy for males and females, respectively. We conclude that coeliotomy is
recommended for sexing L. alexandri juvenile and coelioscopy, to identify females of L.
alexandri juvenile.

~99,

Keywords: “pacama”; reproduction; sexing; carnivorous fish; in-fish surgery
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4.2. Introduction

The "pacama" Lophiosilurus alexandri, a carnivorous fish belonging to the
Siluriformes order, has high market value due to the flesh having no intramuscular
bones and a flavour that is appreciated by the consumer. This species is also becoming
popular in the ornamental fish market (Lucanus & Mischook, 1997). It is an important
species of the S&o Francisco River Basin, both socially and ecologically. Its natural
stocks are decreasing, and due to the fact that it has been considered an endangered
species, it is commonly used in restocking programmes (Lins et al., 1997; Brazil, 2014).
It presents a dorsoventrally flattened body shape, partial spawning, sedentary behaviour,
a preference for lentic environments (Travassos, 1959), and parental care, with its eggs
released on a sandy substrate (Sato et al., 2003). The larviculture of this species is
already successful using different breeding systems (Tenorio et al., 2006; Luz & Santos,
2008; Santos & Luz, 2008; Pedreira et al., 2009; Takata et al., 2014; Melillo Filho et al.,
2014).

Sexual dimorphism in the urogenital papillae may be detected in L. alexandri
adults from the third year of age (Lopes et al., 2013). However, an early sexing
technique, performed on eight-month old fish, can generate savings for the breeder of
USD 5.00 per fish, as it is not possible to perform sexing by secondary features, until
fish reach sexual maturity (Burtle et al., 2003).

The assisted reproduction of a species is of fundamental importance and is
hindered by sexual differentiation. In order to know the sex, it is usually necessary to
kill the fish, which is prohibited for rare or endangered species (Wildhaber et al., 2005).
Non-lethal methods for determining sex include sex hormone detection by
radioimmunoassay of blood samples, ultrasound, and endoscopy (Ortenburger et al.,
1996 ; Chu-Koo et al., 2009; Arantes et al., 2010). The detection of sex hormones is
extremely expensive and cannot be carried out in a standard laboratory. The ultrasound
technique has methodological limitations for its use in the field. The use of ultrasound
requires a degree of expertise to analyse the images, and in young fish, accuracy
decreases (Hurvitz et al., 2007). Furthermore, the presence of the swim bladder and
intestinal gases can obstruct the view (Divers et al., 2009). The coelioscopy/endoscopy
technique, however, was successfully performed in Acipenser gueldenstaedtii (Hurvitz
et al., 2007), Salmonids (Swenson et al., 2007), and female of hybrids catfish (Chaves et
al., 2015).
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The aim of this study was to perform sexing in juveniles of Lophiosilurus

alexandri using different methodologies.

4.3. Materials and Methods

The studies were conducted in the Aquaculture Laboratory of the Department of
Zootechnics, Veterinary School of the Federal University of Minas Gerais, Brazil
(LAQUA/UFMG), with support from the Department of Veterinary Surgery and
Clinical Care-UFMG and they were divided into three experiments following the
methodology approved by the Ethics Committee on Animal Use (CEUA /UFMG),
protocol numbers. 153/2010 and 181/2014.

For the experiments, the animals produced at LAQUA were placed in circular
tanks with a 400 L working volume, with supplemental aeration (dissolved oxygen > 5
mg/L), temperature of 28.0 £ 1.0 °C and heated water recirculation system. They were

fed twice a day with commercial diet for carnivorous fish (40% crude protein).

4.4. Experiment 1 - Coelioscopy

This experiment was conducted in July 2013 with 34 specimens of L. alexandri
with 36.3 = 3.1 cm and 697.8 + 205.0 g of length and weight, respectively.
Previous to the procedures, the fish were fasted for 24 hours. The fish were individually
placed in a tank for anesthesia with eugenol dissolved in the water at a dilution of 150
mg/L. During anesthesia induction and for animal identification, Partners & Quality
Technology microchips were inserted, lateral to the dorsal fin. The animals were placed
in dorsal decubitus on a padded surface on top of a supporting cast on a small water
tank with anaesthetic. A recirculated water system with anaesthetic (100 mg of
eugenol/L) was placed so the gills were constantly irrigated, providing oxygenation and
maintaining anesthesia. The system, through an aquarium pump, directs the solution to
the small reservoir to the gills being recovered (Figure 1a). To minimise irritation to the

skin, no topical antiseptic was used.
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Figure 1a. System directs the solution to the small reservoir to the gills being recovered

The equipment for coelioscopy consisted of a tower with a 14-inch Sony
monitor, a Karl Storz electronic insufflator, a Telecam DX microcamera, a xenon light
source with Karl Storz fibre optic cable, a CO2 cylinder, and a JVC digital camcorder
with cable to attach to the monitor. Video surgery equipment included a Veress needle
to inflate the abdominal cavity, a 3-mm trocater specially made for the procedure; a 2.7
mm diameter rigid endoscope with 0° viewing angle. A small incision (2 mm) in the
skin, craniocaudalis, was made between the pelvic fins of the fish, 1 cm cranial to the
urogenital pore, for insertion of the Veress needle and insufflation with CO2 (Figure
1b).The 3-mm trocater was inserted 2 cm cranially to the right pelvic fin (Figure 1c).
The endoscope was directed to the chip reader for recording the identification of the
animal and then inserted into the coelomic cavity, and after a brief general exam, the
gonads were viewed (Figure 1d). The viewed structures were classified as male or
female, and were recorded along with the number of the chip. The endoscope was then
removed, followed by withdrawal of the Veress needle, and lastly the trocater. Before
removing the trocater, a slight pressure was applied to the coelomic cavity, so that the
maximum amount of CO2 gas was expelled to return the fish to its normal density, thus
avoiding excess buoyancy. After removing the trocater, the incision was sutured in
standard single discontinuous with Nylon 3-0 (Shalom). Between each procedure, the

equipment was cleaned using surgical gauze soaked in 4% chlorhexidine.
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Figurelb. Veress needle insertion on the mid ventral line, 1 cm cranial

Figure 1c. Trocater insertion on the right ventrolateral region, 2 cm
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Figure 1d. Use of endoscopy for sexing Lophiosilurus alexandri by coelioscopy
SIS I et

For recovery from the procedure and anesthesia, the fish were placed in another
tank with aeration and heating. In order to recover from anesthesia, the fish was
manipulated and held against a flow of water to ensure ventilation, until they could
move forward (Chaves et al., 2015). They were then placed in the original tanks.

The times for the induction of anesthesia, the procedure (which includes surgery up to
the moment when the animals returned to the water), as well as recovery, when the
animals presented hydrostatic equilibrium, were recorded individually.

After release in the tanks, the animals were fed daily for 30 days with 2% of the
biomass divided into two meals at 8:00 am and 5:00 pm. We recorded when the animals

restarted eating as well as mortality.
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4.5. Experiment 2 - Coeliotomy

For this experiment, carried out in September 2014, 63 animals were used with
an average weight of 369.6 = 126.7 g and average length of 29.3 + 3.1 cm. The
procedures of fasting and anesthesia were the same as in experiment 1.

For the surgical procedures, routine instruments for coelomic cavity synthesis
and diaeresis were used. These include a disposable scalpel blade n° 10, a Mayo-Hegar
needle holder, and a toothless anatomical clamp. A 4 to 5 cm long "L" incision was
made in the ventral region of the animal to facilitate viewing the surgical field (Figure
2). A 2 to 3 cm incision was made along the middle line of the animal, for 2 to 3 cm,
and another 2 cm on the lower part of "L" to the right. When the coelomic cavity was
accessed, anatomical forceps were used to remove the internal organs, allowing direct
observation and classification of the gonads as testes or ovaries. After the observation,
the synthesis of the cavity using a 3-0 (Shalon®) nylon thread and a continuous simple

suture pattern in a single suture plan involving skin and muscles was done.

Figure 2. Incision for sexing by coeliotomy

Between each procedure, the surgical instruments were disinfected with
chlorhexidine 4%. After the procedure in this experiment, a prophylactic antibiotics
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therapy, consisting of sulphadoxine 70 mg/kg associated with trimethoprim-14 mg/kg
(Borgal®), was injected intramuscularly into the dorsal region of the animals.

The times for the induction of anesthesia, the procedure and recovery was
recorded as for Experiment 1. Additionally, similar procedures to the first experiment

were adopted for the recovery of post-surgery animals, feeding, and observations

4.6. Experiment 3 - Sexing by cannulation

For this experiment, the animals of experiment 2 were used, in order to avoid
killing other animals. After 30 days of observation, the 63 specimens of L. alexandri
used in experiment 2 were euthanized by immersion in a eugenol 285 mg/L solution
(396/2012 CETEA protocol) for sexing, using a urethral probe with 2 mm gauge. When
this probe is inserted in the urogenital orifice of adult animals, it is possible to confirm
three orifices in females (anus, urethra and oviduct) and two in males (anus and the
urogenital hole), as described by Lopes et al. (2013). This sexing procedure was
performed on euthanized animals, but this did not affect the results, which would
otherwise have been performed on anaesthetised animals. In addition, this type of
sexing is commonly used in fish farms, and it is known that it does not cause mortality.

After that, the microchip was read for animal identification.

4.7. Biometric index

After euthanasia, the animals used in experiment 1 and experiment 2-3 were
weighed and their length was measured. After the microchip identification, the
macroscopic confirmation of sex by the gonads was performed. In experiments 1 and 2-
3, the weight of gonads and visceral fat were registered. For the animals of experiment
1, the intestine length was also measured. With these data, we calculated: the GSI, from
the expression GSI = 100 (WG/W), where W is the total weight of the animal and WG
is the mass of the gonads; the viscerosomatic fat index (VFI) from the expression VFI =
100 (Wifv / W) where W represents the total weight of the animal and Wfv is the mass
of visceral fat, and the intestinal coefficient (IC) from IC ratio = intestine length/total

length of the animal.

4.8. Statistical analysis
In order to compare the effectiveness of sexing by the different methods,
accurate data were analysed using Fisher's test. Data referring to weight, length, GSI,
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viscerosomatic fat index, anesthesia time, procedure time, and recovery time were
compared by ANOVA. For the statistical analysis, the anesthesia induction time was

square-root transformed and recovery time was log10 transformed, prior to analysis.

4.9. Results

4.9.1. Experiment 1
Survival was 100% after 30 days from the procedure and the fish restarted eating
10 days after the procedure. Macroscopically, the gonads of pacama are paired and

fringed in males and paired and bag-shaped in females (Figure 3).

Figure 3. Interior view of the coelomic cavity of male (3a) and female (3b)

Table 1 shows the biometric and confirmation data of the coelioscopic
technique. The technique is more efficient to identify females (100%) than males. No
significant difference was observed for weight, length, anesthesia induction time,
recovery time, and intestinal coefficient between males and females. The procedure
time and the VFI were higher for males, whereas the GSI was higher in females.
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Table 1. Values for sexing accuracy, weight, length, anesthesia induction time, procedure time, recovery time, gonadosomatic index (GSI),
viscerosomatic fat index (VFI) and intestinal coefficient (IC) of Lophiosilurus alexandri submitted to sexing by coelioscopic technique

n Accurate Weight Length Induction Procedure time Recovery GSI IC VFI
Results ) (cm) time (seconds) time
(%) (seconds) (seconds)
Female 22 100 a 729.9+235.4a  36.5+3.6a 113.2+37.5a  282.9+218.3b  1155+484a 1.43+l.1a 12+02a 1.3+04b
Male 12 66.6 b  639.0£120.0a 36.0+2.3a 125.5+63.3 a 542.5+2245a 121.9+71.0a 0.1+0.1b 1.1+03a 1.7#0.6a
CcVv *0.4 29.1 8.8 40.8 58.8 53.6 107.2 23.5 35.0

Within a column, superscripts indicate significant differences between means (p < 0.05).

*Contingency coefficient
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4.9.2. Experiment 2

There was no mortality during the 30 days of observation after surgery. The
animals restarted eating 10 to 14 days after the procedure.

The coeliotomy sexing technique was efficient for sexing with a 96.3% accuracy
for males and 93.9% for females (Table 2). When the animals were killed for
macroscopic confirmation, two intersex individuals were found (Figure 4). No
significant differences between males and females were observed for anesthesia
induction time, surgical procedure time for viewing the gonads, and anesthesia recovery
time. The weight and length of females were greater than the males. Nevertheless, there
were no differences (p > 0.05) for the gonadossomatic and viscerosomatic fat indices.

Figure 4. Picture of Lophiosilurus alexandri intersexual gonad in anatomical position

4.9.3. Experiment 3

The urethral probe technique, despite being faster and less invasive, was less

efficient, with 67.8 and 81.8% accuracy for males and females, respectively.
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Table 2. Values for sexing accuracy, weight, length, anesthesia induction time, procedure time, recovery time), gonadosomatic index (GSlI),

viscerosomatic fat index (VFI), and intestinal coefficient (IC) of Lophiosilurus alexandri submitted to sexing by coeliotomy technique

N1 Accurate Weight Length Induction time  Procedure time  Recovery time GSI VFI
results (9) (cm) (seconds) (seconds) (seconds)
(%)
Male 28 96.3a 297.9+98.8 b 28.4+3.2 b 147.0£38.7a  470.7+131.4a 204.0+139.4a 0.1+0.1a 1.8+0.4a
Female 33 93.9a 420.2+120.7a 30.8+2.75a  139.6+44.9a  462.0+128.0a 226.2+1584a 0.3+0.1la 1.810.7a
CVv 0.08* 30.3 9.9 29.7 27.7 69.5 35.6 335

1 N total = 63 animals, of which 28 males, 33 females and two intersex individuals not considered for statistics

Sexing technique performed following the methodology described by Lopes et al. (2013) on euthanized animals with 285 mg/L eugenol.

*Contingency coefficient
Within a column, superscripts indicate significant differences between means (p < 0.05).
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4.10. Discussion

Studies related to L. alexandri reproduction are few and have been performed on
captured animals based on the reproduction of adult individuals (Santos et al. 2013;
Costa et al. 2015) Macroscopically, the pacama gonads are paired and fringed in males
and paired and bag-shaped in females, as described by Barros et al. (2007). To date, the
age and size of the first gonadal maturation of this species are not known.

The coeliotomy technique showed high efficiency for sexing, with 96.3%
accuracy for males and 93.9% for females. This result was similar to that obtained by
other authors for the use of endoscopy for Acipenser gueldenstaedtii (Hurvitz et al.,
2007), Salmonids (Swenson et al., 2007), and Huso huso (Falahatkar et al., 2011).
Despite being more invasive, coeliotomy does not require the use of sophisticated
devices and offers a clear and direct view of the tissue. An L-shaped incision allows for
a greater operating field compared to a straight incision of the same size, facilitating
visceral manipulation and allowing the removal of structures blocking the view of the
gonads, such as the intestine and intracoelomic fat.

Coelioscopy presented 100% confirmation for individuals identified as females,
while for those identified as males confirmation was 66.6%. Therefore, this technique
was less effective in males compared to coeliotomy in juvenile L. alexandri. This result
can be explained by the lower GSI in males, a great amount of intracoelomic fat, a long
and coiled intestine (despite the carnivorous feeding habits), and the flattened shape of
the body, which provides little space for intracoelomic handling of the endoscope.
These characteristics of the species made it difficult to visualise the male gonads. This
difficulty was reflected in the procedure time (540 seconds on average for males), which
was longer than the average for females (280 seconds). The magnification of the image
achieved by the endoscope lenses also increases the movement in the generated image.
It requires great care in handling the device because any abrupt movement causes
oscillation in the image thus affecting observation. There was no significant difference
between males and females for weight, length, and anesthesia induction time.

The urethral probe technique was less efficient than the coelioscopy and
celiotomy, with 67.8 and 81.8% accuracy for males and females, respectively. These
results are lower than what have been found for adult animals of the same species, from
the third year of life, with 100% correct identification (Lopes et al., 2013). This
suggests that it is still difficult to view the urogenital papilla in juveniles with
approximately 370 g and 30 cm of weight and length, respectively.
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Survival 30 days after the procedures was 100% for both surgical techniques
(coelioscopy and coeliotomy), equivalent to the results described for Huso huso
(Falahatkar et al., 2011) and higher than those for catfish, 6.2 % mortality (Chaves et
al., 2013), both using coelioscopy (endoscopy). This suggests that L. alexandri juveniles
are resistant to anesthesia and surgical procedures. This resistance is confirmed since
the time to restart eating was short. It was longer (14 days) for the coeliotomy
technique, compared to the coelioscopy technique (10 days). The difference can be
attributed to the more invasive nature of coeliotomy. The use of endoscopes allows
gonad observation through a much smaller incision (2 to 3 mm), while the coeliotomy
incision size (4 to 5 cm) causes more extensive tissue injury, requiring more time to
complete healing. Furthermore, smaller animals were used for coeliotomy, which
highlighted the difference of the incision size between the two techniques, in relation to
the body size of the animals.

For the surgical procedures, eugenol proved to be an effective anaesthetic. This
anaesthetic has been used successfully on L. alexandri juveniles smaller than the ones
used in this study with different size classes and doses ranging from 20 to 120 mg/L
(Ribeiro et al., 2013). Eugenol requires no "grace period”, which is the waiting time
after using the active ingredient before slaughtering the animal, in order to avoid the
presence of residues in the flesh. This product is not carcinogenic or mutagenic, it is
affordable, easily found on the market, has good efficiency at low dosages, besides
being safe for the handler and the environment (Munday and Wilson, 1997; Iversen et
al. 2003 ; Charoendat et al., 2009 ; Roubach et al., 2005). The anaesthetic procedures
were safe and efficient, keeping anesthesia and induction times within the recommended
range, which is: induction in 3 minutes or less, complete recovery in 10 minutes or less,
and no mortality after 15 minutes (Schoettger and Julin 1967; Gilderhus and Marking
1987; Small, 2003). No differences in the anesthesia and recovery times between sexes
were recorded.

The sex ratio in this study was 35.3% males and 64.7% females in experiment 1
and 45.9% males and 54.1% females in experiment 2. A predominance of females has
also been recorded in fish of this species in a natural environment, with the proportion
of 62.8% females and 37.2% males (Barros et al., 2007). In experiment 1, females and
males had similar weight and length, while in experiment 2, females were larger than

males. This difference indicates that size is not a reliable parameter for sexing pacama.
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In the literature, there are no data for this species relating to the size at first maturity.
However, females in reproductive stage are reported to be between three to five years
(Lopes et al., 2013). In another study with animals collected in nature, vitellogenic
oocytes were found in fish weighing 0.6 to 3.5 kg, and smaller females had a lower GSI
(Barros et al., 2007). Females of this species suitable for breeding and weighing 3.1 +
0.9 kg present a GSI ranging from 1.5 to 2.9 (Sato, 1999). In this study, experiment 1
was conducted with larger animals than those used in experiment 2, so animals used in
experiment 1 macroscopically presented more developed female gonads, with higher a
GSI than males. In experiment 2, on the other hand, there was no GSI difference
between males and females, suggesting little gonadal development in this weight range.
This reinforces the importance of the coeliotomy technique for early sexing.

The VFI in experiment 1 (larger animals) was lower in females with a higher
GSI, while in experiment 2, the VFI and GSI were the same for males and females. This
result may be related to the fact that visceral fat and hepatic reserves of individuals are
used during the gonadal development process, as observed in various fish species
(Chellappa et al., 1995; Huntingford et al., 2001; Lima-Junior et al., 2002; Gurgel et al.
2008; Silva et al. 2008).

After the animals were Kkilled for macroscopic confirmation, two intersex
individuals were found. This was the first report of intersex L. alexandri individuals.
The existence of intersex animals is normal in some fish species that present
hermaphroditism, while all fish in the Cyprinidae family undergo an intersex stage
before developing ovaries and, later, testes (Takahashi and Shimizu, 1983). However,
several authors have reported that estrogenic substances found in wastewater entering
rivers, either treated or untreated, cause intersexuality in fish (Purdom et al., 1994;
Jobling and Sumpter, 1993; Desbrow et al., 1998; Tyler and Routledge, 1998). In this
study, however, all animals were kept in the laboratory from birth, under the same
conditions, and they were kept in a water recirculation system. This rules out the
possibility that intersexuality occurred due to environmental contamination, and studies

are needed to clarify this sort of occurrence.

4.11. Conclusion
Coeliotomy and coelioscopy are recommended for sexing juvenile L. alexandri.
The coelioscopy technique, however, must be performed with great care to identify

males accurately and to minimise errors.
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5. CONSIDERACOES FINAIS

As técnicas de celiotomia e celioscopia sdo recomendadas para sexagem de
juvenis de L. alexandri, porém, a técnica de celioscopia deve ser realizada com maior
cuidado para acertar na identificacdo de machos e minimizar erros. A equipe deve ser
treinada para realizar os procedimentos cirdrgicos com elevada acuracia e no menor
tempo possivel. Os indices de acurécia se referem a concordancia entre a sexagem
cirurgica e a observacdo macroscépica da gbnada apds a dissecacao.

Os procedimentos cirdrgicos apresentados neste artigo podem ser aplicados para
outras finalidades além da sexagem como, por exemplo, para realizacdo de bidpsias em
diversos tecidos e observacdo macroscopica do estadio de desenvolvimento gonadal.

A descricdo de intersexualidade em pacama realizada neste estudo € inédita.
Entretanto, a causa deste tipo de ocorréncia, em condic¢des controladas, para esta espécie

permanece desconhecida, tornando-se necessarios novos estudos para elucidar.



