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RESUMO GERAL

O transporte € uma atividade importante em aquicultura, porém considerada uma das
mais estressantes para peixes. Ja 0s anestésicos sdo utilizados para reduzir as respostas
de estresse. Assim, o presente trabalho objetivou avaliar técnicas para melhorar o
transporte de juvenis de bijupird, bem como verificar a eficAcia de mentol, MS-222 e
eugenol como anestésicos para bijupird. As técnicas utilizadas para estudar o transporte
foram avaliacdo de diferentes densidades de estocagem (15, 24 e 33 g L™) com
utilizacdo de tampdo (1 g NaHCO; L™) para manutencdo do pH, combinacdo de
diferentes salinidades e temperaturas (S12-T19, S30-T19, S12-T23 e S30-T23) e
utilizacdo do anestésico mentol (0, 2,5 e 5,5 mg L™). Os anestésicos avaliados para
praticas de manejo foram o MS-222 (60, 80, 100 e 120 mg L™), o eugenol (20, 30, 40 e
50 mg L) e o mentol (35, 45 e 55 mg L™). Para os experimentos de transporte foram
utilizados bijupiras de =~ 30 g. No primeiro experimento de transporte, o tampdo
bicarbonato de sddio foi eficaz em manter o pH da &gua acima de 7 nas diferentes
densidades avaliadas, ocorrendo mortalidade (18,2 %) apenas na densidade 33 g L™
No segundo experimento de transporte, a combinacéo entre a salinidade 12 g L™ (ponto
isosmotico) com a temperatura 19 °C foi eficiente para o transporte (densidade: 27 g L
1), pois manteve alta a concentragdo de oxigénio e amenizou a resposta ao estresse. As
mortalidades ocorreram apenas para as combinacdes S30-T19 (1,2 %) e S30-T23 (7,4
%). As mortalidades ocorridas nos experimentos de transporte foram atribuidas
principalmente & hipoxia e a hipercapnia. O estudo do mentol no transporte utilizou as
técnicas dos experimentos anteriores (1 g NaHCO; L™ + S12-T19), apesar de ndo

ocorreram mortalidades (densidade: 26 g L™), o mentol nio foi eficaz em reduzir as



respostas de estresse. Em relacao a avaliacdo dos anestésicos, as concentracdes 100 mg
MS-222 L, 30 mg eugenol L™ e 55 mg mentol L™ foram as menores a induzir
anestesia em juvenis de bijupird (= 50 g), porém a mesma eficacia nédo se refletiu na
reducdo de respostas secundarias de estresse, apesar de apds 24 h da anestesia 0s peixes
ja terem retornado a suas condi¢cBes normais. Assim, o tamponamento do pH
juntamente com emprego de meio isosmotico e temperatura de ~ 19°C, sdo condicdes
recomendadas para transportar juvenis de bijupira (= 30 g) a uma densidade de até 27 g
L. As concentragdes 100 mg MS-222 L™, 30 mg eugenol L™ e 55 mg mentol L™
foram consideradas eficazes para induzir a anestesia em juvenis de bijupira (= 50 g). O

mentol ndo é recomendade pra o transporte de juvenis de bijupira.



ABSTRACT

Transport is an important activity for aquaculture, although being considered one of the
most stressing for fish. Anesthetics are used to reduce stress response. Therefore, this
study aimed to evaluate techniques to improve juvenile cobia transport, as well as verify
the effectiveness of menthol, MS-222, and eugenol as anesthetics for handling cobia.
Transport was studied at different stocking densities (15, 24, and 33 g L™) with a buffer
addition (1 g NaHCO; L™) to maintain pH, combination of different salinities and
temperatures (S12-T19, S30-T19, S12-T23, and S30-T23) and the use of the anesthetic
menthol (0, 2.5 and 5.5 mg L™). The anesthetics verified for handling practices were
MS-222 (60, 80, 100, and 120 mg L™), eugenol (20, 30, 40, and 50 mg L™*) and menthol
(35, 45 and 55 mg L™). Cobia weighing ~ 30 g was used for transport experiments. In
the first transport experiment, the buffer sodium bicarbonate was efficient in keeping
pH above 7 at the different stocking densities evaluated, with mortality (18.2 %) just at
33 g L. In the second transport experiment, the combination between salinity 12 g L™
(isosmotic point) with the temperature 19°C was efficient for the transport (density: 27
g L™, since it kept a higher oxygen concentration and minimized the stress response.
Mortalities occurred just at the combinations S30-T19 (1.2 %) and S30-T23 (7.4 %).
The mortalities from both experiments were attributed mainly due to hypoxia and
hypercapnia. In the third transport experiment, now with menthol addition, techniques
from the previous experiments were used (1 g NaHCO3; L™* + S12-T19) and no
mortalities were found (density: 26 g L™), nonetheless menthol was not effective to
reduce stress response. Related to the anesthetics evaluation, the concentrations 100 mg

MS-222 L, 30 mg eugenol L™ and 55 mg menthol L™ were the lowest to induce



anesthesia in juvenile cobia (= 50 g), however the same effectiveness was not reflected
in the reduction of secondary stress responses, although fish recovered to their normal
conditions after 24 h from anesthesia. Therefore, the pH buffering plus the use of
isosmotic medium and temperature of = 19°C, are conditions recommended for juvenile
cobia (= 30 g) transport in densities up to 27 g L™ . Besides that, the concentrations 100
mg MS-222 L™, 30 mg eugenol L™ and 55 mg menthol L™ were efficient to induce
anesthesia in juvenile cobia (= 50 g). Menthol is not recommended for juvenile cobia

transport.



INTRODUCAO GERAL

Bijupird Rachycentron canadum

O bijupird Rachycentron canadum (Linnaeus, 1766) (Figura 1) é o Unico
membro da familia Rachycentridae. E um peixe cosmopolita, pelagico e migratorio,
tendo sua ocorréncia em varias regibes ao redor do mundo, em areas tropicais,
subtropicais e em areas temperadas, em temperaturas que variam de 17 a 32°C (Figura

2). Né&o é encontrado apenas no Mar Mediterraneo e na costa leste do Oceano Pacifico

(Shaffer e Nakamura, 1989).




Figura 2. Distribuicdo do bijupird Rachycentron canadum (Adaptado de

www.fishbase.org por Marcelo Okamoto).

O bijupira é considerado uma importante espécie para a aquicultura devido a
varios fatores: rapido crescimento, podendo alcancar de 4 a 6 kg em um ano; elevada
sobrevivéncia na fase de juvenil e engorda; eficiéncia alimentar relativamente alta para
uma espécie carnivora, com taxas de conversdo proximas a 1,5:1; carne de excelente
qualidade; bom crescimento em salinidade de até 5 g L™*; desova natural em cativeiro e
protocolo de larvicultura ja estabelecido (Arnold et al., 2002; Resley et al., 2006; Holt et
al., 2007; Webb Jr. et al., 2007; Benetti et al., 2010;).

A estrutura de producdo mais utilizada para a producdo de bijupira é tanque-
rede. Os principais paises produtores sdao Taiwan, China, Vietnam e Panam4, os quais
produziram aproximadamente 40 mil toneladas em 2014 (Benetti et al., 2010; FAO,
2016).

O crescente aumento de sua producdo nessas regiGes atraiu a atencdo de
instituicOes de pesquisa e do setor privado brasileiro, sendo que a partir de 2008 o
Ministério da Pesca e Aquicultura (MPA - atualmente extinto) concedeu permissao para
a criacdo de bijupird em tanques-redes (Sampaio et al.,, 2011). Devido as suas
caracteristicas ambientais, com grande area apta para a producéo, o Brasil possui 6timas
condigcdes para a criacdo de bijupird, porém ainda enfrenta problemas, devido a
producéo instavel de juvenis, fornecimento de dietas adequadas, problemas relacionados
a sanidade e dificuldades no processo de licenciamento ambiental (Cavalli et al., 2011).

Domingues et al. (2014) avaliaram a viabilidade econdmica da produgédo de

bijupira em tanques-redes no litoral de Pernambuco, e concluiram que a atividade sé
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seria rentavel se a produtividade fosse maior ou igual a 10 kg m™ e se o valor de venda
fosse de pelo menos R$15,00 kg™

Em uma criacdo particular em tanques-redes instalados proximo a costa no
litoral do Rio de Janeiro, o peso médio final dos bijupiras ap6s um ano foi de 4,2 kg,
porém peixes com 6 kg também foram observados (Sampaio et al. 2011). Em igual
periodo, Benetti et al. (2010) observaram peso final de 4-6 kg para bijupiras em gaiolas
localizadas em Porto Rico e Bahamas.

Ha necessidade de um maior conhecimento em relacdo as respostas adaptativas
aos procedimentos rotineiros em aquicultura para o bijupira, pois eles ainda séo pouco
estudados. As respostas sobre suas reacoes fisiologicas a diversos fatores estressantes,
comuns ao manejo, sejam eles crénicos (exposicao a altas concentracdes de compostos
quimicos prejudiciais ao seu desenvolvimento) ou agudos (biometrias, transporte,
extrusdo de gametas) foram alvo de poucos estudos (Rodrigues et al., 2007; Cnaani e

McLean, 2009; Trusheski et al., 2010; Rodrigues et al., 2015).

Respostas ao estresse

Os peixes sdo expostos a praticas intrinsecas ao seu manejo rotineiro em
aquicultura (biometria, transporte, marcacao, extrusao de gametas, vacinacdo etc.), as
quais podem desencadear estresse no animal. O estresse € uma inevitavel consequéncia
atribuida a essas praticas, e 0 seu nivel acaba sendo um importante indicador do bem-
estar animal (Ruane et al., 1999; Wells e Pankhurst, 1999; Ellis et al., 2004). Apos o

animal passar pelo periodo de estresse ao qual foi submetido, sua homeostase é
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restabelecida através de um conjunto complexo de respostas adaptativas, a partir de
mudancas bioquimicas, fisiologicas e comportamentais (Iwama, 1998; Barton, 2002).

Dependendo da intensidade e da duracdo do estimulo estressor, o estresse pode
ser classificado como agudo ou crénico. No estresse agudo, a resposta adaptativa sera
resultado de uma exposicdo por um curto periodo ao estimulo, enquanto que o estresse
crénico é aquele proveniente de uma situacdo em que o individuo esteve sujeito a uma
condicdo desfavoravel por um periodo prolongado (Ortuno et al., 2001).

As respostas adaptativas de estresse da maioria dos peixes seguem um padrao,
sendo denominadas respostas primarias, secundarias e tercidrias. Muitas respostas
priméarias e secundarias podem ser acessadas através do sangue ou plasma sanguineo.
Como resposta primaria, ocorre ativacdo do sistema neuroenddcrino que resulta na
liberacdo das catecolaminas (adrenalina e noradrenalina) e dos corticosterdides
(cortisol). As catecolaminas sdo originarias de varias partes do corpo, mas
principalmente das células cromafins localizadas no rim anterior. Estas células séo
ativadas sob mediacdo de fibras colinérgicas pré-ganglionares de nervos simpaticos. As
principais fungdes das catecolaminas estdo ligadas ao aumento da freqliéncia
respiratdria e cardiaca, aumento da capacidade de transporte de oxigénio e aumento da
glicemia. As catecolaminas sdo liberadas imediatamente ap0s percepgdo do estimulo
estressor, enquanto que a liberacdo do cortisol ocorre de maneira tardia em relagéo as
catecolaminas (Wendelaar Bonga, 1997; George et al, 2013).

O cortisol € 0 hormonio corticosterdide mais importante liberado em situacéo de
estresse. E liberado pelas células interrenais também localizadas no rim anterior,
estimuladas pelo horménio adrenocorticotréfico, sob controle do eixo hipotalamico-

pituitario-interrenal. Branquias, intestino e figado sdo tecidos alvos para a acdo do
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cortisol, pois este atua principalmente na regulacdo do metabolismo energético e do
balango hidromineral (Barton e Iwama, 1991).

As respostas secundarias sdo efeitos diretos das primarias, e sdo principalmente
de origem metabdlica, hematoldgica e hidromineral. A hiperglicemia é uma resposta
metabolica, mediada por catecolaminas que liberam a glicose do figado por meio de
glicogendlise ou gliconeogénese, atuando como um substrato para a producdo de
energia. Em situacdes anaerobicas, o lactato é liberado como fonte energética para o
metabolismo celular (Olsen et al., 1995; Polakof et al., 2012). Como resposta
hematoldgica, peixes submetidos a um estressor tendem a apresentar um maior
percentual de hematdcrito devido a uma combinacdo de edema dos eritrocitos e
contracdes no baco, que libera eritrdcitos na corrente sanguinea, aumentando também a
concentracdo de hemoglobinas, numa tentativa de melhorar a capacidade de transporte
do oxigénio (Tort et al., 2002; Olsen et al., 2005).

Um dos fatores que afetam as alteracdes no balango hidromineral nos peixes é o
aumento no consumo de oxigénio (até duas vezes mais em situacGes de estresse), em
que o aumento da concentracdo de catecolaminas acaba por aumentar a permeabilidade
para 4gua e ions nas branquias, acarretando em um distdrbio i6nico, aumentando assim
a concentracdo dos ions sodio, cloreto, potassio e calcio, em meio hipertonico. O
cortisol também possui grande importancia para as trocas ionicas com o estimulo da
excrecdo dos ions sodio e cloreto, e em situagBes crbnicas, pode atuar induzindo a
apoptose de células branquiais (Barton e lwama, 1991; Wandelaar Bonga, 1997).

As respostas terciarias estdo relacionadas ao organismo como um todo e a

populacdo, com a inibicdo do crescimento, capacidade reprodutiva, resposta imune e
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menor capacidade de superar estressores, podendo até mesmo levar o organismo a
morte (Barton e lwama, 1991; Wandelaar Bonga, 1997).

Ha poucos estudos sobre o estresse em bijupira. As alteracbes dos niveis de
cortisol e glicemia em juvenis (300 g) seguiram padrdo semelhante ao apresentado por
outras espécies apds sofrerem a acdo de um estressor agudo (emersdo por 1 minuto),
atingindo picos de cortisol de 62 ng mL® e de glicemia de 195 mg dL™,
respectivamente, quando mantidos a 24,5°C (Cnaani e McLean, 2009). Trushenski et al.
(2010) avaliaram a resposta de estresse de juvenis de bijupird, expondo-os ao ar ou a
reduciio da coluna d’agua, e registraram valores de até 232 ng mL™ para cortisol, 184
mg dL™ para glicose, 439 mOsmol kg™ para osmolalidade e 8,6 mmol L™ para lactato
em juvenis de 50 g mantidos a 27,5°C. Os peixes do grupo controle obtiveram valores
de 15 ng mL™" para cortisol, 38 mg dL™ para glicose, 368 mOsmol kg’ para

osmolalidade e 0,5 mmol L™ para lactato.

Anestésicos

Os peixes sdo 0 segundo grupo de animais mais utilizados em experimentos
cientificos, perdendo apenas para 0 uso de ratos. Questdes legislatdrias e éticas que
envolvem a utilizacdo e o bem-estar dos peixes demoraram a ser reconhecidas, em
comparacdo aos outros vertebrados (Brown, 2015).

A nocicepgdo esta ligada a um sistema sensorial, via terminacfes nervosas, que
alertam o animal sobre um potencial risco, conectando o cérebro a areas que permitam
ao organismo reagir de forma protetora para evitar um possivel dano. Por ser uma

resposta imediata, apenas a presenca de nociceptores ndo confirma a teoria de que 0s
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peixes sintam dor e medo (Sneddon et al., 2014). Porém, o seu comportamento frente a
um desafio nocivo, demonstrando capacidade de memdria em longo prazo e percepcao
para antecipacao, nos permite inferir que de fato os peixes sdo capazes de experimentar
sensacOes homologas a dor e ao medo (Sneddon, 2003; Braithwaite e Boulcott, 2007;
Sneddon et al., 2014).

Rose et al. (2014) confrontaram este fato, afirmando que peixes ndo possuem a
capacidade de sentir dor como 0s humanos por ndo ter cogni¢cdo complexa, e que sua
resposta nociceptiva € limitada. No entanto, varios trabalhos (Sneddon, 2003; Chandroo
et al., 2005; Braithwaite e Boulcott, 2007) provam esta capacidade em peixes, e Brown
(2015) criticou o trabalho de Rose et al. (2002) por ser antropomorfico e
antropocéntrico, ndo levando em consideracdo os multiplos niveis de consciéncia. De
acordo com Sneddon et al. (2014), mais importante do que provar a capacidade de um
animal sentir medo, é trata-lo com respeito e garantir seu bem-estar. Assim, a utilizacéo
de anestésicos se torna importante para evitar possiveis injurias e estresse durante a
manipulacdo dos peixes, sendo imprescindivel o estudo sobre diferentes anestésicos
para diversas espécies, bem como suas implicagdes fisiologicas (Guénette et al., 2007).

Para isso, primeiramente, é importante diferenciar sedacdo de anestesia. Sedacdo
seria um estagio anterior a anestesia, onde em sedacdo profunda, ha baixa percepgédo
sensorial e reducdo da respiragdo, porém o0 peixe ainda ndo perdeu totalmente o
equilibrio e ainda responde a estimulos grosseiros. Em anestesia profunda, ha a perda
total do equilibrio e do tdnus muscular e o batimento opercular (ventilacdo) € quase
imperceptivel (Ross e Ross, 2008).

E dificil lidar com um peixe ndo anestesiado no manejo, e lesdes epiteliais

podem ocorrer durante a tentativa de contencdo. Assim, anestésicos sdo bastante
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utilizados em praticas de manejo em aquicultura, como biometrias, coletas de sangue,
cirurgia, marcacdo entre outras atividades (Trushenski et al., 2013). De acordo com
Marking e Meyer (1985), um anestésico ideal deve ter como caracteristicas: nao
apresentar toxicidade ao peixe ou a quem 0 maneje; o peixe deve ser anestesiado em até
3 minutos e ter sua recuperacdo completa em até 5 minutos; ndo deixar residuos apds
periodo de depuracgéo; além de ter custo acessivel.

A eficacia de um anestésico varia principalmente de acordo com fatores
bioldgicos e ambientais. Dentre os fatores bioldgicos, a eficacia pode ser diferente entre
espécies, tamanho/ peso, maturidade sexual, nivel de estresse, condicao corporal e saude
do animal. Temperatura, pH, salinidade e concentracdo de minerais sdo fatores
ambientais que interferem na atuacdo do anestésico (Ross e Ross, 2008).

Os anestésicos mais utilizados mundialmente sdo a tricaina metanosulfato (MS-
222), eugenol, benzocaina, 2-fenoxietanol e metomidato (Husen e Sharma, 2014). O
principal modo de acdo do MS-222 (H,NCgH4CO,C,Hs-CH3SO3H) é suprimindo o
sistema nervoso, onde a excitabilidade do nervo é restringida pelo bloqueio dos canais
de sédio. No corpo, o anestésico é metabolizado por acetilacdo e excretado pelas
branquias e rim (Burka et al., 1997; Carter et al., 2011). O MS-222 € o Unico anestésico
aprovado, pelo 6rgdo dos Estados Unidos que controla a indudstria alimenticia e
farmacéutica (Food and Drugs Administration — FDA) e por 6rgdo analogo no Canada
(Health Canada), para ser usado em peixes destinados ao consumo humano. Porém 0s
peixes s6 podem ser consumidos apds um periodo de 21 dias de depuracdo (Meinertz e
Schreier 2009; Trushenski et al., 2013).

O eugenol esta no topo da lista dos anestésicos candidatos a aprovacao perante a

FDA, ja com patrocinadores contratados e dispostos a realizar este feito. Apesar de
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ainda ndo ser aprovado, ja € considerado como um novo farmaco em fase de
investigacdo para animais (Investigational New Animal Drug — INAD) (Trushenski et
al., 2013). Para uso em humanos, ele é liberado pela FDA e amplamente utilizado em
medicina e odontologia (Cho e Heath, 2000). O anestésico eugenol (4-alil-2-
metoxifenol) é o principio ativo do 0leo de cravo, extraido das folhas, caules e flores de
arvores da espécie Syzygium aromaticum (Javahery et al., 2012). Ele atua bloqueando
receptores vaniloides que estdo ligados a transmissdo da dor. Ele ainda interage com
neurotransmissores envolvidos na percepcdo de dor, possuindo efeito agonista ao
GABA (acido gama-aminobutirico) e antagonista ao NMDA (N-metil D-aspartato).
GABA é um neurotransmissor inibitorio do sistema nervoso central. Ja 0 NMDA é um
receptor ativado pelo glutamato, maior neurotransmissor excitatério do cérebro. A
combinacdo do efeito positivo na atividade dos receptores GABA e do efeito negativo
para os receptores NMDA pode ser a principal responsavel pelo efeito anestésico do
eugenol (Yang et al., 2003; Guénette et al., 2007; Rao e Finkbeiner, 2007; Watt et al.,
2008).

Assim como o eugenol, o mentol (2-isopropyl-5-methyl-cyclohexanol) também
é um anestésico adquirido a partir de extrato vegetal. Ele é obtido de plantas do género
Mentha, e € um importante produto para industria farmacéutica e alimenticia (Eccles,
1994; Hoshiba et al., 2015). Também nédo é aprovado para uso em peixes, porém &
facilmente encontrado no mercado e a baixo preco (Facanha e Gomes, 2005). Atua de
duas principais maneiras: modulando positivamente o receptor GABA e blogueando os
canais de sodio voltagem dependentes (Watt et al., 2008; Kasai et al., 2014).

Gullian e Villanueva (2009) utilizaram os anestésicos MS-222 e eugenol para

anestesiar juvenis de bijupira com peso de 5 a 14 g, e as concentracdes ideais
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encontradas foram 60 mg MS-222 L™ e 20 mg eugenol L™, em uma temperatura de
23°C. Trushenski et al. (2012) utilizaram vérios métodos (150 mg MS-222 L™ 60 mg
eugenol L™*; 150 mg benzocaina L™; 750 mg CO, L™; eletrossedacdo pulsada: 100 V, 30
Hz, ciclo de 25% por 5 segundos) para anestesiar bijupiras de 300 g a 27°C, e todos

foram eficientes.

Transporte

O transporte € uma préatica inerente a aquicultura, sendo utilizado para diversos
fins, como por exemplo, levar os peixes do bercario aos locais de engorda, que muitas
vezes se encontram distantes. Além disso, outros exemplos sdo: transporte de peixes
selvagens para laboratorios, para comercializacdo (alimento/ ornamental), para praticas
recreativas, para aquarios e mesmo para pesquisa (Lim et al., 2003; Iversen et al., 2009;
Sampaio e Freire, 2016).

Ha dois tipos de sistema de transporte: o transporte aberto e o fechado. Uma das
principais caracteristicas do sistema aberto é o continuo fornecimento de oxigénio e/ou
ar pressurizado, permitindo a retirada do excesso de CO,. J& o sistema fechado utiliza
unidades de transporte lacradas com injecéo de oxigénio, como sacos de polietileno, por
exemplo (Berka, 1986). O transporte fechado é amplamente empregado por todo o
mundo, e no Brasil é o principal sistema utilizado, sendo considerado mais econémico
(Berka, 1986; Golombieski et al., 2003). Porém possui limitagdes, sendo a mais
importante delas a deterioracdo da qualidade da &gua (Amend et al., 1982; Berka, 1986).
Uma sequéncia de fatores leva a essa degradacdo: os peixes ja estdo estressados pelo

manejo pré-transporte e agora se encontram em um ambiente confinado; aumentam sua
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atividade respiratoria, o que diminui ainda mais a concentracdo limitada de oxigénio; o
consumo de oxigénio leva a um aumento do dioxido de carbono, acidificando a agua, o
que reduz o pH; a aménia excretada pode se tornar letalmente toxica (Paterson et al.,
2003).

As mudancas que ocorrem na qualidade da agua afetam as respostas fisiologicas
de estresse nos peixes. Além das altas concentracbes de CO, acidificarem a agua,
também acidificam o plasma sanguineo. Tanto o CO, como os jons H* podem se ligar &
hemoglobina, afetando sua afinidade com o oxigénio. O aumento na concentracdo de
jons H*, reduzindo o pH e diminuindo afinidade da hemoglobina pelo oxigénio é
caracterizado como efeito Bohr. Além do efeito Bohr, ha também o efeito Root, onde a
capacidade de transporte de oxigénio do sangue é drasticamente reduzida em sangue
com baixo pH, sendo o efeito necessario principalmente para preencher a bexiga
natatdria e fornecer oxigénio para a retina, que ndo possui capilares (Souza e Bolina-
Rodriguez, 2007). O aumento do hematocrito e da concentragdo de hemoglobinas séo
formas do organismo superar esta condicdo e aumentar o oxigénio sanguineo (Paterson
et al., 2003; Rummer e Brauner, 2011).

Outra forma de superar o aumento do CO, e a redugdo do pH sanguineo, é
através do balanco acido-base. As reacdes catalisadas pela enzima anidrase carbdnica
sdo representadas pela formula: CO; + H,O «» H™ + HCOs. Assim, 0 organismo é
favorecido para que o didxido de carbono (CO,) e o bicarbonato (HCO3') estejam
sempre em equilibrio (Claiborne e Heisler, 1986). O aumento do bicarbonato para a
manutencdo do pH esta ligado principalmente aos processos de troca entre os ions Na'*/
H* e CI'/ HCO3™ no eritrécito, sendo que o H* é excretado e o Na* absorvido, enquanto

que 0 HCO3' é excretado e o CI absorvido (Perry e Gilmour, 2006). Este balanco acido-
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base tem grande importancia ionorregulatoria: para peixes de agua doce, ajudard a
manter a osmolalidade plasmatica; ja peixes marinhos correm o risco de aumentar a
carga de Na' e CI" que eles normalmente ja enfrentam, alterando seu padrio
osmorregulatério (Claiborne et al., 2002).

Na tentativa de diminuir o estresse dos peixes no transporte e garantir sua
sobrevivéncia durante e depois do procedimento, algumas medidas podem ser tomadas,
tais como: determinar densidade de estocagem ideal; injecdo de oxigénio puro nos sacos
de transporte; utilizacdo de tamp@es para a manutencdo do pH; salinidade préxima ao
ponto isosmotico; reducdo da temperatura e utilizacdo de anestésicos (Lim et al., 2003;

Sampaio e Freire, 2016).

Densidade de estocagem

A quantidade de peixes a ser transportada por unidade de area ou volume
(densidade de transporte) vai depender principalmente da qualidade da &gua,
temperatura, tamanho do peixe e espécie e tempo de transporte (Ashley, 2007). Em
regra, quanto maior o periodo do transporte, menor deve ser a densidade de estocagem
(Berka, 1986; Harmon, 2009). Entretanto, quanto maior a densidade, menor o custo do
transporte, porém altas densidades podem prejudicar a saude do animal, e até mesmo
aumentar as taxas de mortalidade. Por isso densidades apropriadas devem ser avaliadas
para um transporte seguro e economicamente viavel (Sampaio e Freire, 2016).

Juvenis de matrinxa Brycon amazonicus (13 g) foram transportados por 4 h (25 —
27°C) em trés diferentes densidades (86, 125 e 166 g L™) e ndo houve mortalidades
(Urbinati et al., 2004). Ja juvenis de tambaqui Colossoma macropomum (52 @)

transportados por 10 h (28°C) nas densidades 78, 156, 234 e 312 g L™, apresentaram
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mortalidade acumulada (96 h apos transporte) de 32, 43 e 65% nas trés maiores
densidades, sendo a densidade de 78 g L™ considerada a ideal para o transporte da
espécie (Gomes et al., 2003). E notavel a necessidade de verificacdo da densidade de
estocagem ideal para cada espécie em suas diferentes fases de vida e diferentes
condicdes de transporte como temperatura, pH e salinidade

Colburn et al. (2008) transportaram juvenis de bijupira com peso de 1,5 — 3 g por
24 h, em diferentes densidades (5 — 25 g L™) e diferentes temperaturas (19 — 25°C),
onde ficou evidenciado que houve baixa mortalidade em densidades de até 20 g L™
Liao et al. (2004) observaram que um dos maiores problemas na producdo de bijupira
esta relacionada a alta mortalidade no transporte dos animais do bercario as gaiolas de
engorda, e neste mesmo estudo os autores afirmam que os juvenis devem atingir pelo

menos 30 g para serem transportados.

Tampdes de pH

Os tampdes podem ser adicionados durante o transporte para manter o pH da
agua estavel, ja que nesses procedimentos ocorre a sua acidificacdo devido ao aumento
do CO,. Os mais utilizados sdo bicarbonato de sédio, TRIS (hidroximetil metilamina) e
magnosferas (Treasurer, 2012).

O uso de bicarbonato de sédio (1 e 2 g L™) foi eficiente para manter os niveis de

pH durante o transporte (24 h/ 15°C) de Gadus morhua (12 g L™).

Salinidade
Pelo fato de a salinidade ser uma variavel controlavel e a osmorregulagéo ser um

processo que despende energia, o0 crescimento dos peixes pode ser maximizado pela
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selecdo de salinidades que diminuam o0s gastos energéticos com as trocas ibnicas
(Sampaio e Bianchini, 2002). Normalmente, os peixes possuem menor gasto energético
com osmorregulacdo quando estdo em ambientes com salinidade proximas ou
equivalentes ao ponto isosmotico do plasma (Gaumet et al., 1995; Imsland et al., 2001).
O ponto isosmatico do bijupira se encontra na salinidade de 11,2 g L™ (Burkey et al.,
2007).

O bijupird é considerado como sendo uma espécie oceanica, porém quando
juvenis, sdo comumente encontrados em areas proximas a costa e baias (Shaffer e
Nakamura, 1989). Por ser uma espécie eurialina, Resley et al. (2006) realizaram estudos
sobre crescimento e sobrevivéncia de juvenis de bijupira (7 g) nas salinidades 5, 15 e 30
g L™. A sobrevivéncia na salinidade 5 g L™ foi significativamente menor (68,9%) que
nas salinidades 15 (90%) e 30 (92,5%) g L™.

Em transporte de peixes de agua doce, é comum a adi¢do de cloreto de sodio
para aumentar a salinidade e diminuir o estresse devido ao menor gasto de energia
despendido para a osmorregulagdo. Para o transporte de espécies marinhas, estudos
também sugerem a diluicdo da agua salgada para que fique proxima ao ponto
ismosmético da espécie, com a mesma finalidade de diminuir o gasto energético
(Harmon, 2009; Sampaio e Freire, 2016).

Stieglitz et al. (2012) transportaram alevinos de bijupira (1,65 g) por 24 h (19°C)
em diferentes densidades (5, 10, 15 e 20 g L™) e diferentes salinidades (12 e 32 g L™).
Ficou evidenciado por esses autores que ndo houve mortalidade para a densidade 5 g L™
em ambas as salinidades. Para a densidade 15 g L™, a sobrevivéncia foi de 30% na
salinidade 32 g L™, enquanto que na salinidade 12 g L™ foi de 80%. Para a densidade de

20 g L™, a sobrevivéncia foi de 10% para a maior salinidade e de 65% para a menor.
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Temperatura

A temperatura afeta todos os aspectos fisioldgicos dos peixes por ter influéncia
nos processos que envolvem propriedades fisiologicas de moléculas e macromoléculas
bioldgicas. O aumento na temperatura tem como consequéncia diversos fatores, como o
aumento da toxicidade dos contaminantes dissolvidos, o desenvolvimento de patdgenos,
a diminuicdo da concentracdo de oxigénio dissolvido, aumento na temperatura corporal,
assim como na taxa metabdlica dos animais. Assim, a salde dos peixes em meios
intensivos de criacdo €, ou pode ser afetada pelas variacfes e extremos de temperatura.
Ja o resfriamento da agua diminui a temperatura do corpo, desacelera a resposta imune,
além de reduzir a alimentacdo, atividade e crescimento (Skjervold et al., 2001; Crockett
e Londraville, 2006; Falcon et al., 2007).

Para manter a qualidade da d4gua no transporte, a reducdo da temperatura da agua
€ uma técnica bastante utilizada com o objetivo de reduzir o metabolismo dos peixes,
que pode ser até triplicado nessas condi¢des. Porém é preciso ter cuidado durante o
resfriamento, pois quedas muito bruscas podem ser igualmente estressantes aos peixes
(Lim et al., 2003; Harmon, 2009).

Golombieski et al. (2003) transportaram alevinos (1 — 2,5 g) de jundia Rhamdia
quelen em sistema fechado testando quatro densidades (50, 67, 87 e 168 g L™), trés
temperaturas (15, 20 e 25°C) e trés periodos de transporte (6, 12 e 24 h). Houve
mortalidade apenas na maior densidade ap0s 24 h de transporte para as temperaturas 20
e 25°C. Os resultados mais notaveis estdo para as alteragcdes do oxigénio dissolvido e do
didxido de carbono na maior densidade. Enquanto que para 15°C foi observado 18 mg

0, L™, para 20 e 25°C observou-se 0,60 e 0,44 mg O, L™, respectivamente. Ja para
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CO,, observou-se uma concentracdo de 61 mg CO, L™ em 15°C, e 98 e 126 mg CO, Lt

para 20 e 25°C, respectivamente.

Anestésicos

O uso de anestésicos durante o transporte tem sido bastante empregado, com a
finalidade de reduzir o metabolismo dos peixes e assim reduzir as respostas de estresse
provenientes desta condicdo. Com a diminuicdo da taxa metabdlica, os peixes
consomem menos oxigénio, liberam menos CO,, excretam menos amonia e assim ha
uma menor deterioracdo da qualidade da agua (lversen et al., 2009; Sampaio e Freire,
2016).

Apesar de o anestésico ter a funcdo de minimizar as respostas fisiologicas,
muitas vezes ele mesmo pode causar o estresse (Velisek et al., 2011). Na Tabela 1
podemos ver a eficiéncia de alguns anestésicos utilizados em transporte e suas
concentracOes para diferentes espécies.

Azambuja et al. (2011) transportaram jundia (64 g) por diferentes periodos (5, 6
e 7 h — 22 °C) com o 6leo essencial de Lippia alba (10 mg L™), e constataram que a
adicao do anestésico foi eficiente em melhorar o estado oxidativo nos tecidos.

Juvenis de linguado Paralichthys orbignyanus (13 g) transportados por 7 h (22,5
°C) com oleos essenciais de Aloysia gratissima e Ocimum gratissimum apresentaram
diferentes respostas em relagdo aos anestésicos. Quando transportados com 90 e 130 mg
L™ de A. gratissima, ocorreram 8 e 100% de mortalidade, respectivamente. Ja para O.
gratissimum, a concentracdo de 10 mg L™ se mostrou eficiente em reduzir parametros

de estresse (Benovit et al., 2012).
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Para um transporte de juvenis de bijupira (30 g) por 8 h (22,5 °C) em uma
densidade de 10 g L™ com diferentes concentragdes de benzocaina (0, 2 e 6 mg L), ndo
houve mortalidade. Porém, apos o transporte, os peixes apresentaram o dobro dos niveis
de glicemia no tratamento com 6 mg benzocaina L™ quando comparado ao tratamento
sem o anestésico. Além disso, apenas 0s peixes transportados com 2 mg benzocaina L™
ndo recuperaram seus niveis de glicemia ap6s 48 h do transporte. Assim, 0s autores nao

recomendam o uso de benzocaina no transporte de bijupira (30 g) (Pedron et al., 2016).

Tabela 1: Eficiéncia de concentracfes de anestésicos utilizados em transporte de peixes.

Espécie Anestésico Eficacia Autores
Brycon amazonicus Benzocaina Nao Carneiro et al., 2002
Centropomus paralelus Mentol Né&o Sepulchro et al., 2016
Coreius guichenoti MS-222 30mgL* Zhao et al., 2014
Micropterus salmoides Oleo de cravo 5-9mg L™ Cooke et al., 2004
Oreochromis niloticus Mentol, Benzocaina e M: 75 mg Lt Navarro et al., 2016
Eugenol B:20mg L*
E:20mg L™
Oreochromis niloticus Oleo essencial de 20mg L™ Hohlenwerger et al., 2017
Lippia alba
Paralichthys orbignyanus Oleos essenciais de Ag: Néo Benovit et al., 2012
Aloysia gratissima e Og: 10 mg L*
Ocimum gratissimum
Pleuronectes americanus Lidocaina 5,10e20 mg Park et al., 2009
Lt
Rachycentron canadum Benzocaina Né&o Pedron et al., 2016
Rhamdia quelen Oleo essencial de 10mg L* Azambuja et al., 2011
Lippia alba
Rhamdia quelen Eugenol e extrato de E:25mgL™? Becker et al., 2013
Condalia buxifolia Ch:50mg L™
Rhamdia quelen Oleo essencial de 30-50 mg L? Parodi et al., 2014
Aloysia triphylla
Salmo salar L. Metomidato 1mg L? Sandodden et al., 2001
Salmo salar L. Aqui-S 5mgL? Iversen e Eliassen, 2009
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Assim, torna-se necessario estudar e compreender as respostas fisioldgicas de
estresse do bijupird em praticas comuns em aquicultura, como a utilizacdo de

anestésicos e técnicas de transporte, visando sua saude e bem-estar.

REFERENCIAS:

Amend, N.F., Croy, T.R., Goven, B.A., Johnson, K.A., Mccarthy, D.H., 1982.
Transportation of fish in closed systems: methods to control ammonia, carbon
dioxide, pH and bacterial growth. T. Am. Fish. Soc. 111, 603-611.

Arnold, C.R., Kaiser, J.B., Holt, G.J., 2002. Spawning of cobia Rachycentron canadum
in captivity. J. World Aquac. Soc. 33, 205-208. http://doi.org/10.1111/j.1749-
7345.2002.tb00496.x

Ashley, P., 2007. Fish welfare: Current issues in aquaculture. Appl. Anim. Behav. Sci.
104, 199-235. http://dx.doi.org/10.1016/j.applanim.2006.09.001

Azambuja, C.R., Mattiazzi, J., Riffel, A.P.K., Finamor, I.A., Garcia, L.O., Heldwein,
C.G., Heinzmann, B.M., Baldisserotto, B., Pavanato, M.A., Llesuy, S.F., 2011.
Effect of the essential oil of Lippia alba on oxidative stress parameters in silver
catfish (Rhamdia quelen) subjected to transport. Aquaculture. 319, 156-161.
http://doi.org/10.1016/j.aquaculture.2011.06.002

Barton, B.A., lwama, G.K., 1991. Physiological changes in fish from stress in
aquaculture with emphasis on the response and effects of corticosteroids. Annu.
Rev. Fish Dis. 10, 3-26.

Barton, B.A., 2002. Stress in Fishes: a diversity of responses with particular reference to
changes in circulating corticosteroids. Integr. Comp. Biol. 42, 517-525.

http://doi.org/10.1093/ich/42.3.517

26



Becker, A.G., Cunha, M.A., Garcia, L.O., Zeppenfeld, C.C., Parodi, T.V., Maldaner, G.,
Morel, A.F., Baldisserotto, B., 2013. Efficacy of eugenol and the methanolic extract
of Condalia buxifolia during the transport of the silver catfish Rhamdia quelen.
Neotrop. Ichthyol. 11, 675-681. http://doi.org/10.1590/S1679-62252013000300021

Benetti, D.D., O’Hanlon, B., Rivera, J.A., Welch, A.W., Maxey, C., Orhun, M.R., 2010.
Growth rates of cobia (Rachycentron canadum) cultured in open ocean submerged
cages in the Caribbean. Aquaculture. 302, 195-201.
http://doi.org/10.1016/j.aquaculture.2010.02.021

Benovit, S.C., Gressler, L.T., Silva, L.L., Garcia, L.O., Okamoto, M.H., Pedron, J.S.,
Sampaio, L.A., Rodrigues, R.V., Heinzmann, B.M., Baldisserotto, B., 2012.
Anesthesia and transport of Brazilian flounder, Paralichthys orbignyanus, with
essential oils of Aloysia gratissima and Ocimum gratissimum. J. World Aquac. Soc.
43, 896-900.

Berka, R., 1986. The transport of live fish. A review. EIFAC Technical Report, 48,
FAO, Rome (52 pp.).

Braithwaite, V.A, Boulcott, P., 2007. Pain perception, aversion and fear in fish. Dis.
Aguat. Organ. 75, 131-8. http://doi.org/10.3354/dao075131

Brown, C., 2015. Fish intelligence, sentience and ethics. Anim. Cogn. 18, 1-17.
http://doi.org/10.1007/s10071-014-0761-0

Burka, F., Hammel, K.L., Horsberg, T.E., Johnsons, G.R., Rainnie, D.J., Speares, D.J.
1997. Drugs in salmonid aquaculture. J. Vet. Pharmacol. Ther. 20, 333-349.

Burkey, K., Young, S.P., Smith, T.l.J., Tomasso, J.R., 2007. Low-salinity resistance of
juvenile cobias. N. Am. J. Aquacult. 69, 271-274. http://dx.doi.org/10.1577/A06-

033.1

27



Carneiro, C.P.F., Urbinati, E.C., Martins, M.L., 2002. Transport with different
benzocaine concentrations and its consequences on hematological parameters and
gill parasite population of matrinxd Brycon cephalus (Glnther , 1869). Acta Sci. 24,
555-560.

Carter, K.M., Woodley, C.M., Brown, R.S., 2011. A review of tricaine
methanesulfonate for anesthesia of fish. Rev. Fish Biol. Fisher. 21, 51-59.
http://doi.org/10.1007/s11160-010-9188-0.

Cavalli, R.O., Domingues, E.D.C., Hamilton, S., 2011. Desenvolvimento da producéo
de peixes em mar aberto no Brasil : possibilidades e desafios. Rev. Bras. Zootec.
40, 155-164.

Chandroo, K.P., Cooke, S.J., Mckinley R.S., Moccia, R.D., 2005. Use of
electromyogram telemetry to assess the behavioural and energetic responses of
rainbow trout, Oncorhynchus mykiss (Walbaum) to transportation stress. Aquac.
Res. 36, 1226-1238. http://doi.org/10.1111/j.1365-2109.2005.01347.x

Cho G.K., Heath D.D., 2000. Comparison of tricaine methanesulphonate (MS 222) and
clove oil anesthesia effects on the physiology of juvenile chinook salmon
Oncorhynchus  tshawytscha  (Walbaum). Aquac. Res. 31, 537-546.
http://doi.org/10.1046/j.1365-2109.2000.00478.x

Claiborne, J.B., Heisler, N., 1986. Acid-base regulation and ion transfers in the carp
(Cyprinus carpio): pH compensation during graded long- and short-term
environmental hypercapnia, and the effect of bicarbonate infusion. J. Exp. Biol.

126, 41-61. http://www.ncbi.nlm.nih.gov/pubmed/3027233

28



Claiborne, J.B., Edwards, S.L., Morrison-Shetlar, A.l., 2002. Acid-base regulation in
fishes: cellular and molecular mechanisms. J. Exp. Zool. 293, 302-319.
http://onlinelibrary.wiley.com/doi/10.1002/jez.10125/full

Cnaani, A., Mclean, E. 2009. Time-course response of cobia (Rachycentron canadum)
to acute stress. Agquaculture. 289, 140-142.
http://doi.org/10.1016/j.aquaculture.2008.12.016

Colburn, H.R., Walker, A.B., Berlinsky, D.L., Nardi, G., 2008. Factors affecting
survival of cobia, Rachycentron canadum, during simulated transport. J. World
Aquac. Soc. 39, 678-683. http://doi.org/10.1111/j.1749-7345.2008.00205.x

Cooke, S.J., Suski, C.D., Ostrand, K.G., Tufts, B.L., Wahl, D.H., 2004. Behavioral and
physiological assessment of low concentrations of clove oil anaesthetic for handling
and transporting largemouth bass (Micropterus salmoides). Aquaculture. 239, 509—
529. http://doi.org/10.1016/j.aquaculture.2004.06.028

Crockett, E.L., Londraville, R.L., 2006. Temperature. In: Evans, D. H, Claiborne, J. B.
The physiology of fishes, 3rd ed. Taylor and Francis, Boca Raton (624 pp.).

Domingues, E.C., Hamilton, S., Bezerra, T.R.Q., Cavalli, R.O., 2014. Viabilidade
econdmica da criagdo do beijupird em mar aberto em Pernambuco. Bol. Inst. Pesca.
40, 237-249.

Eccles, R., 1994. Menthol and related cooling compounds. J. Pharm. Pharmacol. 46,
618-630.

Ellis, T., James, J.D., Stewart, C., Scott, A.P., 2004. A non-invasive stress assay based
upon measurement of free cortisol released into the water by rainbow trout. J. Fish

Biol. 65, 1233-1252. http://doi.org/10.1111/j.1095-8649.2004.00499.x

29



Facanha, M.F., Gomes, L.D.C., 2005. A eficacia do mentol como anestésico para
tambaqui (Colossoma macropomum, Characiformes: Characidae). Acta Amaz. 35,
71-75. http://doi.org/10.1590/S0044-59672005000100011

Falcon, D.R., Barros, M.M., Pezzato, L.E., Sampaio, F.G., Hisano, H., 2007.
Physiological responses of nile tilapia, Oreochromis niloticus, fed vitamin c- and
lipid-supplemented diets and submitted to low-temperature stress. J. World Aquac.
Soc. 38, 287-295. http://doi.org/10.1111/].1749-7345.2007.00098.x

FAQO, 2016. Fishery and Aquaculture Statistics. Global capture production 1950-2014
(FishStatJ). In: FAO Fisheries and Aquaculture Department (online). Rome.
Disponivel em: http://www.fao.org/fishery/statistics/software/fishstatj/en. Acessado
em 17 de janeiro de 2017.

Gaumet, F., Boeuf, G., Severe, A., Le Roux, A., Mayer-Gostan, N.,1995. Effects of
salinity on the ionic balance and growth of juvenile turbot. J. Fish Biol. 47, 865—
876. http://doi.org/10.1111/j.1095-8649.1995.tb06008.x

George, N., Peter, V.S., Peter, M.C.S., 2013. Physiologic implications of inter-hormonal
interference in fish: Lessons from the interaction of adrenaline with cortisol and
thyroid hormones in climbing perch (Anabas testudineus Bloch). Gen. Comp.
Endocrinol. 181, 122-129. http://doi.org/10.1016/j.ygcen.2012.11.002

Golombieski, J., Silva, L.V.F., Baldisserotto, B., Silva, J.H.S., 2003. Transport of silver
catfish (Rhamdia quelen) fingerlings at different times, load densities, and
temperatures.  Aquaculture. 216, 95-102.  http://doi.org/10.1016/S0044-
8486(02)00256-9

Gomes, L.C., Roubach, R., Araujo-Lima, C.A. R. M., Chippari-Gomes, A.R., Lopes,

N.P., Urbinati, E.C., 2003. Effect of fish density during transportation on stress and

30



mortality of juvenile tambaqui Colossoma macropomum. J. World Aquac. Soc. 34,
76-84. http://doi.org/10.1111/j.1749-7345.2003.tb00041.x

Gomes, L.C., Chagas, E.C., Brinn, R.P., Roubach, R., Coppati, C.E., Baldisserotto, B.,
2006. Use of salt during transportation of air breathing pirarucu juveniles
(Arapaima gigas) in plastic bags. Aquaculture. 256, 521-528.
http://doi.org/10.1016/j.aquaculture.2006.02.004

Guénette, S.A., Uhland, F.C., Hélie, P., Beaudry, F., Vachon, P., 2007.
Pharmacokinetics of eugenol in rainbow trout (Oncorhynchus mykiss). Aquaculture.
266, 262-265. http://doi.org/10.1016/j.aquaculture.2007.02.046

Gullian, M., Villanueva, J., 2009., Efficacy of tricaine methanesulphonate and clove oil
as anaesthetics for juvenile cobia Rachycentron canadum. Aquac. Res. 40, 852-
860. http://doi.wiley.com/10.1111/j.1365-2109.2009.02180.x

Harmon, T.S., 2009. Methods for reducing stressors and maintaining water quality
associated with live fish transport in tanks: a review of the basics. Rev. Aquacult. 1,
58-66. http://doi.org/10.1111/j.1753-5131.2008.01003.X

Hohlenwerger, J.C., Baldisserotto, B., H., Couto, R.B., Heinzmann, B.M., Silva, D.T.,
Caron, B.O., Schmidt, D., Copatti, C.E., 2017. Essential oil of Lippia alba in the
transport of Nile tilapia. Cienc Rural.  47. http://dx.doi.org/10.1590/0103-
8478cr20160040

Holt, G.J., Faulk, C.K., Schwarz, M.H., 2007. A review of the larviculture of cobia
Rachycentron canadum, a warm water marine fish. Aquaculture. 268, 181-187.

http://doi.org/10.1016/j.aquaculture.2007.04.039

31



Hoshiba, M.A., Dias, R.M.S., Moreira, K.M.F., Cunha, L., Geraldo, A.M.R.,
Tamajusuku, A.S.K., 2015. Clove oil and menthol as anesthetic for platy. Bol. Inst.
Pesca. 41, 737-742.

Husen, A., Sharma, S., 2014. Efficacy of anesthetics for reducing stress in fish during
aquaculture practices- a review. J. Sci. Eng. Technol. 10, 104-123.

Imsland, A.K., Foss, A., Gunnarsson, S., Berntssen, M.H.G., FitzGerald, R., Wendelaar
Bonga, S.W., Ham, E., Naevdal, G., Stefansson, S.O., 2001. The interaction of
temperature and salinity on growth and food conversion in juvenile turbot
(Scophthalmus maximus). Aguaculture. 198, 353-367.
http://doi.org/10.1016/S0044-8486(01)00507-5

Iversen, M., Eliassen, R.A., Finstad B., 2009. Potential benefit of clove oil sedation on
animal welfare during salmon smolt, Salmo salar L. transport and transfer to sea.
Aquac. Res. 40, 233-241.

Iversen, M., Eliassen, R.A., 2009. The effect of AQUI-S® sedation on primary,
secondary, and tertiary stress responses during salmon smolt, Salmo salar L.,
transport and transfer to sea. J. World Aquac. Soc. 40, 216-225.
http://doi.org/10.1111/j.1749-7345.2009.00244.x

Iwama, G. K., 1998. Stress in fish. Ann. N. Y. Acad. Sci. 851, 304-310.
http://doi.org/10.1111/j.1749-6632.1998.tb09005.x

Kasai, M., Hososhima, S., Yun-Fei, L., 2014. Menthol Induces Surgical Anesthesia and
Rapid Movement  in Fishes. Open Neurosci.  J. 8§, 1-8.

http://doi.org/10.2174/1874082001408010001

32



Javahery, S., Nekoubin, H., Moradlu, A.H., 2012. Effect of anaesthesia with clove oil in
fish (review). Fish Physiol. Biochem. 38, 1545-1552.
http://doi.org/10.1007/s10695-012-9682-5

Liao, I.C., Huang, T.S., Tsai, W.S., Hsueh, C.M., Chang, S.L., Leano, E.M., 2004.
Cobia culture in Taiwan: current status and problems. Aquaculture. 237, 155-165.
http://doi.org/10.1016/j.aquaculture.2004.03.007

Lim, L.C., Dhert, P., Sorgeloos, P., 2003. Recent developments and improvements in
ornamental fish packaging systems for air transport. Aquac. Res. 34, 923-935.
http://doi.org/10.1046/j.1365-2109.2003.00946.x

Marking, L.L., Meyer, F.P., 1985. Are better fish anesthetics needed in fisheries?
Fisheries. 10, 2-5. http://dx.doi.org/10.1577/1548-
8446(1985)010<0002:ABANIF>2.0.CO;2

Meinertz, J.R., Schreier, T.M., 2009. Depletion of isoeugenol residues from the fillet
tissue of AQUI-S ™ exposed rainbow trout (Oncorhynchus mykiss). Aquaculture.
296, 200-206. http://doi.org/10.1016/j.aquaculture.2009.08.022

Navarro, R.D., Fran¢a, R.P., Paludo, G.R., Bizarro, Y.W.S., Silva, R.F., Navarro,
F.K.S.P., 2016. Physiological and hematological responses of Nile tilapia
(Oreochromis niloticus) to different anesthetics during simulated transport
conditions. Acta Sci. 38, 301-306.
http://doi.org/10.4025/actascitechnol.v38i3.28377

Olsen, Y.A., Einarsdottir, I.E., Nilssen, K.J., 1995. Metomidate anaesthesia in Atlantic
salmon, Salmo salar, prevents plasma cortisol increase during stress. Aquaculture.

134, 155-168. http://doi.org/10.1016/0044-8486(95)00008-P

33



Olsen, E.R., Sundell, K., Mayhew, T.M., Myklebust, R.,Ringg, E. 2005. Acute stress
alters intestinal function of rainbow trout, Oncorhynchus mykiss (Walbaum).
Aquaculture. 250, 480-495. http://doi.org/10.1016/j.aquaculture.2005.03.014

Ortufio, J., Esteban, M.A, Meseguer, J., 2001. Effects of short-term crowding stress on
the gilthead seabream (Sparus aurata L) innate immune response. Fish Shellfish
Immunol. 11, 187-97. http://doi.org/10.1006/fsim.2000.0304

Park, I.S., Park, M.O., Hur, JW., Kim, D.S., Chang, Y.J., Kim, Y.J., Park, J.Y.,
Johnson, S.C., 2009. Anesthetic effects of lidocaine-hydrochloride on water
parameters in simulated transport experiment of juvenile winter flounder,
Pleuronectes americanus. Aquaculture. 294, 76-79.
http://doi.org/10.1016/j.aquaculture.2009.05.011

Parodi, T.V., Cunha, M.A., Becker, A.G., Zeppenfeld, C.C., Martins, D.I., Koakoski,
G., Barcellos, L.G., Heinzman, B.M., Baldisserotto, B., 2014. Anesthetic activity of
the essential oil of Aloysia triphylla and effectiveness in reducing stress during
transport of albino and gray strains of silver catfish, Rhamdia quelen. Fish Physiol.
Biochem. 40, 323-334. http://doi.org/10.1007/s10695-013-9845-z

Paterson, B.D., Rimmer, M.A., Meikle, G. M., Semmens, G.L., 2003. Physiological
responses of the Asian sea bass, Lates calcarifer to water quality deterioration
during simulated live transport: acidosis, red-cell swelling, and levels of ions and
ammonia in the plasma. Aquaculture. 218, 717—728. http://doi.org/10.1016/S0044-
8486(02)00564-1

Pedron, J.S., Miron, D.S., Rodrigues, R.V., Okamoto, M.H., Tesser, M.B., Sampaio,

L.A., 2016. Stress response in transport of juvenile cobia Rachycentron canadum

34



using the anesthetic benzocaine. Lat. Am. J. Aquat. Res. 44, 638-642.
http://doi.org/10.3856/vol44-issue3-fulltext-22

Perry, S.F., Gilmour, K.M., 2006. Acid-base balance and CO, excretion in fish:
Unanswered questions and emerging models. Resp. Physiol. Neurobiol. 154, 199-
215. http://doi.org/10.1016/j.resp.2006.04.010

Polakof, S., Panserat, S., Soengas, J.L., Moon, T.W., 2012. Glucose metabolism in fish:
A review. J. Comp. Physiol. B 182, 1015-1045. http://doi.org/10.1007/s00360-012-
0658-7

Rao, V. R., Finkbeiner, S., 2007. NMDA and AMPA receptors: old channels, new
tricks. Trends Neurosci. 30, 284-91. http://doi.org/10.1016/j.tins.2007.03.012

Resley, M., Webb Jr., K.A., Holt, G.J., 2006. Growth and survival of juvenile cobia,
Rachycentron canadum, at different salinities in a recirculating aquaculture system.
Aquaculture. 253, 398-407. http://doi.org/10.1016/j.aquaculture.2005.08.023

Rodrigues, R.V., Schwarz, M.H., Delbos B.C., Sampaio, L.A., 2007. Acute toxicity and
subletal effects of ammonia and nitrite for juvenile cobia Rachycentron canadum.
Aquaculture. 271, 553-557. http://doi.org/10.1016/j.aquaculture.2007.06.009

Rodrigues R.V., Pedron J.S., Romano L.A., Tesser M.B., Sampaio L.A., 2015. Acute
responses of juvenile cobia Rachycentron canadum (Linnaeus 1766) to acid stress.
Aquac. Res. 46, 2241-2247. http://doi.org/10.1111/are.12282

Rose, J.D., 2002. The neurobehavioral of fishes and the question of awareness and pain.
Rev. Fish. Sci. 10, 1-38. http://dx.doi.org/10.1080/20026491051668

Rose, J.D., Arlinghaus, R., Cooke, S.J., Diggles, B.K., Sawynok, W., Stevens, E.D.,
Wynne, C.D.L., 2014. Can fish really feel pain? Fish Fish. 15, 97-133.

http://doi.org/10.1111/faf.12010

35



Ross, L.G., Ross, B., 2008. Anaesthetic and sedative techniques for aquatic animals. 3rd
edn.. Blackwell Science, Oxford, U.K (222 pp.).

Ruane, N.M., Wendelaar Bonga, S.E., Balm, P.H.M., 1999. Differences between
rainbow trout and brown trout in the regulation of the pituitary—interrenal axis and
physiological performance during confinement. Gen. Comp. Endocrinol. 115, 210-
219. http://doi.org/http://dx.doi.org/10.1006/gcen.1999.7292

Rummer, J.L., Brauner, C.J., 2011. Plasma-accessible carbonic anhydrase at the tissue
of a teleost fish may greatly enhance oxygen delivery: in vitro evidence in rainbow
trout, Oncorhynchus mykiss. J. Exp. Biol. 214, 2319-28.
http://doi.org/10.1242/jeb.054049

Sandodden, R., Finstad, B., Iversen, M., 2001. Transport stress in atlantic salmon
(Salmo salar L.): anaesthesia and recovery. Aguac. Res. 32, 87-90.
http://onlinelibrary.wiley.com/doi/10.1046/].1365-2109.2001.00533.x/abstract

Sampaio, L.A., Bianchini, A., 2002. Salinity effects on osmoregulation and growth of
the euryhaline flounder Paralichthys orbignyanus. J. Exp. Mar. Biol. Ecol. 269,
187-196. http://doi.org/10.1016/S0022-0981(01)00395-1

Sampaio, L.A., Moreira, C.B., Miranda-Filho, K.C., Rombenso, A.N., 2011. Culture of
cobia Rachycentron canadum (L) in near-shore cages off the Brazilian coast.
Aquac. Res. 42, 832-834. http://doi.org/10.1111/j.1365-2109.2010.02770.X

Sampaio, F.D.F., Freire, C.A., 2016. An overview of stress physiology of fish transport:
Changes in water quality as a function of transport duration. Fish Fish. 17, 1055—
1072. http://doi.org/10.1111/faf.12158

Sepulchro, L.C.O.R., Carvalho, M.A.G., Gomes, L.C., 2016. Salinity does not alter the

effectiveness of menthol as an anesthetic and sedative during the handling and

36



transport of juvenile fat snook (Centropomus parallelus). Braz. J. Biol. 76, 1-7.
http://dx.doi.org/10.1590/1519-6984.04115

Shaffer, R.V., Nakamura, E.L., 1989. Synopsis of biological data on the cobia
Rachycentron canadum (Pisces: Rachycentridae). FAO Fisheries Synopsis 153:
NOAA Technical Report NMFS. 82, pp. 1 - 21.

Skjervold, P., Fjaera, S.V., Ostby, P.B., Einen, O., 2001. Live-chilling and crowding
stress before slaughter of Atlantic salmon (Salmo salar). Aquaculture. 192, 265-
280. http://dx.doi.org/10.1016/S0044-8486(00)00447-6

Sneddon, L.U., 2003. The evidence for pain in fish: the use of morphine as an analgesic.
Appl.  Anim. Behav. Sci. 83, 153-162. http://doi.org/10.1016/S0168-
1591(03)00113-8

Sneddon, L.U., Elwood, R.W., Adamo, S.A., Leach, M.C., 2014. Defining and
assessing animal pain. Anim. Behav. 97, 201-212.
http://doi.org/10.1016/j.anbehav.2014.09.007

Souza, P.C., Bonilla-Rodriguez, G.O., 2007. Fish hemoglobins. Braz. J Med. Biol. Res.
40, 769-778.

Stieglitz, J.D., Benetti, D.D., Serafy, J.E., 2012. Optimizing transport of live juvenile

cobia (Rachycentron canadum): Effects of salinity and shipping biomass.
Aguaculture. 364-365, 293-297. http://doi.org/10.1016/j.aquaculture.2012.08.038

Treasurer, J.W., 2010. Remediation of ammonia accumulation during live transport of
juvenile cod, Gadus morhua L., and the effects of fast period on ammonia levels
and water quality. Aquaculture. 308, 190-195.
http://doi.org/10.1016/j.aquaculture.2010.08.013

Treasurer, J.W., 2012. Changes in pH during transport of juvenile cod Gadus morhua L.
and stabilisation using buffering agents. Aquaculture. 330-333, 92-99.

http://doi.org/10.1016/j.aquaculture.2011.12.021
37



Tort, L., Puigcerver, M., Crespo, S., Padrés, F., 2002. Cortisol and haematological
response in sea bream and trout subjected to the anesthetics clove oil and 2-
phenoxyethanol. Agquac. Res. 33, 907-910.
http://onlinelibrary.wiley.com/doi/10.1046/].1365-2109.2002.00741.x/abstract

Trushenski, J., Schwarz, M., Takeuchi, R., Delbos, B., Sampaio, L.A., 2010.
Physiological responses of cobia Rachycentron canadum following exposure to low
water and air exposure stress challenges. Aquaculture. 307, 173-177.
http://doi.org/10.1016/j.aquaculture.2010.07.015

Trushenski, J., Bowzer, J.C., Bowker, J.D., Schwarz, M., 2012. Chemical and electrical
approaches to sedation of cobia: induction, recovery, and physiological responses.
Mar. Coast. Fish. 4, 639-650. http://doi.org/10.1080/19425120.2012.728182

Trushenski, J.T., Bowker, J.D., Cooke, S.J., Erdahl, D., Bell, T., MacMillan, J.R.,
Yanong, R.P., Hill, J.E., Fabrizio, M.C., Garvey, J.E., Sharon, S., 2013. Issues
Regarding the Use of Sedatives in Fisheries and the Need for Immediate-Release
Options. T. Am. Fish. Soc. 142, 156-170.
http://doi.org/10.1080/00028487.2012.732651

Urbinati, E.C., Abreu, J.S., Camargo, A.C.S., Parra, M.A.L., 2004. Loading and
transport stress of juvenile matrinxa (Brycon cephalus, Characidae) at various
densities. Aquaculture. 229, 389-400. http://doi.org/10.1016/S0044-
8486(03)00350-8

Urbinati, E.C., Carneiro, P.C.F., 2006. Sodium chloride added to transport water and
physiological responses of Matrinxd Brycon amazonicus (Teleost: Characidae).

Acta Amaz. 36, 569-572. http://doi.org/10.1590/S0044-59672006000400020

38



Velisek, J., Stara, A., Li, Z.H., Silovska, S., Turek, J., 2011. Comparison of the effects
of four anaesthetics on blood biochemical profiles and oxidative stress biomarkers
in rainbow trout. Aquaculture. 310, 369-375.
http://doi.org/10.1016/j.aquaculture.2010.11.010

Watt, E.E., Betts, B.A., Kotey, F.O., Humbert, D.J., Griffith, T.N., Kelly, EW.,
Veneskey, K.C., Gill, N., Rowan, K.C., Jenkins, A., Hall, A.C., 2008. Menthol
shares general anesthetic activity and sites of action on the GABAA receptor with
the intravenous agent, propofol. Eur. J. Pharmacol. 590, 120-126.
http://doi.org/10.1016/j.ejphar.2008.06.003

Webb Jr., K.A., Hitzfelder, G.M., Faulk, C.K., Holt, G.J., 2007. Growth of juvenile
cobia, Rachycentron canadum, at three different densities in a recirculating
aquaculture system. Aguaculture. 264, 223-2217.
http://doi.org/10.1016/j.aquaculture.2006.12.029

Wells, R.M.G., Pankhurst, N.W., 1999. Evaluation of simple instruments for the
measurement of blood glucose and lactate, and plasma protein as stress indicators
in fish. J. World Aguac. Soc. 30, 276-284.
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1999.tb00876.x/abstract

Wendelaar Bonga, S.E., 1997. The stress response in fish. Physiological Reviews. 77,
591-625. https://www.ncbi.nlm.nih.gov/pubmed/9234959

Yang, B.H., Piao, Z.G., Kim, Y.-B., Lee, C.-H., Lee, J.K,, Park, K., Kim, J.S., Oh, S.B.,
2003. Activation of vanilloid receptor 1 (VR1) by eugenol. J. Dent. Res. 82, 781—
785. http://doi.org/10.1177/154405910308201004

Zhao, J., Zhu, Y., He, Y., Chen, J., Feng, X, Li, X., Xiong., B., Yang, D., 2014. Effects

of temperature reduction and MS-222 on water quality and blood biochemistry in

39



simulated transport experiment of largemouth bronze gudgeon, Coreius guichenoti.

J. World Aquac. Soc. 45, 493-507. http://doi.org/10.1111/jwas.12147

40



HIPOTESES

- O transporte é um fator estressor para juvenis de bijupira. O uso de anestésicos e
0 manejo de temperatura e salinidade podem minimizar as respostas de estresse.
- Os anestésicos, apesar de permitirem 0 manuseio dos peixes, podem ser um

agente estressor para juvenis de bijupira.
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OBJETIVOS

Obijetivo geral

Estabelecer concentracdes ideais de anestésicos e melhores condicBes de

transporte para juvenis de bijupira R. canadum.

Ojetivos especificos

- Determinar a densidade de estocagem ideal para o transporte de bijupira.

- Verificar a temperatura e a salinidade adequada para o transporte de juvenis de
bijupira.

- Determinar a concentracdo ideal do anestésico mentol, bem como sua utilizacdo
no transporte de juvenis de bijupira.

- Determinar a concentracdo ideal dos anestésicos MS-222 e eugenol para juvenis

de bijupira.
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Transport of juvenile cobia Rachycentron canadum (Linnaeus 1766) at different

stocking densities
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Abstract

This experiment aimed to determine the appropriate stocking density for transport of
juvenile cobia studying their survival and blood stress response. Fish (29.4 g) were
placed in 60 L polyethylene bags (10 L of seawater, 20 L of oxygen and 1 g NaHCO3 L
1) at three different densities (15, 24, and 33 g L™). Then they were transported by truck
(8 h) in styrofoam boxes (21.5°C). Before transport, nine fish were sampled for blood
collection as Control group. Blood samples were also taken right after transport (0 h), 2
and 24 h after for determination of glucose, osmolality, hematocrit, hemoglobin, lactate,
pO,, pH, pCO, and HCO3". Mortality was 18.2% for cobia transported at the highest
density, but no mortalities were observed up to 24 g L™ Water quality was
compromised at the highest stocking densities, hypercapnia and hypoxia were observed
at 24 and 33 g L™, while pH was lower (7.08) at the highest density. Regarding blood
composition, hyperglycemia was observed for densities 24 and 33 g L at 0 and 2 h
after transport. At the highest density, hyperlactatemia and low hemoglobin
concentration were observed 2 h after transport. Even with an increase in blood pCO,
levels, cobia were able to cope and keep pH, releasing HCO3". According to the results
shown in this study, it is recommended to buffer the water used to transport juvenile
cobia (30 g) in a closed system (1 g NaHCO; L™), thus increasing the safe stocking

density to 24 g L™.

Running title: Transport of cobia using a pH buffer.

Keywords: Rachycentridae, fish transport, sodium bicarbonate, blood parameters.
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Introduction

Fish are subjected to many stressful procedures in aquaculture, including live
transport. Transport is considered a multiphase operation and the optimization of a
stocking density for a determined period is crucial to reduce stress response and
mortality, during and after transport (Pakhira, Nagesh, Abraham, Dash & Behera 2015).
The fish stress can be accessed by biochemical and hematological analyses (Svobodova,
Maéchov4, Drastichova, Groch, Luskova, Poleszczuk, Velisek & Kroupova 1999).

The maintenance of good water quality during transport of live fish in closed
system is essential to reduce stress related responses, as water quality deprivation could
compromise fish health and welfare (Harmon 2009; Stuart, Losordo, Olin &
Drawbridge 2015). The main problems during transport are the build up of ammonia
and carbon dioxide and the decrease in oxygen and pH levels (Amend, Croy, Goven,
Johnson & McCarthy 1982; Treasurer 2010). Buffers can be added to the water in order
to keep appropriate pH levels, among them sodium bicarbonate, tris (hydroxymethyl)
methylamine, and magnaspheres (Treasurer 2012). Sodium bicarbonate was effective to
maintain pH levels during transport of juvenile cod Gadus morhua L. (Treasurer 2010)
and it is easily found in the market at a relatively low cost.

Liao, Huang, Tsai, Hsueh, Chang & Leano (2004) recommended that cobia
Rachycentron canadum (Linnaeus) should weigh at least 30 g prior to be stocked in
cages, the main production system for this species around the world. Pedron, Miron,
Rodrigues, Okamoto, Tesser & Sampaio (2016) evaluated the role of an anesthetic,
benzocaine, on the transport of ~ 30 g cobia in a closed system, stocking density was 10

g L™, and no buffers were added. Despite a reduction in pH, no mortalities were
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observed after 8 h. Cobia (30 g) transported at three different densities (10, 20, and 30 g
L) for 8 h without buffering showed mortality (= 40 %) at the highest density (Pedron
2013). Therefore, the aim of this study was to evaluate the effects of different stocking

densities on the stress responses of juvenile cobia (= 30 g) transported in plastic bags.

Materials and Methods

Animals

Fish were acquired from a commercial hatchery and raised at 26.5°C and salinity
30 g L™ in a recirculating aquaculture system (RAS) at a density of 3 g L™. Feed was
supplied for juvenile cobia twice daily with a commercial diet (57% crude protein;
14.5% lipid - NRD, INVE, Grantsville, UT, USA). Experiments were approved by
Ethical and Animal Welfare Committee of the Federal University of Rio Grande —

FURG (Certificate number 020/2014).

Transport

Fish (29.4+5.6 g, 18.3£1.2 cm) were fasted 24 h before transport. Temperature
in the RAS was reduced to 21.5°C within the last 3 h (1.6°C per hour), before fish were
packed. Three stocking densities were tested: 15, 24, and 33 g L™, all in triplicate. A
total of 216 fish were placed in 60 L polyethylene bags filled with 10 L of salt water (30
g L™, 20 L of oxygen and 1 g L™ of pH buffer sodium bicarbonate NaHCO3. Beyond
that, three extra bags without fish were packed for water quality analysis. The bags were

packed in styrofoam boxes at 21.5°C and then transported by truck for 8 h.
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At the end of transport, temperature and DO were measured with YSI Model
550A meter (Yellow Springs Instruments, Yellow Springs, Ohio, USA), and the pH was
measured with the pHmeter (FE20-FiveEasyTM, Mettler Toledo, Schwerzenbach,
Switzerland). Alkalinity was measured following APHA (1999) and CO, was calculated
with the software CO, Analysis Salt® (Timmons & Ebeling 2010). TAN was
determined accordingly to Solorzano (1969) and NH3-N was calculated using the

equations of Ostrensky, Marchiori & Poersch (1992) adapted from Whitfield (1974).

Sampling

Before transport, nine fish were sampled for blood collection as a Control group.
Blood of three fish was sampled from three bags per treatment (triplicate) immediately
on arrival (0 h), after transport, and three fish from each of the remaining bags were
placed in recovering tanks (one tank for each bag) filled with 50 L of salt water. Fish
were sampled 2 and 24 h later. Benzocaine at 50 mg L™ was used during the samples to
ease handling. Blood was collected from the caudal vein with a heparinized 1 mL
syringe. An I-STAT Portable Clinical Analyzer (Abbott Laboratories, Chicago, Illinois,
USA) coupled to an CG8" cartridge was used to measure blood properties: glucose,
hematocrit, hemoglobin, pH, partial gas pressure of CO, (pCO,) and O, (pO,),
displaying calculated values of blood bicarbonate (HCO3) and O, (pO,). Values for
pCO, and HCO3; were corrected to the experimental temperature according to the
manufacture’s specifications. The efficacy of I-STAT measurements has been proved
for several fish species, like bonefish Albula vulpes L. (Cooke, Suski, Danylchuk,
Danylchuk, Donaldson, Pullen, Bulte, O’toole, Murchie, Koppelman, Shultz, Brooks &

Goldberg 2008), Atlantic salmon Salmo salar L. (Kristensen, Rosseland, Kiessling,
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Djordevic & Massabau 2010), Atlantic halibut Hipoglossus hipoglossus L. (Paust, Foss
& Imsland 2011), tambaqui Colossoma macropomum (Cuvier) (Barbas, Stringheta,
Garcia, Figueirerdo & Sampaio 2016), including cobia (Rodrigues, Pedron, Romano,
Tesser & Sampaio 2015). Blood was centrifuged (10,192 x g) for 10 min. (4°C) for
plasma osmolality measurements using a vapor pressure osmometer (Vapro 5520;
Wescor, Inc.; Logan, Utah, USA) and lactate was determined using a portable meter

(Accutrend Plus®, Roche, Mannheim, Germany).

Statistical analyses

Water quality and blood parameters were analyzed by one-way ANOVA,
followed by Tukey test when significant differences were observed. Dunnett test was
applied to identify data points that were significantly different from Control. All
analyzes were performed with a minimal significant level of p<0.05. All values were

presented as mean and standard deviation.

Results

Cobia survived transport in a closed system for 8 h at densities up to 24 g L™,
However, with stocking density of 33 g L™ mortality reached 18.2% right after
transport.

Dissolved oxygen was significantly lower (p<0.05) when cobia were transported
at 24 and 33 g L™, it decreased 4-fold at the highest stocking density, compared to bags
transported without fish. However, the concentration of dissolved oxygen was above 10

mg O, L™ at the lowest stocking density. Carbon dioxide increased up to 56 mg CO, L™
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as the stocking density was increased. Rich CO, environment favored reduction of pH
levels, which was lower for the highest stocking density. Alkalinity was significantly
different (p<0.05) among stocking densities, however it was always above 760 mg
CaCOs; L™ Total (TAN) and unionized ammonia levels were significantly higher at all
densities compared to treatment Without Fish (p<0.05). However, levels of TAN and
unionized ammonia were all below 0.30 NH," + NH3-N mg L™ and 0.01 mg NHs-N L™,
respectively (Table 1).

Table 1.

The values obtained for blood parameters before and after transport are shown in
tables 2 and 3. Within 0-2 h after transport glucose was significantly higher for cobia
transported at the densities 24 and 33 g L™ compared to the Control and to cobia
transported at the lowest stocking density. However, after 24 h, glucose levels in all
treatments had returned to the Control level.

There were no significant differences for osmolality at 15 and 24 g L™ when
compared with Control, independent of time. On the other hand, despite a significant
rise in osmolality during the first 2 h after transport, it returned to Control levels within
24 h for cobia transported at 33 g L™. Hematocrit levels were all similar to Control, and
there were no significant differences at each stocking density along 24 h (p>0.05).
Hemoglobin concentration was not affected at the lowest and highest stocking density.
However, hemoglobin was higher than Control immediately after transport when
stocking density was 24 g L™. Within the same treatments, there were no significant
differences along time. Lactate concentration was higher than Control just at 2 h for 33
g L™ Right after transport (0 h), lactate levels were higher at 33 g L™ when compared to

the other densities. There were no significant differences for pO, concentrations.
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Table 2.
Table 3.

Blood pH rose significantly on arrival (p<0.05), but after 2 h it was above the
Control level only for cobia transported at the highest stocking density. Nevertheless,
after 24 h pH levels were all similar among stocking densities and also to the Control
(p<0.05). There was an increase in blood pCO, for all densities right after transport
(p<0.05), the higher the stocking density, the higher was the pCO,. However, as soon as
2 h after transport, pCO, decreased at the lowest stocking density, and it remained lower
than the Control after 24 h, although at the time, there was no difference among pCO,
and stocking densities at 2 and 24 h. HCOj3 levels also increased after transport,

however after 2 h all treatments were already similar to Control.

Discussion

The increase in stocking density during fish transportation could be associated
with the deterioration in water quality (Golombieski, Silva, Baldisserotto & Silva 2003).
Thus, the techniques used in aquaculture during live transport are mainly related to
reduction of the stress responses and to improve water quality. The main problems in
closed system transport are the buildup of ammonia and CO,, coupled to decrease of
oxygen and pH. The pH decrease could be minimized by the addition of pH buffers, like
sodium bicarbonate (Ashley 2007; Harmon 2009).

The decline in water pH through live transport was also reported for other
species (Carneiro, Kaiseler, Swarofsky & Baldisserotto 2009; Pakhira et al. 2015).

Treasurer (2012) recommended 2 mg NaHCO3 L™ to transport juvenile cod G. morhua
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L. in open systems. In the present work, pH decreased with the increase in stocking
densities, but all remained above 7.1, a level considered safe, as pH above 6.5 is not
harmful for cobia (Rodrigues et al. 2015).

The lethal concentration for TAN and unionized ammonia for cobia are 38.5 and
1.13 mg L, respectively (Rodrigues, Schwarz, Delbos & Sampaio 2007). However, in
this study the highest TAN and unionized ammonia were only 0.27 mg TAN L* at
density 33 g L™ and 0.0025 N-NH; L™ at 15 mg L™, so these parameters were not an
issue for cobia.

It is known that oxygen consumption is related with CO, excretion, and that CO,
concentrations above 40 mg L™ are considered harmful for oxygen transport through
tissues (Wedemeyer 1996; King 2009). In this study, the lowest dissolved oxygen
concentration in the water was 3.29 mg L™ at the highest density. Concomitantly, at 33
g L™ there were the highest CO, levels (56 mg L™) and it was the only treatment that
presented mortality (18.2%). Indeed, hypoxia and hypercapnia are related to mortality
during fish transport (Tang, Thorarensen, Brauner, Wood & Farrell 2009).

Stress response is mediated by catecholamines and corticosteroids, leading to
hyperglycemia, hyperlactatemia, osmolality disturbance, increase in oxygen uptake and
changes on hemoglobin oxygen affinity (Carragher & Rees 1994; Wendelaar Bonga
1997). In the present study, glucose levels were higher at the end of transport and
remained high after 2 h at 24 and 33 g L™, reaching 375 mg dL™ at the highest density.
Trushenski, Schwarz, Takeuchi, Delbos & Sampaio (2010) submitted cobia to different
stress conditions, and the highest glucose was 189 mg dL™ after 1 h from an air
exposure challenge (1 min.). Therefore, cobia faced an intense stress condition when

transported at 33 g L™, thus culminating in their mortality.
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For marine fish, which lives in hyperosmotic environment, it is common to
observe an increase in osmolality levels in stressfull situations due to the increase in
gills permeability to water and ions (Wendelaar Bonga 1997). Despite a higher
osmolality at 0 and 2 h for 33 g L™, after 24 h it returned to baseline levels. This seems
to be a typical response of cobia following an acute exposure to a stressor. Cobia
challenged with air exposure (1 min.) also presented higher osmolality levels (439
mOsm kg™) after 0.5 h from exposure, nonetheless they returned to baseline levels after
1 h from challenge (Trushenski et al. 2010).

When fish face a situation that demands more energy to cope with higher
metabolic rates, catecholamines are released and raise hematocrit and hemoglobin
concentrations to increase oxygen carrying capacity (Wendelaar Bonga 1997;
Dobsikova, Svobodova, Blahova, Modra & Velisek 2006). In this study, hemoglobin
concentration increased on arrival only for cobia transported at 24 g L™. On the other
hand, there was no difference for hematocrit related to Control, and the same pattern
was found for cobia transported with benzocaine (Pedron et al. 2016). Despite no
significant difference, hemoglobin concentration decreased at the highest density after 2
h (5 mmol L™), concomitantly to a considerably and significant increase in lactate.
When the oxygen supply is not enough for aerobic metabolism and thus fish feature an
anaerobic condition, lactate levels increase (Olsen, Einarsdottir & Nilssen 1995). Blood
oxygen concentrations were not different among treatments or Control, however it is
remarkable that hemoglobin concentration was lower at the highest density 2 h post-
stress, therefore a lower oxygen carrying capacity could have led to higher lactate
levels. Rainbow trout Oncorryhnchus mykiss (Walbaum) transported in an open system

for 3 h with a density of 169 g L™ also showed an increase in lactate levels after
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transport, returning to baseline levels after 24 h (Shabani, Erikson, Beli & Rexhepi
2016).

When blood CO; is elevated, the organism copes with acidity by increasing
HCOj3" concentration, thus sustaining pH levels (Claiborne & Heisler 1986). This was
exactly what happened for cobia after transport: the CO, concentration increased along
with pH and HCOj' levels. Silver catfish Rhamdia quelen transported for 6 h in plastic
bags with different concentrations of essential oil of Lippia alba also presented an
increased in blood CO, and HCOg™ levels after transport (Becker, Parodi, Zeppenfeld,
Salbego, Cunha, Heldwein, Loro, Heinzmann & Baldisserotto 2016).

There was 18.2% of mortality at the highest density (33 g L™) in this study. Cobia (30
g) transported for 8 h without buffering also showed mortality (=~ 40%) at the highest
density (30 g L™), when pH reached 6.4 (Pedron 2013). Therefore, the maximum safe
stocking density to transport juvenile cobia is 24 g L™, as long as pH does not fall below

7.2.
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Tables

Table 1: Water quality parameters (mean + SD) measured immediately after 8 h
transport of juvenile cobia Rachycentron canadum at different stocking densities (15, 24
and 33 g LY. Different letters indicate significant differences (p<0.05) among

treatments, as indicated by one-way ANOVA and Tukey’s test.

Parameters Densities (g L™)
Without Fish 15gL" 24 g L™ 33gL™?
DO 18.75+1.20° 10.23+3.11° 4.26+1.26° 3.29+0.87°
pH 7.82+0.02° 7.47+0.05" 7.24+0.05° 7.08+0.05¢
Alkalinity ~ 795.00+8.66°  799.00+27.28"  787.10+28.56%®°  765.40+24.62"
CO, 10.30+0.57° 24.16+3.21° 40.33%5.24° 56.33+7.57°
TAN 0.000.00 0.23+0.03" 0.23+0.06° 0.27+0.03"

NH3-N 0.0000£0.0000  0.0025+0.0003°  0.0014+0.0004°  0.0012+0.0002"

DO (Dissolved Oxygen) = mg O, L™, Alkalinity = mg CaCO3 L™, CO, =mg CO, L

LTAN = NH," + NHs-N mg L™, NHs-N =mg L™
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Table 2: Glucose, osmolality, hematocrit, hemoglobin, lactate and pO, (mean + SD)
from juvenile cobia Rachycentron canadum (n=9) transported during 8 h at different
stocking densities with 1 mg NaHCOs; L™. Different lowercase letters indicate
significant differences (p<0.05) among treatments at each time interval, and different
capital letters indicate significant differences (p<0.05) for the same treatment at
different time intervals, as indicated by one-way ANOVA and Tukey’s test. Asterisks
(*) indicate significant differences (p<0.05) when compared to values Before Transport,

as indicated by Dunnett test.

Blood Density Before Time After Transport (h)
Parameter (gL™?) Transport
Control 0 2 24
51.7+8.7
Glucose 15 84.3+19.3"*  87.7+15.4"  43.0+8.3°
(mg dL™) 24 195.4+48.9Y" 161.8+55.4Y"  68.6+44.4°
33 374.6+138.6 ** 370.3+75.8™*  41.0+3.5°
369.4+12.9
Osmolality 15 369.0+13.3Y 358.2+6.2Y 362.0+16
(mOsmkg?h) 24 392.1+12.4%"  369.4+8.9% 379.3+20.9"°
33 411.0+44.7  426.8435.7*  376.0+33.4
27.0+4.7
Hematocrit 15 28.3+3.3 23.6+2.1 22.945.9
(%) 24 32.9+5.6 25.8+4.6 26.5+6.7
33 27.7+3.9 22.6+2.1 26.3+4.0
8.1+3.4
Hb 15 9.5+1.0 8.0+0.7% 8.2+2.1
(mmol L™ 24 11.2+#1.9° 8.8+1.6" 9.0+2.3
33 9.4+1.3 5.4+2.4Y 8.9+1.4
3.6+0.8
Lactate 15 3.5+0.6"" 3.3+0.3"* 2.1+0.5°
(mmol L™ 24 4.9+1.4%" 3.4+0.6"° 2.5+0.9°
33 6.0+2.9*8 11.2+48.274 1.9+1.2°
5.242.5
pO; 15 5.2+2.3 2.7+1.2 5.7+3.3
(mm Hg) 24 3.8+2.3 4.6%3.3 4.2+2.7
33 2.8+1.6 4.8+3.4 3.2+1.3
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Table 3: Blood pH, pCO; and HCO3 (mean + SD) from juvenile cobia Rachycentron

canadum (n=9) transported during 8 h at different stocking densities with 1 mg

NaHCOs L™. Different lowercase letters indicate significant differences (p<0.05) among

treatments at each time interval, and different capital letters indicate significant

differences (p<0.05) for the same treatment at different time intervals, as indicated by

one-way ANOVA and Tukey’s test. Asterisks (*) indicate significant differences

(p<0.05) when compared to values Before Transport, as indicated by Dunnett test.

Blood Density Before Time After Transport (h)
Parameter (gL™?)  Transport
Control 0 2 24
7.240.1
pH 15 7.5¢0.17° 7.2+0.1°®° 7.240.1°
24 7.5¢0.17" 7.1+0.1%® 7.1+0.2°
33 7.6£0.1%" 7.3+0.17® 7.240.1°
18.1+4.2
pCO; 15 36.1+6.4 9.5+0.5Y° 9.1#2.2°°
(mm Hg) 24 51.1+9.77Y4 12.4+2.28 11.9+4.5°
33 68.8+14.97"  14.3+4.5® 9.5+1.8°
6.4%1.0
HCOs" 15 25.8+3.7V 4.5+0.78 3.4+0.6°
(mmol L™ 24 38.6+5.34 4.3+0.8"° 3.6+0.7°
33 62.9+18.274 7.9+3.1*® 3.5+0.5°
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Capitulo 2

Transport of juvenile cobia Rachycentron canadum: combined effects of salinity and

temperature

Artigo nas normas de submissao da revista Aquaculture.
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Abstract

This experiment aimed to study the water quality and the stress response of juvenile
cobia transported at different salinity and temperature combinations (S12-T19, S30-
T19, S12-T23 and S30-T23), all in triplicate. Fish (29.6 g) were stoked in polyethylene
bags at a density of 27 g L™ and transported for 8 h. Blood samples were taken for
secondary stress response analysis before transportation (Control), 0 (immediately after
transport), 2 and 24 h afterwards. Water samples were collected to measure temperature,
salinity, oxygen, pH, alkalinity, total and unionized ammonia and to calculate CO,.
Salinity was decisive for survival, there was no mortality for cobia when transported at
salinity 12, independent of temperature. On the other side, at the higher salinity (30)
there was mortality at T19 (1.2%) and T23 (7.4%). Blood glucose increased for fish in
all treatments immediately after transport. However, after 24 h, glucose returned to the
initial levels. Blood hypercapnia was observed immediately after transport for all
treatments, blood acidification was overcome by significant elevation of blood HCO3',
which actually resulted in blood pH rise. Despite of no mortality at S12-T23, it was
observed the highest CO, concentration in the water (81 mg CO, L) at this treatment.
According to the present results, it is safe to use the combination of salinity 12 g L™ and

temperature 19°C to transport juvenile cobia in stocking densities up to 27 g L™
Keywords: Transportation, water quality, blood acidification, blood parameters.
1. Introduction

Cobia Rachycentron canadum is an important species for aquaculture, with a
production of more than 40 thousand tons in 2014. The main producing countries are
Taiwan, China, Vietnam and Panama and they are most cultured in cages (Benetti et al.,
2010; FAO, 2016). Its optimal growth at 27°C and salinity 30 g L™, and its isosmotic
point is equivalent to 11.2 g L™ (Sun et al., 2006; Burkey, et al., 2007; Chen et al.,
2009). Cobia culture faces some problems that include high mortality during transport
from nursery to grow-out cages, so the weight proposed for its transport is nearly 30 g
(Liao et al., 2004).

Closed system is a widespread method to transport fish. Some features of closed
system include reduction on the volume of water transported and the advantage of being
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more economical (Berka, 1986). However, closed systems have disadvantages mainly
about water quality, by decreasing dissolved oxygen and pH, and increasing ammonia
and carbon dioxide concentrations. Changes in the concentrartions of these substances
leads to a poor water quality in closed systems that activates a cascade of physiological
responses to cope with the stress caused (Amend et al., 1982; Golombieski et al., 2003).
One of the side effects of low water pH is blood acidification, which impairs blood
oxygenation due to the Root and Bohr effects (Claiborne et al., 1999).

A stressful condition may lead to increased gill permeability, thus resulting in
higher water gain and blood ion loss for freshwater fish. Marine fish face an even higher
loss of water and ion influx than usual and therefore an osmoregulatory disturbance is
observed (Wendelaar Bonga, 1997; Harmon et al., 2009). Increasing water salinity for
freshwater fish or reducing it for marine fish during transport, favors a gradient decline
between water and fish blood, which may minimize energy expenditure for
osmoregulation, and consequently, decrease the stress response (Lim et al., 2003).
Some freshwater fish transported in low salinity water (= 3 g NaCl L™) presented a
reduction in the stress responses (Urbinati and Carneiro, 2006; Gomes et al., 2006;
Branddo et al., 2008; Oyoo-Okoth et al., 2011; Tacchi et al., 2015). However, little is
known for the transport of marine fish at lower salinity, i.e. close to the isosmotic point
(Weirich and Tomasso, 1991; Stiegletz et al., 2012). Cobia (1.65 g) transported for 24 h
at 19°C under different stocking densities (5 — 20 g L™) and salinities (12 and 32 g L™)
presented a better survival at the highest stocking densities (up to 15 g L™) when
transported at the lowest salinity (12 g L™) (Stieglitz et al., 2012).

Higher temperatures increase metabolic rates, so lowering temperature (within
specific limits according to each species) is advisable during fish transport (Ross and
Ross, 2008). The reduced metabolism due to the lower water temperature favors
preservation of water quality, thus improving overall fish condition (Golombieski et al.,
2003; Harmon, 2009). Colburn et al. (2008) transported cobia (1.5 — 3 g) at different
loading densities (5 — 25 g L™) and temperatures (19 — 25°C). Mortalities after transport
were similar for both temperatures (2.2%), so the authors indicated that cobia can be
transported for 24 h with low mortality at densities not exceeding 20 g L™ at
temperatures between 19 and 25°C.

Although Stieglitz et al. (2012) and Colburn et al. (2008) transported cobia at
different salinity and temperature conditions, blood parameters were not accessed due to
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the small size of their fish (1-3 g). Other than that, Liao et al. (2004) recommended that
cobia ought to weigh at least 30 g prior to be stocked in cages. Therefore, this study
aimed to analyze water quality, survival, and secondary stress responses of larger
juvenile cobia (30 g) transported at different salinity (12 and 30 g L™) and temperature
(19 and 23°C) combinations.

2. Material and methods

2.1 Animals

Juvenile cobia were purchased from a commercial hatchery and were reared at
Laboratory of Marine Fish Culture (LAPEM) at Federal University of Rio Grande
(FURG) in a recirculating aquaculture system (temperature 26.5°C; salinity 30 g L™)
until the trials. They were fed twice daily with a commercial diet (57% crude protein;
14.5% lipid - NRD, INVE, Grantsville, UT, USA), and food was withheld 24 h prior to
the experiment. This experiment was approved by Ethical and Animal Welfare
Committee of the Federal University of Rio Grande — FURG (Certificate number
020/2014).

2.2 Transport

Juvenile cobia (29.6+4.6 g; 18.4+0.8 cm) were placed in polyethylene bags filled
with 10 L of water, 20 L of pure oxygen, buffered with 1 g NaHCO; L™. Four
treatments were defined as a combination of two salinities (12 or 30 g L™) and
temperatures (19 and 23°C), further on described as: S12-T19, S30-T19, S12-T23, and
S30-T23, all in triplicate. Also, three control bags for water quality were transported
without fish. Salinity was reduced to 12 g L™ by diluting seawater (30 g L™) with
dechlorinated tap water (0 g L™). Temperature in the RAS was reduced to 19°C and
23°C within the last three hours before fish were packed. The bags were placed in
styrofoam boxes and then were transported for 8 h. The final stocking density was 27 g
L™
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Water samples from all bags were collected after transport. Handheld meters
were used to measure oxygen and temperature with YSI Model 550A meter, (Yellow
Springs Instruments, Yellow Springs, OH, USA), and pH with FE20-FiveEasyTM
(Mettler Toledo, Switzerland). Alkalinity was measured following APHA (1999) and
CO, was calculated with the software CO, Analysis Salt® (Timmons and Ebeling,
2010). TAN was determined accordingly to Solorzano (1969) and NHs3;-N was
calculated using the equations of Ostrensky et al. (1992) adapted from Whitfield (1974).

2.3  Sampling

Blood was sampled from the caudal vein with a heparinized 1 mL syringe.
Three fish were sampled from three bags per treatment immediately after transport (0
h), and three fish from the remaining bags were placed in recovering tanks (one tank for
each bag) filled with 50 L of water in the same salinity and temperature as they were
transported and were sampled 2 and 24 h later. During the recovery period, temperature
was increased to 25.5°C. Blood of nine fish was sampled before transport and used as a
control. An I-STAT Portable Clinical Analyzer (Abbott Laboratories, Chicago, IL,
USA) was used with along with a CG8" cartridge to measure glucose, hemoglobin,
sodium (Na"), potassium (K™), ionized calcium (Ca"), pH, partial gas pressure of CO;
(pCO,), displaying calculated values of blood bicarbonate (HCO3) and O, (pO.).
Values for pCO, and HCOs; were temperature-corrected to the experimental
temperature according to the manufacture’s specifications. Effectiveness of I-STAT
measurements has been proved for cobia (Rodrigues et al., 2015) and other fish species
(Kristensen, et al., 2010; Paust et al., 2011; Barbas et al., 2016). Blood was centrifuged
(10,192 x g) for 10 min. (4°C) for plasma osmolality measurements using a vapor
pressure osmometer (Vapro 5520; Wescor, Inc.; Logan, Utah, USA) and hematocrit was
determined centrifuging blood for 10 min. (16,128 x g) (Hematocrit Centrifuge H-240,
Hsiang Tai Machinery Industry CO., Taiwan).

2.4  Statistical analyses
Water quality and blood parameters were analyzed by one-way ANOVA,

followed by Tukey test when significant differences were observed. Dunnett test was
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applied to identify data points that were significantly different from Control levels. All
analyzes were performed with a minimal significant level of p<0.05. All values were

presented as mean and standard deviation.

3. Results

There was no mortality at salinity 12 g L™, independent of temperature.
Mortality was only observed at the treatments S30-T19 (1.2%) and S30-T23 (7.4%).

Water quality parameters in the control bags, transported without fish were: 15.3
mg O, L™, pH 7.7, 16.1 mg CO, L™, alkalinity 750.4 mg CaCOs; L™, 0.02 mg NH," +
NHs-N L™ and 0.0002 mg NHs-N L™ Final water quality parameters for fish
transported at different combinations of temperature and salinity are shown in Table 1.
Dissolved oxygen was higher at $12-T19 (10.9 mg L™) and lower at $30-T23 (3.7 mg
L™Y). For the treatments with the lowest temperature (19°C), pH was higher when
compared to 23°C. Alkalinity was lower for treatments with the lowest salinity (12 g L
1). CO, concentrations were higher at the treatment S12-T23 (81 mg L™) and lower at
S30-T19 (57 mg L™). Total ammonia (TAN) was higher at the trials with the highest
temperature (23°C). For unionized ammonia, the highest concentration was at the
treatment S12-T23.

There was an increase in glucose levels for all treatments at O h in relation to
Control, they remained high until 2 h, but they all returned to Control levels after 24 h.
Right after transport, the highest glucose values were for fish transported at S30-T23
when compared to other treatments. Hematocrit percentage decreased after 24 h for the
treatments S12-T19 and S30-T23 in relation to Control. Hemoglobin concentration
presented an elevation after transport at S12-T19, S12-T23 and S30-T19, but returned to
Control levels after 2 h. There were no differences for lactate levels when compared to
Control, but at 24 h the treatment S30-T23 was higher than all other treatments. There
was no difference for blood oxygen when compared to Control, however at the
treatment S12-T19, its concentration was lower at 2 h than at 24 h (Table 2).

Osmolality and Na* levels increased at 0 and 2 h compared to the control just for
S30-T23, however they returned to basal levels after 24 h. There was a decrease at K*
levels when compared to Control only right after transport for the treatment S12-T19,
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but it returned to the control level after 24 h. There was a decrease in Ca” levels at S12-
T19 after 24 h in relation to Control (Table 3). All blood pH, pCO; and HCO3 levels
increased for all treatments after transport (0 h), but they all returned for Control levels
already at 2 h (Table 4).

4. Discussion

Salt addition and decreasing temperature are known practices used in
aquaculture to improve survival and minimize stress response during freshwater fish
transport, however these methods are less studied for marine fish (Harmon, 2009;
Stieglitz et al., 2012). In this experiment, isosmotic salinity and reduced temperature
contributed for cobia survival and reduction of stress response.

The dissolved oxygen was equal to, or above 7.6 mg O, L™ at the lowest
temperature, and below 5.5 mg O, L™ at the highest one, independent of the salinity.
Jundia Rhamdia quelen (1-2.5 g) transported for 24 h (168 g L) at different
temperatures (15, 20 and 25°C) showed highest dissolved oxygen at 15°C (18 mg L™)
and lowest at 25°C (0.44 mg L™), which reflected in higher mortality (15%) at the
highest temperature (Golombieski et al., 2003), showing the importance of this
parameter during transport.

At higher densities, carbon dioxide (CO,) concentrations could rise due to the
higher oxygen consumption, so increase in CO; levels are usually related with low
dissolved oxygen concentrations (Wurts and Durborow, 1992). In fact, the highest CO,
concentrations were found at the treatments with the lowest dissolved oxygen (S12-T23
and S30-T23). Hypercapnia (73.2 mg CO; L™) and hypoxia (3.7 mg O, L) were
factors that probably contributed for the higher mortality (7.4 %) at the treatment S30-
T23. The limit for CO, concentration for fish growth is considered 20 mg L™ and
concentrations above 40 mg L™ are considered harmful for fish (Wedemeyer, 1996;
Moran et al.,, 2008). Yellowtail Seriola quinqueradiata (1.4 kg) was exposed to
different CO, concentrations (14 and 75 mg L™ at 20°C), and all fish died after 8 h of
exposure at the highest concentration (Lee et al., 2003), which was a lower
concentration than that found in this study at the treatment S12-T23 (81.6 mg CO, L ™),
but no mortality was observed for cobia.

A higher CO, concentration interferes in pH levels, it is decreased due to the
production of carbonic acid in the water (Wurts and Durborow, 1992). In this study,
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despite the use of sodium bicarbonate, pH was reduced for all treatments, reaching the
lowest level at the treatment S30-T23 (6.9), which is not considered harmful to cobia
(Rodrigues et al., 2015).

Barbieri and Doi (2012) exposed cobia (19 g) to different ammonia
concentrations (0-120 mg L™ of TAN) at different salinities (5, 20, and 35 g L™ / 25°C)
and cobia was negatively affected with decreasing salinity: mortality and ammonia
excretion were higher at 5 g L™. In this study, the highest total and unionized ammonia
were at S12-T23 (3.2 and 0.015, respectively). So considering that lethal concentrations
for both parameters for cobia are 38.5 mg L™ of TAN and 1.13 mg NHs-N L*
(Rodrigues et al., 2007), the ammonia concentrations observed at this work were within
safe levels.

Stress responses are affected by water quality, resulting in alterations in blood
glucose, hematocrit, hemoglobin, lactate, oxygen uptake, osmolality, and ions, which
are adaptatise reactions to stress conditions (Wendelaar Bonga, 1997). At higher
temperatures, there is an increase in oxygen consumption and hyperglycemia is
normally verified (Van Raaij et al., 1996; Golombieski et al., 2003). In this experiment,
glucose levels were higher for all treatments right after transport especially for fish
transported at $30-T23 (357 mg dL™*) which was two-fold higher than at $12-T19 (173
mg dL™), but in all treatments, glucose levels returned to Control levels after 24 h.
Differently from cobia, coho salmon Oncorhynchus kisutch (20 g) exposed to three
different salinities (0, 10, and 28 g L™) did not present difference for glucose levels or
oxygen consumption (Morgan and Iwama, 1998). Matrinxd Brycon amazonicus was
also able to keep glucose similar to control levels when sodium chloride (6 mg L) was
added to the water (Urbinati and Carneiro, 2006).

During stressful situations, hematocrit and hemoglobin concentrations can
increase in order to improve the oxygen transport (Wendelaar Bonga, 1997). In this
study, hematocrit remained equal to Control right after transport, but had a slight
decrease after 24 h for treatments S12-T19 and S30-T23. Sunshine bass (Morone
chrysops x Morone saxatilis) were subjected to acute stress at different temperatures (5
—30°C), and at 10°C there was an initial increase followed by a delayed decrease in
hematocrit after 48 h from stress (Davis, 2004). Despite no changes found for
hemoglobin at the treatment S30-T23, all other trials had an increase in hemoglobin

concentration after transport, then returning to Control levels at 2 h. Although there was
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no significant difference from Control, it was observed a slight decrease of blood pO,
after transport, as a result of the increasing oxygen consumption due to the stress
condition, which leads to a CO, accumulation in the blood, also observed in this study.
Differently from hematocrit, hemoglobin concentration reacted by increasing its levels
after transport, trying to maintain the gas transport, which was probably affected by
Root and Bohr effects (Wendelaar Bonga, 1997; Claiborne et al., 1999).

Oxygen concentration and lactate levels are inversely correlated, since lactate is
an energy source activated in hypoxia conditions (Wendelaar Bonga, 1997). Cobia
apparently did not face an anaerobic situation, because despite the lower oxygen in the
water for S12-T23 and S30-T23 (5.5 and 3.7 mg O, L™ respectively), lactate
concentrations after transport were not different between those treatments. This could be
related again with the increase in hemoglobin concentration, which was able to cope
oxygen blood transport and prevent lactate buildup (Olsen et al., 1995).

Only the treatment S30-T23 presented difference for osmolality among times by
being higher after transport and at 2 h, but returning to Control levels after 24 h. Fish
facing a stressful situation in a hyperosmotic medium tend to loose water and absorb
electrolytes, thus raising their blood osmolality. On the other hand, fish gain water and
loose electrolytes when in a hyposmotic medium (Robertson et al., 1988). Red drum
Sciaenops ocellatus (40 — 140 g / 23-30 g L) was transported (2.5 — 5.5 h/ 19.5 — 26°C)
at different salinities (4 and 32 g L™), and fish transported at the lowest salinity showed
a decrease in osmolality, while at the highest one there was an osmolality increase
(Robertson et al., 1988). It is well known for some species that rearing fish in salinities
near their isosmotic point can lead them to save energy from osmoregulatory process
(Gaumet et al., 1995; Imsland et al., 2001). So cobia was able to keep blood plasma
osmolality levels at the isosmotic condition (S12-T19 and S12-T23) and at
hyperosmotic medium with lower temperature condition (S30-T19). It was observed a
decrease in K* and Ca" concentrations for the treatment S12-T19 at 0 and 2 h,
respectively. On the other hand, an increase was observed for Na™ at S30-T23 for 0 and
2 h, however they were all restored after 24 h. During a stress situation, gill
permeability increases and an ionic disturbance can occur (Postlethwaite and
McDonald, 1995), as showed in this experiment.

High CO, levels in the water leads to blood hypercapnia, but pH decrease is
controlled due to HCOj release, establishing a CO,/HCO3 equilibrium found in
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homeostase (Claiborne and Heisler, 1986; Pelster, 2004). This equilibrium was noticed
in this experiment, when right after transport (0 h) there was an increase in pCO;
followed by a simultaneously increase in HCO3™ and pH, that was restored already at 2
h. Jundia (420 g) transported for 6 h (274 g L™/ 27°C) with extract of Lipia alba (0, 30
and 40 mg L ™) showed increased CO, and HCO3 concentrations for all treatments after
transport, but pH levels were kept unaltered (Becker et al., 2016).

An enhanced stocking density with higher survival is economically interesting
for aquaculture (Harmon, 2009). Transport of cobia has been done at lower stocking
densities, Stieglitz et al. (2012) transported smaller cobia (1.65 g) for 24 h using a
combination of low salinity (12 g L™) and temperature (19°C), obtaining survival above
80% when stocking density was up to15 g L™. Larger cobia (30 g) were successfully
transported (100% survival) by Pedron et al. (2016) for 8 h in a lower stocking density
(10 g L™) but at higher salinity (30 g L™) and temperature (22.5°C). Therefore, the
manipulation of salinity and temperature can improve overall conditions of cobia

transported at a higher stocking density (27 g L™).

5. Conclusion

Juvenile cobia (30 g) can be safely transported in plastic bags up to 8 h at the
density of 27 g L™ by using a combination of reduced salinity (12 g L™) and low
temperature (19°C), which resulted in minimized secondary stress responses and 100%
survival. Although no mortality was observed at S12-T23, this treatment is not
recommended due to the high CO, concentration in the water (81.6 mg CO; L™), which

could actually be an important trigger for mortality occurrence.
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Tables:

Table 1: Water quality parameters measured immediately after 8 h transport (mean *
SD) of juvenile cobia Rachycentron canadum at different salinity and temperature
levels (S12-T19, S30-T19, S12-T23 and S30-T23). Different letters indicate significant
differences (p<0.05) among treatments, as indicated by one-way ANOVA and Tukey’s

test.
Parameters Salinity and Temperature
S12-T19 S12-T23 S30-T19 S30-T23
DO 10.9+2.7° 5.5+1.5" 7.6+1.6° 3.7415°
pH 7.1+0.05° 7.0+0.04° 7.1+0.03° 6.9+0.04°
Alkalinity 712.7+18.2° 711.3+18.7° 778.3+19.3° 774.4+21.7°
co, 65.2+7.2° 81.6+8.1° 56.8+3.7° 73.246.3"
TAN 2.4+0.38" 3.240.4% 2.240.3 2.9+0.4°
NH-N 0.0119+0.0018°  0.0152+0.0012*  0.0093+0.0009°  0.0107+0.0011"

DO (Dissolved Oxygen) = mg O, L™, Alkalinity = mg CaCO5; L™, CO, =mg CO, L
! TAN = NH," + NHs-Nmg L™, NH3-N =mg L™
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Table 2: Glucose, hematocrit, hemoglobin, lactate and pO, (mean £ SD) from juvenile

cobia Rachycentron canadum (n=9) after 8 h of transport at different salinity and
temperature levels (S12-T19, S30-T19, S12-T23 and S30-T23). Different lowercase

letters indicate significant differences (p<0.05) among treatments at each time interval,

and different capital letters indicate significant differences (p<0.05) for the same

treatment at different time intervals, as indicated by one-way ANOVA and Tukey’s test.

Asterisks (*) indicate significant differences (p<0.05) when compared to values Before

Transport, as indicated by Dunnett test.

Blood SXT Before transport Time after transport (h)
Control 0 2 24
40.749.8
Glucose S12-T19 173.5+64.4YA 142.2423.94 44.1+6.5%®
(mgdL™) S12-T23 216.3+65.9 " 194.2+49.6 4 48.4+3.07°
S30-T19 195.0+66.3 A 120.0+36.1"%8 49.3+7.49¢
S30-T23 357.0+81.174 267.3+59.4™A 52.7+6.2*®
33.4+4.8
Hematocrit ~ S12-T19 37.1+3.74 30.5+4.08 25.4+4.2"C
(%) S12-T23 36.1+7.5% 30.7+4.2 29.3+5.4
S30-T19 38.5+5.44 32.045.9"8 28.6+8.28
$30-T23 28.2+1.8Y 31.145.1 26.045.2"
6.68+1.18
Hb S12-T19 9.47+2.03™ 9.19+1.77% 6.26+1.118
(mmol L) S12-T23 11.48+2.08™* 7.13+2.02° 7.54+1.71°
$30-T19 10.98+2.05 7.51+1.46°8 7.25+1.578
S30-T23 8.35+3.61 7.55+0.96 7.27+1.10
3.7+0.8
Lactate S12-T19 3.3+3.9 3.5+1.2 2.5+0.6"
(mmol L) S12-T23 4.9+1.6" 3.8+2.278 2.9+0.5%8
S30-T19 2.7+1.8 3.24¢1.1 2.5+0.9Y
S30-T23 7.446.3 6.645.9 3.4+0.4%
12.5+10.7
pO, S12-T19 5.9+3.1"® 3.6+2.9% 12.6+10.7%
(mm Hg) S12-T23 6.1+3.4 6.846.7 7.346.2
S30-T19 5.0+2.9 5.9+8.7 6.745.3
S30-T23 4.8+3.3 45+3.8 9.6+9.3
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Table 3: Plasma osmolality, blood Na*, K" and Ca" (mean + SD) from juvenile cobia
Rachycentron canadum (n=9) after 8 h of transport at different salinity and temperature
levels (S12-T19, S30-T19, S12-T23 and S30-T23). Different lowercase letters indicate
significant differences (p<0.05) among treatments at each time interval, and different
capital letters indicate significant differences (p<0.05) for the same treatment at
different time intervals, as indicated by one-way ANOVA and Tukey’s test. Asterisks
(*) indicate significant differences (p<0.05) when compared to values Before Transport,

as indicated by Dunnett test.

Blood SXT Before transport Time after transport (h)
Control 0 2 24
368+9.2
Osmolality ~ S12-T19 353.2+19.66° 373.7+24.7 359.4+5.8
(mmol kg')  S12-T23 395.7+38.9"* 384.5+20.1948 355.1+12.4°
S30-T19 363.5+11.6" 365.7+15.6% 354.3+9.5
S30-T23 434.5+34.5A 408.6+24.9”4 356+12.28
174.3+3.6
S12-T19 157.245.6% 174.2+4.14 166.3+7.8°
Na* S12-T23 164.5+2.4%8 171.1+8.3% 171.6+3.6"
(mmol LY S30-T19 167.2+3.8Y 169.5+3.8 171.545.4
$30-T23 177.3+7.2™ 176.7+5.8" 172.241.9
5.14+0.72
K* S12-T19 3.95+0.54™8 5.05+0.85" 4.67+0.49"8
(mmol L) S12-T23 4.98+0.78 4.9610.87 4.84+0.37
S30-T19 4.27+0.68% 4.76+0.75 4.560.59
S30-T23 5.05+0.21% 4.65+0.58 4.81+0.59
1.31+0.43
Ca' S12-T19 1.14+0.23 1.05+0.22 1.00+0.32"
(mmol L) S12-T23 1.07+0.29 1.09+0.53 1.13+0.43
S30-T19 1.26+0.31 1.0440.41 1.12+0.38
S30-T23 0.90+0.33 1.1740.35 1.02+0.29
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Table 4: Blood pH, pCO; and HCO3 (mean + SD) from juvenile cobia Rachycentron
canadum (n=9) after 8 h of transport at different salinity and temperature levels (S12-
T19, S30-T19, S12-T23 and S30-T23). Different lowercase letters indicate significant
differences (p<0.05) among treatments at each time interval, and different capital letters
indicate significant differences (p<0.05) for the same treatment at different time
intervals, as indicated by one-way ANOVA and Tukey’s test. Asterisks (*) indicate
significant differences (p<0.05) when compared to values Before Transport, as

indicated by Dunnett test.

Blood SXT Before transport Time after transport (h)
Control 0 2 24
7.18+0.07
pH S12-T19 7.55+0.05™4 7.09+0.09° 7.13+0.08°
S12-T23 7.54+0.079 7.18 +0.09° 7.16+0.09°%
$30-T19 7.46+0.07 % 7.09+0.09° 7.18+0.09°
S30-T23 7.62+0.06™4 7.20+0.098 7.14+0.098
15.2+2.18
pCoO, S12-T19 43.1+8.5YA 13.9+4.8° 10.1+2.08
(mm Hg) S12-T23 65.8+10.1™4 11.2+3.48 10.3+2.1°
S30-T19 44.4+9.5A 9.741.38 10.1+2.78
$30-T23 59.3+10.174 14.2+4.68 10.6+2.6°
5.7+0.6°
HCOy S12-T19 37.3+7.274 4.2+41.3%8 3.5+1.1°
(mmol L) S12-T23 56.245.5" 4.1+1.39® 3.7+0.8°
S30-T19 31.3+2.6™4 3.0+0.6"® 3.8+0.9%
S30-T23 61.3+13.97A 5.8+2.6%8 3.6+0.6°
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Transport of juvenile cobia Rachycentron canadum: effects of salinity and

temperature

Highlights

o Cobia transported in closed system for 8 h presented no mortality at an isosmotic

condition, neither at 19 nor at 23°C.

o However, at a hyperosmotic medium, mortality reached 1.2 % at 19°C and 7.4%
at 23°C.
o Homeostase was restored after 24 h from transport.
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Capitulo 3

Anesthesia and transport of juvenile cobia Rachycentron canadum using menthol

Artigo submetido a revista Journal of Applied Ichthyology.

83



Summary

This study determined the lowest effective concentration of menthol as anesthetic and
also its suitability to minimize stress during transport of juvenile cobia Rachycentron
canadum. Efficacy of menthol as anesthetic was tested at three concentrations: 35, 45,
and 55 mg L™. Regarding the use of menthol to improve overall conditions of cobia
during transport, they were transported for 8 h at three concentrations (0, 2.25, and 5.50
mg L™) at a density of 26 g L™. Mortality was not observed in both tests. Full anesthesia
was achieved in less than 3 min and cobia recovered within 4 min when menthol
concentration was 55 mg L™. For transport, there were no significant differences for
water quality parameters using menthol. Blood glucose was elevated for fish transported
with or without anesthetic on arrival. However, after 24 h, glucose had returned to
control levels in all treatments. According to these results, menthol is recommended to
anesthetize juvenile cobia at 55 mg L™, however its use during transport is not

necessary, since the immediate stress response was not mitigated.

1 INTRODUCTION

The use of anesthetics is widespread in aquaculture practices to mitigate stress
responses due to fish management, including weight/length measurement, tagging,
blood sampling, vaccination, artificial reproduction, and transportation (Zhao et al.,
2014). The ideal anesthetic should induce deep anesthesia within 3 min. and fish should
recover normal swimming behavior in less than 5 min (Marking & Meyer, 1985). MS-
222 and eugenol were tested for small (5-14 g) and large (297 g) cobia Rachycentron
canadum, and the suggested concentrations to anesthetize the smallest were 60 mg MS-

222 ! and 20 mg eugenol L™, while 150 mg MS-222 L™ and 60 mg eugenol L™ were
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recommended for the largest (Gullian & Villanueva, 2009; Trushenski, Bowzer,
Bowker, & Schwarz, 2012).

Menthol is the main component of the essential oil extracted from plants of the
genus Mentha, and it is an important commaodity for pharmaceutical and food industry
(Eccles, 1994). Due to its anesthetics properties, acting by a voltage-dependent block of
neuronal sodium channels and modulating GABAA (gamma-Aminobutyric acid)
receptors, menthol has been used for marine invertebrates and fish anesthesia (Kasali,
Hososhima, & Yun-Fei, 2014). Menthol is classified as a topical analgesic for humans
by Food and Drugs Administration (FDA-USA), however its use has not been
regularized for use in food fish (Eccles, 1994; Trushenski et al., 2013). Recently,
menthol has been used as a fish anesthetic for several species like Nile tilapia
(Oreochromis niloticus), Japanese medaka (Oryzias latipes) and fat snook
(Centropomus parallelus) (Simbes & Gomes, 2009; Kasai et al., 2014; Sepulchro,
Carvalho, & Gomes, 2016), but its use has not been evaluated for cobia yet.

Fish transport is a stressful activity. It can induce several physiological and
behavioral responses, leading to death if preventive measures are not applied, including
the use of proper stocking density, adequate water quality (Golombieski, Silva,
Baldisserotto, & Silva, 2003). Anesthetics have also been considered to minimize stress
responses during fish transport, among them MS-222 (Zhao et al., 2014), benzocaine
and eugenol (Navarro et al., 2016), lidocaine (Park et al., 2009), and the essential oils of
Lippia alba (Becker et al., 2012), Ocimum gratissimum (Benovit et al. 2012), and
Spilantes acmella (Barbas, Stringhetta, Garcia, Figueiredo, & Sampaio, 2016) have
been used successfully. However, the responses to the use of anesthetics during

transport can be varied. The essential oil of Aloysia gratissima (90 and 130 mg L™)
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caused mortality of juvenile flounder Paralichthys orbignyanus transported for 7 h
(Benovit et al., 2012).

Cobia weighing 1.5 — 3 g have been transported with different densities,
temperatures and salinities (Colburn, Walker, Berlinsky, & Nardi, 2008; Stieglitz,
Benetti, & Serafy, 2012). However, Liao et al. (2004) suggested that cobia ought to
weigh at least 30 g prior to be stocked in cages. Pedron et al. (2016) transported cobia
weighing 30 g with benzocaine (0, 2, and 6 mg L™) and no benefits were observed. In
fact, fish presented elevated stress responses when this anesthetic was employed.
Therefore, the aim of this study was to determine the minimum effective concentration
of menthol as anesthetic for juvenile cobia and to evaluate its effectiveness on reduction

of the stress responses during transport of juvenile cobia (> 30 g) in a closed system.

2 MATERIALS AND METHODS

2.1 Animals

Juvenile cobia were reared at the Laboratory of Marine Fish Culture (Federal
University of Rio Grande — FURG) where these experiments were performed. They
were obtained from a natural spawning and then reared in a recirculating aquaculture
system (RAS). After weaning, cobia were maintained at 26.5°C and salinity 30 g L™,
while fed twice daily with a commercial diet, containing 57% crude protein and 14.5%
lipid (NRD, INVE, Grantsville, UT, USA). The Ethical and Animal Welfare Committee
of the Federal University of Rio Grande — FURG approved the experiments (Certificate

number P073/2016).
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2.2  Experiment 1: Determining the lowest effective concentration of menthol
for cobia

The efficacy of menthol as anesthetic for cobia was tested at three
concentrations: 35, 45, and 55 mg L™. A stock solution was prepared using menthol
crystals (Vetec Quimica Fina Ltda., Brazil) by dissolving its content in 96% ethanol, in
a proportion of 1:9 (menthol:ethanol, v:v).

Fish (46.3£7.7 g; 21.1+1.7 cm) were fasted for 24 h before the trial. The test was
carried out in two 40 L glass aquaria, filled with seawater at a temperature of 26.5°C
and salinity 30 g L™, which were kept constant throughout the experiment. Ten fish
were evaluated for each concentration and the water was exchanged for every
concentration of each anesthetic. The times of induction and recovery from anesthesia
were recorded with a stopwatch and were characterized according to Park et al. (2008)
with modifications (Table 1).

Another nine fish (per concentration) were anesthetized until stage A3 was
achieved using the same menthol concentrations described above. A negative control,
where fish were exposed to 0.48 ml ethanol L™ (the volume used with the highest
menthol concentration) for 3 min was also used. Anesthetized and ethanol-exposed fish
were transferred to 50 L tanks filled with anesthetic-free water and blood samples were
collected after 1 and 24 h from anesthesia. Blood was also collected from fish sampled
from the original holding tank, called the Pre-Anesthesia group. Fish were carefully
collected from their tanks and for blood sampling they were not anesthetized. This
procedure did not take longer than 30 s. Glucose was measured with a portable
glucometer (AccuCheek Advantage, Roche Diagnostics®, Germany) and hematocrit
was determined by centrifuging the blood for 10 min at 16,128 x g (Hematocrit

Centrifuge H-240, Hsiang Tai Machinery Industry CO., Taiwan).
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2.3  Experiment 2: Transport of cobia using menthol

Fish (44.0£8.4 g; 20.6£1.4 cm) were fasted for 24 h before transport. Juvenile
cobia were placed in 18 polyethylene bags (nine bags were used for each treatment).
Each bag (60 L total volume) was filled with 10 L of water, 20 L of oxygen and 1 g L™
of NaHCO;3 (pH buffer). The menthol concentrations used for transport were based on
the results of the Experiment 1, where the lowest effective concentration was 55 mg L™.
The treatments were 5 and 10% of 55 mg L™ (2.25, and 5.5 mg L™) plus a group
transported without anesthetic.

The stocking density during transport was 26 g L™. The salinity was reduced to
12 g L™ to keep cobia close to an isosmotic condition (Burkey, Young, Smith &
Tomasso, 2007; Stieglitz et al., 2012). The bags were packed in styrofoam boxes to
maintain the temperature stable throughout the transport (18.4 £ 0.1°C). Temperature in
the RAS was reduced to 19°C within the last 3 h (2.5°C per hour), before fish were
packed to reduce fish metabolism (Colburn et al., 2008). The boxes were then
transported by truck for 8 h. Three extra bags filled with water and oxygen (Without
Fish) were packed and used as controls for water quality.

On arrival, water quality parameters were measured in all bags. Temperature and
O, concentration were measured with an oximeter YSI Model 550A meter (Yellow
Springs Instruments, Yellow Springs, OH, USA) and the pH was measured with a pH
meter FE20-FiveEasy™ (Mettler Toledo, Switzerland). Alkalinity was measured
following APHA (1999) and CO, concentration was calculated with the software CO,
Analysis Salt® (Timmons & Ebeling, 2010). TAN was determined accordingly to
Solorzano (1969) and NH3-N concentration was calculated using the equations of

Ostrensky, Marchiori, & Poersch (1992) adapted from Whitfield (1974).
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Blood of the Control group (n=9) was sampled just before fish were packed. The
blood of three fish sampled from three bags per treatment was collected immediately on
arrival (0 h), and fish from the remaining bags were placed in recovering tanks (one
tank for each bag) filled with 50 L of water (salinity: 12 g L™; 23°C) for blood
collection at 24 h after transport. Blood was collected from the caudal vein with a
heparinized syringe (1 mL). Blood parameters were evaluated using I-STAT Portable
Clinical Analyzer (Abbott Laboratories, Chicago, IL, USA). The I-STAT analyzer was
used with a CG8" cartridge measuring glucose, hematocrit, hemoglobin, pH, partial gas
pressure of CO, (pCO,), displaying calculated values of blood bicarbonate (HCOj3).
Values for pCO, and HCO3™ were corrected to the experimental temperature according
to the manufacturer’s specifications. The efficacy of I-STAT measurements has been
proved for cobia (Rodrigues, Pedron, Romano, Tesser, & Sampaio, 2015) and other fish
species (Kristensen, Rosseland, Kiessling, Djordevic, & Massabau, 2010; Barbas et al.,

2016).

2.4  Statistical analyses

All parameters were analyzed by one-way ANOVA, followed by Tukey test
when significant differences were observed. Dunnett test was applied to identify data
points that were significantly different from Control levels for blood parameters. All
analyzes were performed with a minimal significant level of p<0.05. All values were

presented as mean and standard deviation.

3 RESULTS

3.1  Experiment 1: Determining the lowest effective dose of menthol for cobia
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There was no mortality during the experiment. All fish reached the three stages
of anesthesia and recovery (Table 2). For induction time, fish exposed to 35 mg L™ took
a longer period to reach stage Al. Stage A3 was not reached within the 3 min limit for
cobia exposed to 35 and 45 mg L™, only fish anesthetized with 55 mg L™ reached stage
A3 within the established time. For recovery, there was no significant difference among
concentrations on time to reach all stages. Independent of concentration, all fish
resumed swimming within the 5 min limit.

The blood parameters are shown in Table 3. After 1 h recovering from
anesthesia, blood glucose in all treatments was significantly higher than Pre-anesthesia
fish (p<0.05), except for those exposed to ethanol alone. After 24 h, glucose were back
to the Pre-anesthesia level in all menthol concentrations (p>0.05). There was no

significant difference for hematocrit among treatments (p>0.05).

3.2  Experiment 2: Transport of cobia using menthol

All fish survived throughout the transport.

Water quality parameters after 8 h of transport are shown in Table 4. Dissolved
oxygen concentration at all treatments was significantly lower than the treatment
Without Fish (p<0.05). On the other side, CO, concentrations were significantly higher
in all treatments compared to Without Fish (p<0.05). There was no significant
difference among treatments for alkalinity (p>0.05). After transport, there was no
significant difference for pH among treatments (p>0.05), nevertheless pH levels were
significantly lower than control at 0 and 5.50 mg L™ (p<0.05). Ammonia (TAN and
NH;3-N) significantly increased after fish transport (p<0.05), but there was no significant

difference among cobia transported with or without menthol (p>0.05).
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Glucose, hematocrit, hemoglobin, and pO, are shown in Table 5. On arrival,
blood glucose of juvenile cobia was significantly higher than Before Transport
(P<0.05). Blood glucose peaked 4 fold for juvenile cobia transported at 5.5 mg menthol
L. However, blood glucose returned to Control levels independent on the use of
anesthetic or not 24 h after transport. Hematocrit and hemoglobin were also higher on
arrival, and remained above Before Transport after 24 h (p<0.05), except for fish
transported without anesthetic, which returned to the levels of Before Transport
(p>0.05). On arrival, pO, concentrations were different from Before Transport, except
for fish at 2.25 mg menthol L™ however all treatments presented lower pO,
concentrations after 24 h, not returning to control levels.

Blood pH, pCO, and HCO3" are presented in Table 6. Significant alkalosis was
observed immediately after transport, returning to Control levels only at 2.25 mg
menthol L. Increased levels were observed for pCO, and HCO5 right after transport,

however all treatments were similar to Control after 24 h (p>0.05).

4 DISCUSSION

Fish welfare has received a great interest lately, and the study of anesthetics is an
important topic, due to its ability to reduce stress response and injuries during common
aquaculture practices or even during surgical interventions (Sneddon, 2012). In this
study, cobia reached the final anesthesia stage in less than 3 min. only at 55 mg L™.
Regarding recovery, all fish had resumed normal swimming behavior before 5 min.,
independent of menthol concentrations. The most effective concentration for short time
handling fat snook C. parallelus (1.6 g) is 37 mg menthol L™, and 50 mg menthol L™ is
recommended for surgical interventions (Sepulchro et al., 2016). Further on, to Nile

tilapia O. niloticus (14 g), concentrations between 150 and 200 mg menthol L™ were
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effective and safe to induce anesthesia for handling procedures (Simdes & Gomes,
2009). Indeed, size/weight and fish species are factors that may affect the efficacy of an
anesthetic (Ross & Ross, 2008).

Blood glucose has regularly been used as an indicator of stress in fish
(Wendelaar Bonga, 1997), including cobia (Trushenski, Schwarz, Takeuchi, Delbos, &
Sampaio, 2010). In this study, all concentrations of menthol caused an increase in
glucose levels after 1 h from anesthesia. Nevertheless, after 24 h glucose levels were all
similar to Pre-anesthesia. Due to hypoxia, anesthetized fish usually release
catecholamines, and blood glucose rises as a consequence (Wendelaar Bonga, 1997), as
seen in this study. This pattern was also observed for several anesthestics with different
species, like MS-222, eugenol and benzocaine for cobia (Trushenski et al., 2012), clove
oil for kelp grouper Epinephelus bruneus (Park et al., 2008) and MS-222 and clove oil
for rainbow trout Oncorhynchus mykiss (Velisek et al., 2011).

Sedation during live fish transport can be a positive way to reduce fish
metabolism, by reducing stress response and consequently maintaining good water
quality, for short, or even long journeys (Ross & Ross, 2008). Closed systems
(polyethylene bags filled with water and oxygen) have some limitations, as the build up
of ammonia and CO,, coupled to depletion of oxygen along transport (Golombieski et
al., 2003).

In the present study, no mortality was found for cobia transported with or
without menthol for 8 h. The use of pH buffers as sodium bicarbonate is encouraged
because acid water could be lethal for fish during transport (Treasurer, 2012). The use
of 1 g NaHCO; L™ in this study was able to keep water pH levels above 7.47,

considered safe for cobia. According to Rodrigues et al. (2015), only an acute exposure
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to pH level below 6.5 could negatively affect cobia physiology and induce
histopathology.

Oxygen transport to tissues can be reduced when CO; levels in the water are
higher than 40 mg L™, which could induce hypercapnia, reducing the hemoglobin
oxygen carrying capacity (Wedemeyer, 1996). In the present study, CO; levels during
fish transportation did not differ among treatments, and the highest value was 28.8 mg
CO, L for cobia transported without anesthetic, lower than the upper limit (40 mg L™).
On the other hand, 13 mg CO, L™ was the highest CO, concentration found for cobia
transported for 8 h in a density of 10 g L™ with 2 mg benzocaine L™ (Pedron et al.,
2016). These results could elucidate the important relationship between stocking density
and the release of CO, during transportation.

The acute toxic concentration (LCso-96h) of ammonia to juvenile cobia is 1.13
mg N-NH; L?, or approximately 38.5 mg TAN L™ (Rodrigues, Schwarz, Delbos, &
Sampaio, 2007), then ammonia concentrations were within the safe level for cobia.
Menthol was not able to reduce ammonia excretion for cobia, as total ammonia was
similar for cobia transported with or without anesthetic, that reached 4.37 mg TAN L*
at 5.5 mg menthol L™. The same was observed for fat snook C. parallelus transported
with menthol (0, 3.7, and 7.4 mg L) for 10 h (16 g L™), TAN values ranged from 3 to 6
mg TAN L™, suggesting menthol did not reduce metabolism of fat snook (Sepulchro et
al., 2016).

Blood glucose peaked immediately after transport for all treatments, but they all
were reduced after 24 h, reaching levels similar to Before Transport. Largemouth
bronze gudgeon Coreius guichenoti transported for 14 h on a MS-222 bath (30 mg L™)
also presented higher glucose levels after transport, although fish transported without

anesthetic recovered after 4 h and fish transported with MS-222 recovered only seven
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days later (Zhao et al., 2014). Anesthetics are used during transport to reduce
metabolism and minimize the stress responses (Park et al., 2009; Becker et al., 2012;
Benovit et al., 2012; Barbas et al., 2016; Navarro et al., 2016). Nonetheless, some
studies indicate that an anesthetic itself could stimulate a higher stress response (Velisek
et al., 2011; Pedron et al., 2016). Glucose levels of cobia were higher in the highest
menthol concentration after transport, thus suggesting a possible stress induction due to
the presence of menthol.

Fish submitted to stress are likely to have a higher hematocrit percentage owed
to erythrocyte swelling and spleen contractions, which leads to an increase in
hemoglobin concentration (Wendelaar Bonga, 1997). The hematocrit percentage and
hemoglobin concentration were higher than Control for all treatments at 0 and 24 h after
transport, except for cobia transported without anesthetic, that returned after 24 h.
Pedron et al. (2016) transported cobia with benzocaine (2 and 6 mg L™) for 8 h and no
differences were found among treatments for hematocrit. Hematocrit and hemoglobin
have been widely measured as a stress secondary response for fish, however these
responses seem to diverge depending on acute or chronic exposure to the stressor. Both
hematocrit and hemoglobin are more likely to be affect in chronic stress conditions
(Wandellar Bonga, 1997). However, the acute stress situation, fish showed an increase
in hematocrit and hemoglobin when menthol was added and were not capable to recover
to the basal levels after 24 h, indicating that cobia needs more time to fully recover. A
result that corroborates with the increase in these hematological parameters is the
decrease in blood pO, concentration after transport (0 and 24 h). Although the
environment in the plastic bag had been in hyperoxia, blood pO, was reduced after
transport and it did not recover within 24 h, and this could be related to the increased

blood pCO,. A heightened pCO, was observed in the blood after transport. The energy
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expenditure to maintain homeostasis in stress situations results in increased oxygen
consumption, which leads to a CO; release in the blood, exposing fish to Root and Bohr
effect (Wendelaar Bonga, 1997; Claiborne, Edwards, & Morrison-Shetlar, 2002). Thus,
hematocrit and hemoglobin levels tend to increase attempting to keep the transport of
blood gases, since the blood oxygen carrying capacity is impaired due to the higher
blood CO; levels (Claiborne et al., 2002). Petochi et al. (2011) observed the same
pattern for European sea bass Dicentrarchus labrax (202 g), where blood pO, decreased
and hematocrit and hemoglobin levels increased when fish were exposed to
hypercapnia.

Reactions catalyzed by the enzyme carbonic anhydrase are responsible for CO;
excretion and acid-base regulation. So, considering a hypercapnia situation, the
absorption of bicarbonate is the main factor for pH recovery in marine teleosts
(Claiborne et al., 2002). In this study, blood CO, levels were higher after transport,
likewise pH and HCOj3". That was in accord with Salbego et al. (2015) that transported
silver catfish R. quelen for 6 h with methanolic extract of Condalia buxifolia (5 and 10
mg L?) and also found a hypercapnia condition after transport, but blood HCO5
increased in order to compensate the higher CO; levels and avoid reducing blood pH.

According to the results of the present study, menthol (55 mg L) is an effective
anesthetic for cobia, inducing deep anesthesia safely. However, adding menthol up to
5.5 mg L™ when transporting cobia in a closed system does not mitigate the stress
responses, actually there is even an immediate higher stress response, compared to
transport without the anesthetic. Nevertheless, it is safe to transport cobia at a stocking

density up to 26 g L™ for 8 h in a closed system at 18.5°C, as 100% survival is obtained.
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Tables:

Table 1: Stages of anesthesia induction and recovery in menthol efficacy tests for

juvenile Rachycentron canadum. Modified from Park et al. (2008).

Stages Characteristic behavior

Induction

Al Loss of equilibrium (sedation)

A2 Swimming stopped (deep anesthesia)
A3 Erratic opercular movement
Recovery

R1 Normal opercular movement

R2 Swimming restarted

R3 Equilibrium recovered
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Table 2: Anesthesia induction and recovery times (in seconds: mean + SD) of juvenile
cobia Rachycentron canadum (n=10) exposed to three concentrations of menthol.
Different letters indicate significant differences among treatments for each stage, as

indicated by one-way ANOVA and Tukey’s test.

Menthol  Induction time (s) Recovery time (s)
(mg L™

Stage A1 Stage A2 Stage A3 Stage R1  Stage R2  Stage R3
35 378" 149+31% 266+68" 12415 115+52 223+69
45 29+5Y 149 £27* 254+48" 17419 137464 236168
55 24+3Y 90+11Y 165+24Y 36+45 149+81 243+99
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Table 3: Glucose levels and hematocrit percentage for juvenile cobia Rachycentron
canadum (n=9) anesthetized with different concentrations of menthol at 1 and 24 h after
anesthesia. Different lowercase letters indicate significant differences (p<0.05) among
treatments at each time interval, and different capital letters indicate significant
differences (p<0.05) for the same treatment at different time intervals, as indicated by
one-way ANOVA and Tukey’s test. Asterisks (*) indicate significant differences

(p<0.05) when compared to values Before Transport, as indicated by Dunnett test.

Blood Menthol (mg L™)  Pre- Time after anesthesia (h)
parameter anesthesia
1 24
43.6+11.9
Glucose 35 89.1+20.7*  43.0+6.0°
(mg dL™) 45 119.1+30.274  42.0+7.4°
55 123544137 36.2+4.7°
0.48 ml ethanol L™ 64.0+11.6" 39.1+5.2°
26.8+3.7
Hematocrit (%) 35 30.5£3.9 27.1+4.2
45 28.6+6.6 25.8+4.3
55 29.445.3 24.7+4.0
0.48 ml ethanol L™ 24.0+4.3 25.8+4.3
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Table 4: Water quality parameters (mean + SD) measured immediately after 8 h of

transport of juvenile cobia Rachycentron canadum using menthol. Different letters

indicate significant differences among treatments, as indicated by one-way ANOVA

and Tukey’s test. DO (Dissolved Oxygen) = mg O, L™; Alkalinity = mg L™ as CaCOs;

CO,=mg CO, L™ TAN = mg L™ NH,* + NH3; NH3-N = mg NH5-N L™,

Parameters Menthol (mg L™)

Without Fish 0 2.25 5.50
DO 22.26 + 1.04 15.49 + 3.21Y 13.83 +2.85" 15.67 +1.42Y
CO; 7.00 + 0.00” 28.80 + 2.39" 26.66 + 3.44" 28.66 + 2.73"
Alkalinity ~ 678.88+9.27  672.00+9.1Y 675.00+3.16”  673.33+10.32"
pH 8.05 + 0.01* 7.47 £0.04Y 7.51 + 0.06” 7.47 £ 0.05
TAN 0.09 + 0.06” 4.31 +0.41% 4.09 + 0.50% 4.37 +0.33"
NH3-N 0.003+0.002°  0.037+0.016" 0.044+0.006*  0.043+0.004"
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Table 5: Glucose, hematocrit, hemoglobin and pO, (mean + SD) from juvenile cobia

Rachycentron canadum (n=9) transported with menthol. Different lowercase letters

indicate significant differences (p<0.05) among treatments at each time interval, and

different capital letters indicate significant differences (p<0.05) for the same treatment

at different time intervals, as indicated by one-way ANOVA and Tukey’s test. Asterisks

(*) indicate significant differences (p<0.05) when compared to values Before Transport,

as indicated by Dunnett test.

Blood Menthol Before After Transport
parameter (mg L™ Transport
Control Oh 24 h
64.2+22.5
Glucose 0 171.4427.1YA  48.7+10.0°
(mg dL™) 2.25 184.177. 779"  49.9+255°
5.50 258.0+73.4"  49.5+16.6°
21.7+3.4
Hematocrit (%) 0 29.1+3.2" 26.7+5.3
2.25 30.4+3.4" 28.0+5.6"
5.50 32.6+3.2 32.1+3.5
7.4+1.2
Hemoglobin 0 9.9+1.1° 9.1+1.8
(mmol L™) 2.25 10.4+1.3" 10.4+2.3"
5.50 11.1+1.17 10.9+1.2"
7.5+4.1
pO; 0 4.6+1.6 4.1+2.9
(mm Hg) 2.25 4.8+1.2% 3.0£1.2°°
5.50 41+1.0" 2.5+1.4°8
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Table 6: Blood pH, pCO; and HCO3™ (mean = SD) from juvenile cobia Rachycentron

canadum (n=9) transported with menthol.

Different

lowercase

letters indicate

significant differences (p<0.05) among treatments at each time interval, and different

capital letters indicate significant differences (p<0.05) for the same treatment at

different time intervals, as indicated by one-way ANOVA and Tukey’s test. Asterisks

(*) indicate significant differences (p<0.05) when compared to values Before Transport,

as indicated by Dunnett test.

Blood Menthol Before After Transport
parameter (mg L™ Transport
Control Oh 24 h
7.0£0.1
pH 0 7.5¢0.1%" 7.2+0.1"°
2.25 7.5¢0.1" 7.2+0.2°
5.50 7.5¢0.17" 7.2¢0.1°°
5.5+0.6
HCOs 0 27.7+4 54 7.6+0.8®
(mmol L™) 2.25 31.6+4.1™*  6.5+0.6"°
5.50 34.9£3.574 7.1+1.008
20.3+2.8
pCO, 0 38.4+7.4°A 17.8+4.4°
(mm Hg) 2.25 39.8+45 " 18.7+5.2°
5.50 41.9+4.8™ 19.7+2.8°
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Capitulo 4

Tricaine Methanesulphonate (MS-222) and Eugenol as Anesthetics for Juvenile Cobia

Rachycentron canadum

Artigo submetido a revista Aquaculture International.
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Abstract

This study evaluated the use of MS-222 and eugenol as anesthetics for juvenile cobia
Rachycentron canadum. Cobia were anesthetized at four concentrations of MS-222 (60,
80, 100, and 120 mg L™) and eugenol (20, 30, 40, and 50 mg L™) to observe induction
and recovery times. After that, fish were exposed to the three higher concentrations until
deep anesthesia was achieved. Then, blood samples were collected after 1 and 24 h of
recovery to measure glucose, osmolality and hematocrit. Pre-anesthesia status was also
assessed. All fish achieved anesthesia within 3 min and recovered in less than 5 min,
except those at 60 and 80 mg MS-222 L™ and at 20 eugenol L™, which took longer to be
anesthetized. Hyperglicemia was observed at all treatments after 1 h, although after 24 h
all fish had returned to Pre-anesthesia levels. Hematocrit was unaltered for both
anesthetics. Osmolality was also similar for all treatments 24 h after anesthesia.
Therefore, MS-222 at 100 mg L™ and eugenol at 30 mg L™ were considered safe and

effective concentrations and the best cost-benefit for juvenile cobia.

Running head: MS-222 and eugenol for cobia

Keywords: Anesthesia. Blood parameters. Rachycentridae. Stress response. Welfare.
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Introduction

Anesthetics are currently used in the management of modern aquaculture during
procedures such as transport, blood sampling, weight/length measurements, surgery,
vaccination and other practices in order to facilitate handling and minimize the
physiological stress responses in fish (Weber 2011). Among these responses, there are
changes in plasma cortisol and catecholamines as a primary response. These effects
induce secondary responses related to energy requirements, such as increased blood
glucose levels and hemoglobin concentration, besides disturbance in the hydromineral
balance. The tertiary response is related with the organism and population changes due
to stress, having as consequences reduced growth, impaired reproduction and immune
response, and may even lead to mortality (Wendelaar Bonga 1997; Bolasina 2006).

In order to minimize the stress response for fish while handling them, it is
important to choose an anesthetic considering: product efficacy, cost, market
availability, and ease and safety in handling (Marking and Meyer 1985). Furthermore, it
is necessary to know the optimal concentration of an anesthetic, because inappropriate
doses can cause mortality (Roubach et al. 2005).

Tricaine methanesulphonate (MS-222) is a synthetic local anesthetic and its
effect is provided by the suppression of the nervous system, blocking the sodium
neuronal channels, thus decreasing the nerve excitability (Carter et al. 2011). MS-222 is
the only anesthetic approved for food fish by the Food and Drug Administration (FDA —
USA) and Health Canada, but fish can only be consumed 21 days after being exposed to
this anesthetic (Meinertz and Schreier 2009; Trushenski et al. 2013).

Eugenol is the active ingredient of clove oil, which is extracted from the stem,

leaves and flowers of the Syzygium aromaticum tree (Javahery et al. 2012). Eugenol has
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a combined effect with neurotransmitters implicated in pain, activating GABAAa
(gamma-Aminobutyric acid) and inactivating glutamate, which acts on N-metil-d-
aspartate (NMDA\) receptors. This anesthetic also blocks vanilloid receptors that are
responsible for pain transmission (Yang et al. 2003; Guénette et al. 2007). Eugenol is
FDA approved for use in humans, being used as an anesthetic in medicine and dentistry
(Cho and Heath 2000). Nevertheless, it is not approved for food fish, although it can be
used under Investigational New Animal Drug (INAD) authorization (Trushenski et al.
2013).

Cobia, Rachycentron canadum, is a coastal, pelagic and migratory fish that is
widely distributed in the tropical and subtropical oceans, except on the Pacific and
Atlantic European coast (Shaffer and Nakamura 1989). Cobia is produced mainly in
Asia, but also in the Americas (Liao et al. 2004; Benetti et al. 2010; Sampaio et al.
2011), reported worldwide production is around 40,000 ton (FAO 2016). Despite the
growing interest in its culture, there are few studies about stress responses for cobia in
captivity (Cnaani and MacLean 2009; Trushenski et al. 2010; Trushenski et al. 2012).
Eugenol and MS-222 have already been used as anesthetics for small (5-14 g) and large
(297 g) cobia. Suggested concentrations to anesthetize small cobia at low temperature
(23°C) was 60 mg MS-222 L™ and 20 mg eugenol L™ (Gullian and Villanueva 2009).
Larger cobia, at a higher temperature (27°C) were anesthetized on 150 mg MS-222 L™
and 60 mg eugenol L™ (Trushenski et al. 2012). Therefore, the aim of this study was to
determine the lowest effective concentrations of MS-222 and eugenol as anesthetics for
juvenile cobia (50 g), evaluating time to reach and recover from anesthesia, plus

measuring secondary stress responses associated to the use of both anesthetics.

Materials and methods
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Animals

Juvenile cobia (1 g) were obtained from a commercial hatchery and were reared
in a recirculating aquaculture system (RAS) at the Laboratory of Marine Fish Culture
(Federal University of Rio Grande - Brazil) until they were used in the trials. They were
fed twice per day with a commercial diet, containing 57% crude protein and 14.5% lipid
(NRD, INVE, Grantsville, UT, USA). Temperature was 26.5°C and salinity 30 g L™

The experiments were approved by Ethical and Animal Welfare Committee of

the Federal University of Rio Grande — FURG (Certificate number 020/2014).

Determining the lowest effective concentration of MS-222 and eugenol for cobia

The anesthetics used were MS-222 (Western Chemical Inc., Washington, USA)
and eugenol (Biodinamica, Brazil). Their efficacy was tested at four concentrations, as
follows: MS-222 (60, 80, 100, and 120 mg L) and eugenol (20, 30, 40, and 50 mg L™).
Both anesthetics were prepared just before the experiments. Soluble in water, MS-222
was diluted directly in the aquarium and buffered with 1 g NaHCOs L™. Eugenol is not
soluble in water, therefore a stock solution was prepared by dissolving its content in
ethanol (96%), in a proportion of 1:9 (eugenol:ethanol, v:v).

Fish (53.6£9.4 g; 21.2+1.1 cm) were fasted 24 h before the trials and were
exposed individually (n=10) at each concentration. Tests were carried out in 40 L glass
aquaria filled with seawater (temperature 26.5°C and salinity 30 g L™). Water was

exchanged for every concentration of each anesthetic. Once fish reached the deep

111



anesthesia stage, it was gently transferred to an anesthetic free aquarium in order to
observe its recovery.

The stages of induction and recovery from anesthesia are described in Table 1.
They were characterized and modified according to Park et al. (2008).

Table 1.

Evaluating secondary stress responses

The anesthesia procedures were the same as explained above. Three
concentrations of each anesthetic were chosen to evaluate the secondary stress response:
80, 100, and 120 mg MS-222 L™ and 30, 40, and 50 mg eugenol L. All blood samples
were collected not exceeding 30 s after fish were captured. The Pre-anesthesia status of
cobia was assessed in undisturbed and non-anesthetized fish. Cobia were also exposed
to 0.43 mL ethanol L™ (the volume used with the highest eugenol concentration), for a
period not exceeding 3 min (Marking and Meyer 1985). Fish were then transferred to 50
L tanks filled with anesthetic-free water and blood samples were collected 1 and 24 h
after anesthesia to measure glucose, hematocrit and osmolality. Those fish were not
anesthetized right before sampling to avoid anesthetic interference in the stress
responses. Glucose was measured with a portable glucometer (AccuCheek Active,
Roche Diagnostics®, Germany) and hematocrit was determined centrifuging blood for
10 min. at 16,128 x g (Hematocrit Centrifuge H-240, Hsiang Tai Machinery Industry
CO., Taiwan). Blood was centrifuged (10,192 x g) for 10 min. (4°C) for plasma
osmolality measurements using a vapor pressure osmometer (Vapro 5520; Wescor, Inc.;

Logan, Utah, USA).
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Statistical analyses

Induction and recovery times and blood parameters were analyzed by one-way
ANOVA, followed by Tukey test when significant differences were observed. All

analyzes were performed with a minimal significant level of p<0.05.

Results

Determining the lowest effective concentration of MS-222 and eugenol for cobia

No mortality was observed in this experiment.

Induction and recovery times from anesthesia for cobia exposed to MS-222 and
eugenol are shown in Table 2. All fish survived exposure to MS-222 and eugenol, even
at the highest concentrations tested.

Table 2.

Time to reach stage A1 among fish exposed to MS-222 was similar among all
concentrations tested, except for 60 mg L™, that took a longer to show loss of
equilibrium. Cobia reached stage A3 within 1 min when anesthetized with 120 mg MS-
222 L™, which was over thirteen fold faster than at 60 mg MS-222 L™ (837 s).
Regarding recovery, when fish were anesthetized with 60 mg L™, they already presented
behavioral characteristics of stage R1 when placed in the aquarium. There was no
difference on time between fish exposed to 80 and 100 mg MS-222 L™ to reach all
stages of recovery. However, time to reach stage R3 for fish exposed to 60 and 120 mg
MS-222 L™ (88 and 101 s, respectively) were shorter than at 80 and 100 mg MS-222 L™

(135 and 148 s, respectively).
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For eugenol, deep anesthesia was achieved faster, as the concentration of
eugenol increased, taking 197 s to anesthetize cobia at 20 mg eugenol L™ and 64 s to
anesthetize at 50 mg eugenol L™. Recovery time to stage R1 was similar for cobia
exposed to 20, 30, and 40 mg eugenol L™, all faster than cobia anesthetized at 50 mg
eugenol L™, which took 56 s to reestablish normal operculum movement. However, for

full recovery, there was no difference among eugenol concentrations.

Evaluating secondary stress responses

There was also no mortality in this experiment.

Cobia exposed to MS-222 and eugenol showed hyperglicemia 1h after they were
anesthetized. Glucose reached = 100 mg dL? for cobia anesthetized with MS-222,
concentration similar to that for cobia treated with eugenol (Table 3), independent of the
concentrations tested. However, the glucose peak was higher for cobia exposed to
ethanol alone, it reached 200.4 mg dL® a 2-fold increase compared to cobia
anesthetized with eugenol. Furthermore, after 24 h, glicemia returned to Pre-anesthesia
levels for cobia in all treatments, including those exposed to ethanol.

Table 3.

Hematocrit did not show differences after 1 or 24 h from anesthesia for MS-222
and eugenol. However, there was a transient increase at 30 mg eugenol L™ at 1 h
(32.5%) (Table 4).

Table 4.

Osmolality levels of cobia anesthethized with MS-222 or eugenol were not

different after 1 and 24 h from anesthesia for all concentrations tested. However,

osmolality peaked at (390 mOsm L™) 1 h after exposure to ethanol (Table 5).
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Table 5.

Discussion

Pain perception and long-term suffering has been identified for fish (Sneddon
2003; Braithwaite and Boulcott 2007; Sneddon et al. 2014). Hence, it is important to
understand the role of different anesthetics in fish and describe the changes in
physiological parameters due to their use (Guénette et al. 2007).

In this study, 100 and 120 mg MS-222 L™ and 30, 40, and 50 mg eugenol L™
achieved effectively the assumptions of Marking and Meyer (1985). Roubach et al.
(2005) found 65 mg eugenol L™ to be an efficient concentration to induce anesthesia in
tambaqui Colossoma macropomum. Furthermore, for Solea senegalensis (65 g), the
optimal MS-222 and eugenol concentrations were 75 and 30 mg L™, respectively
(Weber et al. 2009).

According to Ross and Ross (2008), environmental (pH, temperature, salinity,
and mineral content) and biological (genetic, stress, body condition, disease status, sex,
and sexual maturity, size/weight and fish species) factors can affect the efficacy of
anesthetics. Gullian and Villanueva (2009) recommended the use of 20 mg eugenol L™
and 60 mg MS-222 L (23°C) for biometry procedures on juvenile cobia (5 and 14 g).
On the other hand, 150 mg MS-222 L and 60 mg eugenol L (27°C) were
recommended to anesthetize larger cobia (297 g) (Trushenski et al. 2012). In the present
study, intermediate size cobia (54 g) was anesthetized with 30 mg eugenol L™ and 100
mg MS-222 L. Comparing this study with the results of Gullian and Villanueva (2009)
and Trushenski et al. (2012), it is suggested an increase on the ideal concentration of

MS-222 and eugenol for larger cobia. However, it must also be taken in consideration
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that temperatures were also different (23°C) for the smaller cobia. These results
corroborate the importance of an anesthetic evaluation, not only for different species,
but for different size/weight, and temperature, for a given species. For example, the
optimum concentrations to anesthetize pike silverside Menidia estor with benzocaine at
25°C was on the range 15-18 mg L™, while at 15°C the best concentration was 12 mg L
! (Ross et al. 2007). Gomes et al. (2011) anesthetized two classes (3.5 and 150 g) of
silver catfish Rhandia quelen at different eugenol concentrations (20, 30, and 40 mg L™)
and temperatures (15, 23, and 30°C), and observed that fish size and temperature
affected eugenol efficacy: larger fish took longer to reach anesthesia induction, and fish
acclimated to higher temperatures recovered faster for all concentrations tested.

Regarding the time for fish recovery, a common pattern noticed is the increased
recovery time with increasing anesthetic concentration, and that was observed by
Chambel et al. (2015) for three different species (zebrafish Danio rerio, guppy Poecilia
reticulate, and discu Symphysodon discus) anesthetized with MS-222. However, a
fourth species (green swordtail Xiphophorus helleri) presented a different pattern, where
recovery time decreases with increasing MS-222 concentration. This was also verified
for cobia anesthetized with MS-222 at 120 mg L™, as recovery time was similar for
cobia at the lowest concentration (60 mg L™), but faster than those at intermediate
concentrations (80 and 100 mg L™). This apparent contradictory response can be
explained by the lowest time that fish stay in contact with the anesthetic, since they are
anesthetized faster at higher concentrations, thus fish can expel the anesthetic in a
quicker way from the bloodstream (Weber et al. 2009; Chambel et al. 2015).

Fish under stress experience a series of physiological changes, which generates

primary and secondary stress responses, leading to an increase in blood cortisol and
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catecholamines, with consequent increase in glucose, changes in hematological status
and osmoregulation (Wendelaar Bonga 1997; Fagundes and Urbinati 2008).

Glucose is recognized as a stress indicator and hyperglycemia due to the use of
anesthetics has been reported (Sladky et al. 2001; Bolasina 2006). In this study, all
concentrations of both anesthetics and even the use of ethanol (eugenol vehicle) resulted
in increased glucose levels after 1 h from anesthesia. Nonetheless, after 24 h, glucose
levels were all similar to Pre-anesthesia. It is important to note the higher glucose level
for cobia exposed to ethanol alone, while eugenol combined to ethanol prevented a
higher rise in glucose, thus corroborating its anesthetic property. Trushenski et al.
(2012) anesthetized larger cobia with 150 mg MS-222 L™ and 60 mg eugenol L™ and
also found elevated levels of glucose after 1 h from exposition, which was restored to
normal levels after 6 h.

Fish exposed to a stressor are subjected to increased hematocrit percentage due
to a combination of erythrocyte swelling and spleen contractions and is an immediate
response to stress mediated by catecholamines (Tort et al. 2002; Olsen et al. 2005). The
increase of erythrocytes is a strategy to improve the ability to transport oxygen under
stress conditions (Trenzado et al. 2006). In this study, hematocrit increased after
exposure to 30 mg eugenol L™, however it returned to Pre-anesthesia level after 24 h.
The same was observed for red pacu Piaractus brachypomus, which showed higher
hematocrit during anesthesia with different concentrations of MS-222 and eugenol
(Sladky et al. 2001). However, Brazilian codling Urophycis brasiliensis had hematocrit
unchanged after exposure to benzocaine (Bolasina 2006).

Despite significant, the difference in osmolality levels between Pre-anesthesia
and all MS-222 concentrations at 1 and 24 h was minimal. Cobia challenged to air

exposure showed an increase in osmolality after 0.5 h, ranging from 368 mOsm L™
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(Pre-stress) to 394 mOsm L™ (Trushenski et al. 2010). Therefore, osmolality levels after
anesthesia with MS-222 (362 — 368 mOsm L™) were in accordance with the literature
for unstressed cobia. However, cobia exposed to ethanol showed a substantial rise in
osmolality after 1 h (391 mOsm L™). Osmotic unbalance is common for stressed marine
fish, increased osmolality is a typical response, due to increasing passive ion influxes
and water loss, coupled to inhibited active ion exchange (Wendelaar Bonga 1997; Davis
2006). Nonetheless, osmolality for cobia exposed to ethanol was restored to control
levels after 24 h.

Therefore, according to the results of the present study, MS-222 at 100 mg L™
and eugenol at 30 mg L™ are considered the minimum safe and effective concentrations
and were the best cost-benefit anesthetics for juvenile cobia, since time to reach deep
anesthesia and also to recover from it were appropriate. Other than that, the secondary

stress responses were mostly restored 24 h after cobia were anesthetized.

References

Bolasina SN (2006) Cortisol and hematological response in Brazilian codling,
Urophycis brasiliensis (Pisces, Phycidae) subjected to anesthetic treatment.
Aquacult. Int. 14:569-575.

Benetti DD, O’Hanlon B, Rivera, JA, Welch AW, Maxey C, Orhun MR (2010) Growth
rates of cobia (Rachycentron canadum) cultured in open ocean submerged cages in

the Caribbean. Aquaculture 302:195-201.

118



Braithwaite VA, Boulcott P (2007) Pain perception, aversion and fear in fish. Dis.
Aquat. Organ. 75:131-8.

Carter KM, Woodley CM, Brown RS (2011) A review of tricaine methanesulfonate for
anesthesia of fish. Rev. Fish Biol. Fisher. 21:51-59.

Chambel J, Pinho R, Sousa R, Ferreira T, Baptista T, Severiano V, Mendes S, Pedrosa
R (2015) The efficacy of MS-222 as anaesthetic agent in four freshwater aquarium
fish species. Aquac. Res. 46:1582-1589

Cho GK, Heath DD (2000) Comparison of tricaine methanesulphonate (MS 222) and
clove oil anesthesia effects on the physiology of juvenile chinook salmon
Oncorhynchus tshawytscha (Walbaum). Aquac. Res. 31:537-546.

Cnaani A, McLean, E (2009) Time-course response of cobia (Rachycentron canadum)
to acute stress. Aquaculture 289:140-142.

Davis KB (2006) Management of physiological stress in finfish aquaculture. N. Am. J.
Agquacult. 68:116-121.

Fagundes M, Urbinati EC (2008) Stress in pintado (Pseudoplatystoma corruscans)
during farming procedures. Aquaculture 276:112-119.

FAO (2016) Fishery and Aquaculture Statistics. Global capture production 1950-2014
(FishStat]). In: FAO Fisheries and Aquaculture Department (online). Rome.
http://www.fao.org/fishery/statistics/software/fishstatj/en. Cited 17 Jan 2017.

Gomes DP, Chaves BW, Becker AG, Baldisserotto B (2011) Water parameters affect
anaesthesia induced by eugenol in silver catfish, Rhamdia quelen. Aquac. Res.
42:878-886.

Guénette SA, Uhland FC, Helie P, Beaudry F, Vachon P (2007) Pharmacokinetics of

eugenol in rainbow trout (Oncorhynchus mykiss). Aquaculture 266:262—265.

119



Gullian M, Villanueva J (2009) Efficacy of tricaine methanesulphonate and clove oil as
anaesthetics for juvenile cobia Rachycentron canadum. Aquac. Res. 40:852-860.

Javahery S, Nekoubin H, Moradlu AH (2012) Effect of anaesthesia with clove oil in
fish (review). Fish Physiol. Biochem. 38:1545-1552.

Liao IC, Huang TS, Tsai WS, Hsueh CM, Chang SL, Leano EM (2004) Cobia culture in
Taiwan: current status and problems. Aquaculture 237:155-165.

Marking LL, Meyer FP (1985) Are better fish anesthetics needed in fisheries? Fisheries
10:2-5.

Meinertz JR, Schreier TM (2009) Depletion of isoeugenol residues from the fillet tissue
of AQUI-S ™ exposed rainbow trout (Oncorhynchus mykiss). Aquaculture
296:200-206.

Olsen ER, Sundell K, Mayhew TM, Myklebust R, Ringeg E (2005) Acute stress alters
intestinal function of rainbow trout, Oncorhynchus mykiss (Walbaum). Aquaculture
250:480-495.

Park MO, Hur WJ, Im SY, Seol DW, Lee J, Park IS (2008) Anaesthetic efficacy and
physiological responses to clove oil-anaesthetized kelp grouper Epinephelus
bruneus. Aquac. Res. 39:877-884.

Ross LG, Blanco JS, Martinez-Palacios C, Racotta IS, Cuevas MT (2007) Anaesthesia,
sedation and transportation of juvenile Menidia estor (Jordan) using benzocaine and
hypothermia. Aquac. Res. 38:909-917.

Ross LG, Ross B (2008) Anaesthetic and sedative techniques for aquatic animals. 3rd
edn. Blackwell Science, Oxford.

Roubach R, Gomes LC, Fonseca FAL, Val AL (2005) Eugenol as an efficacious
anaesthetic for tambaqui Colossoma macropomum (Cuvier). Agquac. Res. 36:1056-

1061.

120



Sampaio LA, Moreira CB, Miranda-Filho KC, Rombenso AN (2011) Culture of cobia
Rachycentron canadum (L) in near-shore cages off the Brazilian coast. Aquac. Res.
42:832-834.

Shaffer RV, Nakamura EL (1989) Synopsis of biological data on the cobia
Rachycentron canadum (Pisces: Rachycentridae). FAO Fisheries Synopsis 153:
NOAA Technical Report NMFS, pp 1 - 21.

Sladky KK, Swanson CR, Stoskopf MK, Loomis MR, Lewbart GA (2001) Comparative
efficacy of tricaine methanesulfonate and clove oil for use as anesthetics in red
pacu (Piaractus brachypomus). Am. J. Vet. Res. 62:337-342.

Sneddon LU (2003) The evidence for pain in fish: the use of morphine as an analgesic.
Appl. Anim. Behav. Sci. 83, 153-162. Sneddon, L.U., Elwood, R.W., Adamo, S.A.,
Leach, M.C., 2014. Defining and assessing animal pain. Anim. Behav. 97:201-212.

Sneddon LU, Elwood RW, Adamo SA, Leach MC (2014) Defining and assessing
animal pain. Animal Behavior 97:201-212.

Tort L, Puigcerver M, Crespo S, Padrds F (2002) Cortisol and haematological response
in sea bream and trout subjected to the anesthetics clove oil and 2-phenoxyethanol.
Aquac. Res. 33:907-910.

Trenzado CE, Morales AE, Higuera MD (2006) Physiological effects of crowding in
rainbow trout, Oncorhynchus mykiss, selected for low and high stress
responsiveness. Aquaculture 258:583-593.

Trushenski J, Schwarz M, Takeuchi R, Delbos B, Sampaio LA (2010) Physiological
responses of cobia Rachycentron canadum following exposure to low water and air

exposure stress challenges. Aquaculture 307:173-177.

121



Trushenski J, Bowzer JC, Bowker JD, Schwarz M (2012) Chemical and electrical
approaches to sedation of cobia: induction, recovery, and physiological responses.
Mar. Coast. Fish. 4:639-650.

Trushenski J, Bowker JD, Cooke SJ, Erdahl D, Bell T, MacMillan JR, Yanong RP, Hill
JE, Fabrizio MC, Garvey JE, Sharon S (2013) Issues regarding the use of sedatives
in fisheries and the need for immediate-release options. T. Am. Fish. Soc. 142:156—
170.

Weber RA, Peleteiro JB, Martin LOG, Aldegunde M (2009) The efficacy of 2-
phenoxyethanol, metomidate, clove oil and MS-222 as anaesthetic agents in the
Senegalese sole (Solea senegalensis Kaup 1858). Aquaculture 288:147-150.

Weber ES (2011) Fish analgesia: Pain, stress, fear aversion, or nociception? Vet. Clin.
North Am. Exot. Anim. Pract. 14:21-32.

Wendelaar Bonga SE (1997) The stress response in fish. Physiol. Rev. 77:591-625.

Yang BH, Piao ZG, Kim YB, Lee CH, Lee JK, Park K, Kim JS, Oh SB (2003)

Activation of vanilloid receptor 1 (VR1) by eugenol. J. Dent. Res. 82:781-785.

122



TABLES:

Table 1. Stages of induction and recovery from anesthesia efficacy for juvenile

Rachycentron canadum. Modified from Park et al. (2008).

Stages Characteristic behavior

Induction

Al Loss of equilibrium (sedation)

A2 Swimming stopped (deep anesthesia)
A3 Erratic opercular movement
Recovery

R1 Normal opercular movement

R2 Swimming restarted

R3 Equilibrium recovered
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Table 2: Anesthesia induction and recovery times (in seconds: mean + SD) of juvenile

cobia Rachycentron canadum (n=10) exposed to three concentrations of MS-222 or

eugenol. Different letters indicate significant differences (p<0.05) among concentrations

for each anesthetic at each stage of anesthesia/recovery, as indicated by one-way

ANOVA and Tukey’s test.

Concentration  Induction time (s)
(mg L™

Recovery time (s)

Stage Al Stage A2 Stage A3 Stage R1 Stage R2 Stage R3
MS-222
60 30+4° 402+218°  837+103°  ---- 1445° 88+13°
80 21+5° 85+19° 200+46°  8+4° 35+12°  135+18°
100 19+4° 47+10° 794242 1047%  3748™  148+24°
120 17+22 35+52 60+10° 1445° 54+18° 1014252
Eugenol
20 23+6° 145+33° 197+42°  5+6° 59+15°  161+36°
30 22+4%° 68+10° 101+17¢  22+14* 90424  161+37°
40 17+3? 56+10%° 81+11° 23+19°  81+17*  187+29°
50 17+4° 4672 64+5° 56+17°  120+19° 171+14°
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Table 3: Glucose (mg dL™) levels for juvenile cobia Rachycentron canadum (n=9)

exposed to different concentrations of MS-222 and eugenol at Pre-anesthesia, 1 and 24

h after anesthesia. Different lowercase letters indicate significant differences (p<0.05)

among different treatments at each time interval, and different capital letters indicate

significant differences (p<0.05) from the same treatment at different time intervals, as

indicated by one-way ANOVA and Tukey’s test.

Anesthetic Concentration Time (h)
1 Pre-anesthesia  After Anesthesia
(mgL™)
1 24
MS-222 58.6+7.0"
80 103.9+25.9%  70.7+22.14
100 106.8423.0° 61.5+7.7%
120 105.2420.1°  60.0+7.6"
64.0+7.5"
Eugenol 30 99.1+18.8®  65.4+11.4"
40 89.1+12.1°®  60.8+11.6"
50 105.8+24.9°® 61.5+5.2%
0.43 mL ethanol L™ 200.4+59.9"® 68.4+13.4"
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Table 4: Hematocrit (%) for juvenile cobia Rachycentron canadum (n=9) exposed to
different concentrations of MS-222 and eugenol at Pre-anesthesia 1 and 24 h after
anesthesia. Different lowercase letters indicate significant differences (p<0.05) among
different treatments at each time interval, and different capital letters indicate significant
differences (p<0.05) from the same treatment at different time intervals, as indicated by

one-way ANOVA and Tukey’s test.

Anesthetic Concentration Time (h)
(mg L™ Pre-anesthesia  After Anesthesia
1 24
MS-222 22.2+4.9
80 23.6%£3.9 26.6+4.6
100 26.0+6.8 27.0+7.1
120 21.3+1.9 22.8+2.6
32.0+4.6"°
Eugenol 30 32.5+3.5° 27.5+4.4"
40 27.4+6.7 27.1+3.7
50 32.2+6.1 27.2+3.5
0.43 mL ethanol L™ 30.5+3.2 29.3+6.8
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Table 5: Osmolality (mOsmol kg™) levels for juvenile cobia Rachycentron canadum

(n=9) exposed to different concentrations of MS-222 and eugenol at Pre-anesthesia, 1

and 24 h after anesthesia. Different lowercase letters indicate significant differences

(p<0.05) among different treatments at each time interval, and different capital letters

indicate significant differences (p<0.05) from the same treatment at different time

intervals, as indicated by one-way ANOVA and Tukey’s test.

Anesthetic Concentration Time (h)

(mg L™ Pre-anesthesia  After Anesthesia
1 24

MS-222 350.4+3.7%
80 361.7+7.4°  364.745.1°
100 367.2+7.0°  368.4+10.6°
120 363.2+5.2°  363.8+7.1°

367.6+8.7"

Eugenol 30 364.4+7.9°  362.0+6.1
40 370.1+8.4¢  361.4+12.7
50 361.249.0°  366.7+10.0
0.43 mL ethanol L™ 390.7+12.6"® 368.2+7.1"
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DISCUSSAO GERAL

A atencdo dada ao bem-estar animal em aquicultura é relativamente recente
quando comparada a criacdo de outros vertebrados (Brown, 2015). Assim, ha a
necessidade do desenvolvimento de protocolos especificos para que as técnicas de
manejo sejam padronizadas para cada espécie, ja que o aumento dos cuidados com a
salde animal deve imperar como questdo ética, a0 mesmo tempo em que reflete
positivamente 0 aumento da producéo.

Em aquicultura, o transporte de peixes é considerado uma atividade inerente e de
grande importancia, e ja foi reportado que um dos principais problemas na producédo de
bijupira € a alta mortalidade durante o transporte entre o bercario e os tanques de
engorda (Liao et al., 2004). No presente trabalho, foram avaliados diferentes
mecanismos para reducdo do estresse durante o transporte de bijupira. Dentre esses
mecanismos estdo a avaliacdo de diferentes densidades de estocagem, utilizacdo de
tampdo para manutencdo do pH, reducdo de temperatura e salinidade e utilizacdo dos
anestésicos.

A utilizacio de bicarbonato de sdio (1 g L™) no transporte utilizando diferentes
densidades de estocagem (15, 24 e 33 g L) foi eficiente para a manutencéo do pH
acima de 7,0, permitindo o transporte de juvenis de bijupira (30 g) numa densidade de
até 24 g L™ por 8 h sem mortalidade. Em 33 g L™ ocorreu 18,2 % de mortalidade. O uso
do bicarbonato de sodio também foi eficiente no transporte (24 h) do bacalhau Gadus
morhua (10 g) numa densidade de 30 g L™ (15°C). A concentracdo utilizada foi de 1 g
L™, mantendo o pH acima de 7,4 durante 24 h, apesar da necessidade de uma adicio

extra da mesma concentracdo apés 6 h de transporte (Treasurer, 2012).
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A utilizacéo de salinidades proximas ao ponto isosmatico auxilia na diminuigéo
de gastos energéticos com a osmorregulacdo. Ja a reducdo da temperatura diminui o
metabolismo, ajudando na manutencdo da qualidade da &gua durante o transporte
(Harmon, 2009; Sampaio e Freire, 2016). No experimento em que foram utilizadas duas
combinagdes de salinidade e temperatura (além da utilizacdo de 1 g NaHCO; L ™), o
tratamento com a reducdo de ambos os parametros (S12-T19) foi o mais eficiente em
relacdo a mortalidade e em relacdo a diminuicdo dos fatores de estresse. As
mortalidades ocorreram apenas para as combinacfes utilizando a salinidade 30,
independentemente da temperatura (S30-T19: 1,2 %; S30-T23: 7,4 %). Aléem disso, foi
possivel aumentar a densidade de transporte para 27 g L™*, fato de importancia
econbmica, ja que o aumento da densidade diminui os custos da atividade (Stuart et al.,
2015). Apesar de ndo serem observadas mortalidades para o tratamento S12-T23, este
tratamento ndo foi recomendado pois a concentracdo de CO, na agua foi muito elevada,
podendo ser um fator relevante para a ocorréncia de mortalidades.

A reducdo da temperatura para 15°C no transporte de alevinos de jundia
Rhandia quelen (168 g L™) por 24 h também foi eficiente, pois ndo ocorreu mortalidade
e 0s parametros de qualidade da dgua foram mantidos, quando comparado ao transporte
nas temperaturas 20 e 25°C (Golombieski et al., 2003). Alevinos de bijupird (1,65 g)
transportados por 24 h em duas salinidades (12 e 32 g L™) e em quatro diferentes
densidades (5, 10, 15 e 20 g L), apresentaram maior sobrevivéncia quando
transportados na salinidade proxima ao seu ponto isosmotico, sendo que na maior
densidade testada (20 g L™), ocorreram aproximadamente 35% e 90% de mortalidade
nas salinidades 12 e 32 g L™, respectivamente (Stieglitz et al., 2012), corroborando com

0s resultados deste experimento.
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Tambeém foi observado um aumento na concentracdo de hemoglobina (com
excecdo do tratamento S30-T23) logo apo6s o transporte, retornando aos niveis basais
apos 24 h. Aléem disso, foi observada uma diminui¢cdo no pO, sanguineo apos o
transporte, que pode ser resultado do aumento do consumo de oxigénio devido a
condicdo de estresse a qual os peixes foram submetidos, levando a um acumulo de CO,
no sangue, que também foi observado. O aumento na concentracdo de hemoglobina
ocorreu na tentativa de manter o transporte de gases que provavelmente foi afetado
pelos efeitos Root e Bohr (Wendelaar Bonga, 1997; Claiborne et al., 1999)

No transporte com o anestésico mentol, as mesmas técnicas empregadas nos
experimentos anteriores foram utilizadas: adicdo de 1 g NaHCOs; L™, reducdo da
salinidade para 12 g L™ e reducéo da temperatura (18,5°C). A densidade foi de 26 g L™
e o tempo de transporte também foi 8 h, sem mortalidades para nenhum tratamento.
Porém, um fato importante observado foi 0 aumento da glicemia logo apds o transporte
nos tratamentos em que o mentol foi adicionado, sendo 171, 184 e 258 mg dL™ para os
tratamentos 0, 2,5 e 5,5 mg mentol L™, respectivamente. Sabe-se que o principal efeito
de um anestésico é a reducdo do metabolismo, contudo muitas vezes o proprio
anestésico pode provocar reacdes de estresse (Zahl et al., 2010; Velisek et al., 2011).
Assim, a exemplo do uso da benzocaina (Pedron et al., 2016) , a adicdo de mentol ndo
melhorou as condic¢des de transporte para bijupird. Sepulchro et al. (2016) utilizaram
mentol (0, 3,7 e 7,4 mg L) para o transporte de robalo-peva Centropomus parallelus
(1,6 g/ densidade 16 g L™/ 26,7°C) em trés diferentes salinidades (0, 17 e 36 g L), e
tambem ndo recomendaram o uso do anestésico. Em contrapartida, Navarro et al. (2016)
transportaram juvenis de tilapia Oreochromis niloticus por 10 h com duas diferentes
concentracdes de mentol (75 e 100 mg L™), e observaram reducdo do cortisol e

manutencdo dos niveis de glicemia para a concentragdo de 75 mg mentol L™ quando
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comparado ao tratamento sem anestésico, sendo 75 mg L™ a concentracio indicada de
mentol para o seu transporte.

Assim como no transporte com diferentes salinidades e temperaturas, durante o
transporte com a utilizacdo de mentol ocorreu uma reducdo de O, e um aumento do CO;
no sangue dos peixes, apesar de na dgua as concentracdes de O, e CO, estarem dentro
de niveis considerados normais (13 mg O, L™ e 28 g CO, L™). Na mesma tentativa de
melhorar o transporte de gases, 0s peixes também aumentaram seus niveis de
hemoglobina e hematdcrito (Wendelaar Bonga, 1997; Claiborne at al., 2002).

Tricaina metanosulfato (MS-222), eugenol, benzocaina, 2-fenoxietanol e
metomidato sdo os anestésicos mais utilizados em aquicultura (Husen e Sharma, 2014).
Outros anestésicos advindos de extratos vegetais também vém sendo testados, como por
exemplo, o mentol, os extratos de Spilanthes acmella, Aloysia gratissima e Ocimum
gratissimum (Benovit et al., 2012; Kasai et al., 2014; Barbas et al., 2016).

Neste trabalho, foram testados os anestésicos MS-222, eugenol e mentol para
serem utilizados durante préaticas de manejo como, por exemplo, biometria e coleta de
sangue. As concentracdes utilizadas foram: 60, 80, 100 e 120 mg MS-222 L™, 20, 30,
40 e 50 mg eugenol L™ e 35, 45 e 55 mg mentol L™. De acordo com Marking e Meyer
(1985), dentre as varias qualidades que um anestésico necessita para ser considerado
ideal, estd em ser capaz de anestesiar 0 peixe em até 3 min. e que ele se recupere em até
5 min. Este resultado pdde ser observado para as concentra¢Ges 100 e 120 mg MS-222
L, para as concentragdes 30, 40 e 50 de eugenol e para a concentracdo 55 mg mentol
L. Assim, considerando o argumento de Marking e Meyer (1985) e a menor relacdo
custo-beneficio, as concentragdes mais eficientes para juvenis de bijupirda (= 50 g/

26,5°C) foram 100 mg MS-222 L, 30 mg eugenol L™ e 55 mg mentol L™. Se formos
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eleger um anestésico entre os trés avaliados, o eugenol foi o mais eficiente em termos de
custo-beneficio.

Gullian e Villanueva (2009) anestesiaram juvenis de bijupira de menor tamanho
(5-14 g/ 23°C), e recomendaram o uso de 60 mg MS-222 L™ e 20 mg eugenol L™. J&
Trushenski et al. (2012) recomendaram o uso de 150 mg MS-222 L™ e 60 mg eugenol
L para bijupiras de 300 g (27°C). Estas diferentes concentracdes estio de acordo com
o fato de que a eficiéncia de um anestésico pode variar de acordo com fatores biologicos
como o tamanho do peixe, mesmo o individuo sendo da mesma espécie e fatores
ambientais como a temperatura (Ross e Ross, 2008).

Apesar de todos os anestésicos terem induzido anestesia, ndo foram capazes de
conter a elevacdo dos valores de glicemia ap6s exposicao, indo de acordo com a idéia de
gue o anestésico em si pode causar resposta de estresse (Zahl et al., 2010; Velisek et al.,
2011). No trabalho de Trushenski et al. (2012) também com bijupira, observou-se o
mesmo padrdo de aumento na glicemia apés 0,5, 1 e 2 h da exposicdo e além disso, ndo
houve supressdo do cortisol. Palic et al. (2006) testaram varias concentracdes de MS-
222 (25 — 200 mg L™) e eugenol (10 — 80 mg L™) para Pimephales promelas (3 g) e
encontraram como concentracdo ideal 75 e 30 mg L™ para MS-222 e eugenol,
respectivamente, sendo que apds submissdo a teste de estresse, apenas o eugenol foi
eficiente em reduzir os niveis de cortisol. J& Simbes e Gomes (2009) anestesiaram
juvenis de tilapia do Nilo (14 g) e concluiram que as concentracdes entre 150 e 200 mg
L de mentol foram eficientes para 0 manejo, apesar de também provocarem o aumento
da glicemia.

Assim, os resultados do presente estudo indicam que a adicdo de 1 g NaHCO; L
! areducdo da salinidade da agua para 12 g L™ e diminuicio da temperatura para 19°C,

s30 técnicas eficazes para aumentar a densidade de estocagem (27 g L™) e reduzir a
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resposta de estresse durante o transporte de juvenis de bijupira (= 30 g). Ja a adigdo de
mentol ndo foi eficiente durante o transporte, porém foi capaz de induzir anestesia na
concentracdo de 55 mg mentol L™, assim como MS-222 na concentracéo de 100 mg L™

e eugenol 30 mg L™
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CONCLUSOES

A utilizacdo de 1 g NaHCO; L™ foi eficiente para manter o pH levemente
alcalino durante o transporte de juvenis de bijupir, ndo ocorrendo mortalidades
até a densidade de 24 g L™.

A diminuicdo da salinidade da agua para niveis préximos ao seu ponto
isosmotico (= 12 g L") e a redugio da temperatura (= 19 °C) sdo técnicas
eficazes para aumentar a densidade de estocagem (27 g L™) e reduzir a resposta
de estresse durante o transporte de juvenis de bijupira.

A concentracdo de 55 mg mentol L™ foi eficiente para induzir a anestesia em
juvenis de bijupira, porém o anestésico mentol ndo é recomendado para ser
utilizado durante o transporte, ja que ndo apresentou efeitos benéficos como
melhora na qualidade da 4gua ou reducéo do estresse.

Os anestésicos MS-222 e eugenol foram eficientes em induzir anestesia e com

melhor custo-beneficio nas concentracdes 100 e 30 mg L™, respectivamente.
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