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RESUMO
Com a finalidade de oferecer ambientes mais €ticos na produgao animal, que promovam o bem-
estar alinhado ao potencial produtivo, ¢ necessario investigar o impacto das caracteristicas dos
ambientes de criacdo sobre o desempenho dos animais. Na ranicultura, os materiais e estruturas
utilizados na criacdo de girinos apresentam variedade de cores, muitas vezes influenciando o
custo e o investimento inicial, sendo o azul, branco e preto os mais comuns. Por possuir
capacidade de distinguir cores, a ra-touro americana (Aquarana catesbeiana) pode apresentar
preferéncias por determinados ambientes, afetando o conforto e desenvolvimento do animal.
Com isso ¢ importante investigar o impacto da cor do ambiente no desenvolvimento da ra-touro,
auxiliando na tomada de decisdao sobre a estruturacdo dos ambientes de produgdo. Assim o
presente estudo objetivou investigar o impacto da cor do ambiente no desempenho zootécnico,
uniformidade de lote, tempo de metamorfose e pardmetros bioquimicos corporal de girinos de
ra-touro. Seiscentos girinos (0,94 + 0,11 g — estdgio de Gosner 25) foram distribuidos em
delineamento inteiramente casualizado em 15 tanques de 40 L (1 girino L™!), em sistema de
recirculagdo de dgua, com cinco repeti¢des por cor: azul, branco e preto. As biometrias foram
realizadas a cada 14 dias. Os animais também foram avaliados no climax metamorfico e ao
final da metamorfose quanto ao desempenho do crescimento, a uniformidade e pigmentacdo da
pele. Ao concluir a metamorfose, 24 imagos, coletados aleatoriamente por tratamento foram
eutanasiados, doze destes foram utilizados para as andlises bioquimicas de corpo inteiro e doze
para obtencao dos indices bioldgicos. Os girinos criados em tanques azuis e pretos atingiram o
climax metamorfico mais rapido (tempos medianos de 81 e 80 dias respectivamente) e
completaram a metamorfose em menor tempo (97 e 96 dias respectivamente), em comparagao
aos criados em tanques brancos (85 dias para o climax metamorfico e 104 dias para completar
a metamorfose). O tempo para concluir o climax metamoérfico foi ligeiramente superior nos
tanques pretos (13 dias) em comparagdo aos criados em tanques azuis e tanques brancos (12
dias). Em relacdo ao desempenho de crescimento, de acordo com a andlise de regressao, houve
interacdo significativa entre o tempo de acompanhamento e os tratamentos, de modo que ao
longo do tempo acentuou-se a diferenca entre o peso final dos girinos criados em tanques azuis
(maior peso médio) em relagdo aos cultivados em tanques brancos e em tanques pretos. Para
ganho de peso, comprimento, ganho de comprimento e taxa de eficiéncia proteica também
houve interagdo significativa entre os dias de acompanhamento e o tratamento, acentuando a
diferenca entre os animais cultivados nos tanques azuis (melhor desempenho) em relacao aos
cultivados em tanques brancos. Para taxa de crescimento especifico houve reducio de cerca de

1% do crescimento dos animais cultivados nos tanques brancos em comparagdo aos cultivados



nos tanques azuis. A conversdao alimentar aumentou ao longo do tempo com interagdo
significativa entre o tempo de acompanhamento e o cultivo em tanques brancos, resultando em
uma piora da conversdo alimentar nos animais desse tratamento. A cor do tanque também
influenciou a uniformidade do lote. Girinos criados em tanques azuis € pretos apresentaram
menor variancia de peso comparados aos mantidos em tanques brancos aos 14 dias (azuis: 0,29,
pretos: 0,27 e brancos: 0,42) , 42 dias (azuis: 7,58, pretos: 6,56 e brancos: 9,47), 56 dias (azuis:
10,35, pretos: 8,40 e brancos: 14,69) e 70 dias de criagdo (azuis: 9,26, pretos: 8,45 e brancos:
12,93). Aos 98 dias, a variancia de peso dos girinos em tanques pretos (8,53) nao diferiu da
observada nos tanques brancos (8,62), porém ambos diferiram estatisticamente dos girinos
criados em tanques azuis (4,95). A coloracdo da pele dos girinos em climax metamorfico e
imagos recém metamorfoseados também foi afetada pela cor do tanque de criacdo. A andlise
colorimétrica das coordenadas L*a*b* da pele dos animais, demonstrou tons mais claros nos
girinos criados em tanques brancos diferindo dos animais mantidos nos tanques azuis e pretos.
O comprimento corporal, peso corporal e uniformidade do peso de girinos em climax
metamorfico e imagos recém metamorfoseados, e a bioquimica de corpo inteiro de imagos
recém metamorfoseados nao foram afetados pela cor do tanque. Portanto, considerando a
homogeneidade no crescimento e o tempo para metamorfose, os tanques azuis representam a

melhor escolha para a criacdo de girinos de ra-touro americana.

Palavras-chave: anfibios; Aquarana catesbeiana,; bem-estar animal; Lithobates catesbeianus;

Rana catesbeiana; ranicultura.



ABSTRACT
Research that investigates the impact of structural environmental enrichment on performance
and welfare in captive animals is necessary to provide more ethical environments for animal
production that promote welfare aligned with productive potential. In frog farming, the
materials and structures used for tadpole rearing vary in color, often influencing costs and initial
investment, with blue, white, and black being the most common. Due to its ability to distinguish
colors, the American bullfrog (Aquarana catesbeiana) may show preferences for specific
environments, which can affect comfort and development. Therefore, it is important to
investigate the impact of environmental color on bullfrog development to assist in decision-
making regarding production structure design. This study aimed to investigate the impact of
environmental color on the growth performance, batch uniformity, metamorphosis time, and
biochemical body parameters of bullfrog tadpoles. Six hundred tadpoles (0.94 £0.11 g— Gosner
stage 25) were randomly distributed into 15 tanks (40 L; 1 tadpole L™") in a water recirculation
system, with five replicates per color: blue, white, and black. Biometric evaluations were
performed every 14 days. The animals were also assessed at the metamorphic climax and at the
end of metamorphosis for growth performance, uniformity, and skin pigmentation. After
completing metamorphosis, 24 individuals per treatment were randomly collected and
euthanized, twelve were used for whole-body biochemical analyses and twelve for biological
index determination. Tadpoles reared in blue and black tanks reached the metamorphic climax
faster (median times of 81 and 80 days, respectively) and completed metamorphosis in a shorter
period (97 and 96 days, respectively) compared to those reared in white tanks (85 days for
climax and 104 days for completion). The time to complete the metamorphic climax was
slightly longer in black tanks (13 days) than in blue and white tanks (12 days). According to
regression analysis, there was a significant interaction between time and treatments for growth
performance, with a greater increase over time in the final weight of tadpoles reared in blue
tanks compared to those in white and black tanks. Significant interactions between days and
treatment were also observed for weight gain, length, length gain, and protein efficiency ratio,
showing improved performance for tadpoles in blue tanks compared to those in white tanks.
The specific growth rate was about 1% lower in white tanks compared to blue ones. Feed
conversion ratio increased over time with a significant interaction between time and rearing in
white tanks, resulting in poorer feed conversion in that treatment. Tank color also influenced
batch uniformity. Tadpoles reared in blue and black tanks showed lower weight variance than
those in white tanks at 14 days (blue: 0.29, black: 0.27, white: 0.42), 42 days (blue: 7.58, black:
6.56, white: 9.47), 56 days (blue: 10.35, black: 8.40, white: 14.69), and 70 days (blue: 9.26,



black: 8.45, white: 12.93). At 98 days, weight variance of tadpoles in black tanks (8.53) did not
differ from those in white tanks (8.62), but both differed significantly from those in blue tanks
(4.95). Skin pigmentation at the metamorphic climax and post-metamorphosis was also affected
by tank color. Colorimetric analysis of skin L*a*b* coordinates showed lighter tones in
tadpoles reared in white tanks compared to those in blue and black tanks. The mean of growth
performance (body length, body weight, and weight uniformity of metamorphic climax tadpoles
and newly metamorphosed froglets), and the mean of whole-body biochemistry parameters of
newly metamorphosed froglets, were not affected by tank color. Therefore, considering
homogeneity of growth performance and time to complete the metamorphosis, blue tanks

represent the best choice for rearing American bullfrog tadpoles.

Keywords: amphibians; animal welfare; Aquarana catesbeiana; frog farming; Lithobates

catesbeiana; Rana catesbeiana.
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CAPITULO 1: APRESENTACAO DA TESE

1.1 Introducao

Os girinos, fase aquatica dos anuros, passam por inumeras alteracdes anato-
morfofisiologicas até atingirem a forma adulta como ra, e devido a todas estas mudancgas
este processo também ¢ um momento desafiador para estes animais. Como descreve
Gilbert e Frieden (1981), a metamorfose dos anfibios anuros ¢ um notavel fendmeno da
natureza, que se destaca pela transi¢do de um organismo estritamente aquatico para um
ser adaptado ao ambiente terrestre.

A metamorfose ¢ influenciada por fatores fisioldgicos e ambientais que podem
atrasar ou acelerar o tempo da transformagdo, como por exemplo, alteracdes hormonais
(Etkin, 1966), temperatura ambiental (Wollmuth e Crawshaw, 1988; Loman, 2002;
Alvarez e Nicieza, 2002; Bellakhal et al., 2014), disponibilidade de 4gua (Denver, 1997);
nutricdo (Alvarez e Nicieza, 2002; Bellakhal et al., 2014) ¢ densidade (Loman, 2002).
Essas possiveis intercorréncias enfrentadas durante a metamorfose podem resultar em
imagos menores ¢ leves, que poderdo ter dificuldade em se desenvolver durante esta fase.
Imagos menores reduzem a atividade por estarem em constante risco de serem predados
por animais maiores, o que pode agravar a heterogeneidade do lote (Alves et al., 2020).

A visdo € importante na interagdo dos anfibios com o ambiente. Durante as fases
Iniciais, os girinos exibem a visdo e a linha lateral como os 6rgdos sensoriais primarios
na intera¢do entre o organismo e o ambiente, desempenhando um papel crucial na
identificacdo de diversos aspectos ambientais como iluminagdo, cor, temperatura e
textura (Mohun e Davies, 2019). Similarmente a outros vertebrados, as ras possuem
células fotorreceptoras, sugerindo que as ras-touro possam diferenciar cores com base na
intensidade luminosa (Yovanovich et al., 2017).

Em peixes, diversos estudos com diferentes espécies de producao tém investigado
as preferéncias ambientais e como elas influenciam no desenvolvimento e desempenho
zootécnico destes animais (Volpato et al., 2004; McLean et al., 2008; Jegede, 2011;
Elnwishy et al., 2012; Opiyo et al., 2014; Pedreira e Sipatba-Tavares, 2001; Boaventura
et al., 2021; Costa et al., 2017; Ferosekhan et al., 2020). Em relacao aos anfibios, ha um
menor volume de dados disponiveis, uma vez que a maioria dos estudos existentes nesta
area se concentra predominantemente na esfera da conservacao de espécies (Hilken et al.,
1994; Moriya et al., 1996; Wente e Philips, 2005; Holmes et al., 2016; Eterovick et al.,

2018; Graves et al., 2023; Mir¢ et al., 2023), carecendo de informagdes e estudos que
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avaliem o impacto do ambiente de criacdo no desempenho zootécnico de espécies de
anuros cultivados para produ¢ao animal.

A ranicultura cresceu mundialmente cerca de 48% nos ultimos 15 anos, atingindo
147,8 mil toneladas no ano de 2020, com destaque para a ra-touro-americana (Aquarana
catesbeiana), que corresponde a 88% desta produgao global (FAO, 2022). Apesar do
déficit em dados de producdo e comércio, causado principalmente pela falta de
licenciamento ambiental, o Brasil ainda figura entre os principais produtores de ra-touro
do mundo, junto a Taiwan, Malasia, Cingapura, Equador ¢ México (FAO, 2021). Em
recente trabalho, Ribeiro e Toledo (2022), estimaram que o Brasil produziu cerca de 191,4
toneladas de carne de ra no ano de 2019.

O Brasil possui um grande potencial para o desenvolvimento da ranicultura, com
clima subtropical e disponibilidade de recursos hidricos, apresentando um cenario
perfeito para o desenvolvimento da ra-touro americana. Desta forma, o desenvolvimento
de estudos que busquem aprimorar os ambientes de criagdo contribuira para a melhora e
padronizagdo da produgdo de ras em cativeiro, ajudando assim a promover o crescimento
da producao nacional.

Diante disso, a realizacdo de pesquisas destinadas a investigar o impacto das
caracteristicas fisicas de instalacdes de criagdo de ras-touro, sobre o desempenho, tempo
de metamorfose e bem-estar dos animais, colabora para o desenvolvimento de ambientes

de criagdo mais eficientes e para a otimizagao da producado de ras.

1.2 Objetivos

1.2.1 Objetivo geral

Com o estudo objetivou-se investigar se ha influéncia da cor do
ambiente de cria¢do sobre o desempenho, tempo de metamorfose, coloracdo e bem-estar

de girinos de ra-touro americana.

1.2.2 Objetivos especificos

Avaliar se a cor do tanque de criagdo exerce efeito sobre:
- O ganho de peso, peso final, ganho de comprimento, comprimento final,
conversao alimentar, taxa de crescimento especifico, taxa de eficiéncia proteica e

taxa de sobrevivéncia de girinos e imagos de ras-touro;
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- Uniformidade do lote de girinos durante o periodo de criacdo e
uniformidade do lote de imagos recém metamorfoseados.

- Tempo de metamorfose de girinos de ra-touro;

- O bem-estar dos animais apds o processo de metamorfose, através das
analises bioquimicas de glicose, proteinas totais, albumina, globulinas, relacao
albumina/globulinas, colesterol  total, triglicerideos, lactato, aspartato
aminotransferase, alanina aminotransferase e ureia;

- Coloracao da pele dos girinos de ra-touro em climax metamorfico e dos

imagos recém metamorfoseados;
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CAPITULO 2: REVISAO DE LITERATURA - INFLUENCIA DO AMBIENTE
NA METAMORFOSE DA RA-TOURO (AQUARANA CATESBEIANA)

2.1 O desenvolvimento da ra-touro americana (Aquarana catesbeiana) e as etapas da
metamorfose

Nativa da regido leste da América do Norte, a ra-touro americana Aquarana
catesbeiana (Dubois, 2021), como grande parte dos anfibios anuros, passa por
metamorfose, apresentando uma fase de vida totalmente aquatica, chamada de girino, e

outra semiaquatica, denominada de imago e ra.

Desova

pré-metamérfico
Imago /
Ra recém
metamorfoseadal

Girino
Em climax pés-metamdrfico

Figura 1: Ciclo de vida da ra-touro americana (Aquarana catesbeiana)

A fase de vida aquética da ra-touro se inicia na reproducdo que, em ambiente
natural, € realizada em pocgas d’agua, pequenos lagos ou areas alagadas (Bury e Whelan,
1984). Durante o acasalamento, ato conhecido como amplexo, o macho abraca a fémea

firmemente, pressionando o abdémen dela para a liberagdo dos ovocitos. Enquanto estes
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sao liberados na agua, o macho libera o sémen, onde ocorre a fertilizacao (Seixas-Filho
etal., 2018).

Apb6s a eclosdo, as larvas de ra-touro passam por inimeras alteragdes
morfofisiologicas até atingirem a fase pos-metamorfica (Gilbert e Frieden, 1981). Para a
melhor identificagdo dessas alteragoes foram desenvolvidos métodos de classificagcdo das
fases de desenvolvimento, sendo a classificagdao de Gosner (1960) ¢ a Etkin (1966) os
métodos mais utilizados, conforme ilustrado na figura 2. A classificagcdo de Gosner (1960)
permite a identificacdo visual precisa dos estagios de desenvolvimento com base em
estruturas externas, como membros, boca e cauda. Por sua vez, a classificagdo proposta
por Etkin (1966) demonstra a influéncia dos hormdnios tireoidianos sobre o processo de
metamorfose. Ambas as classificagdes sdo principalmente utilizadas em pesquisas
cientificas, para determinagdo da fase de desenvolvimento do girino utilizado no estudo.

Na classificagdo de Gosner (1960), o processo ¢ dividido em 46 estiagios de
desenvolvimento. Estas altera¢des sdo divididas em cinco fases: embriogénese, composta
pelo estagio 1 até o estagio 19; a fase larval, que se inicia com a eclosdo do ovo e perdura
até o estagio 24; fase de crescimento do girino, que compreende do estagio 25, apos
absor¢cao do saco vitelinico, até o 35, com o desenvolvimento inicial dos membros
posteriores; fase de maturagdo, que compreende do estagio 36 ao 41, correspondendo a
fase de maturagdo dos membros posteriores; € o climax da metamorfose, correspondendo
do estagio 42, quando surgem os bragos, ao 46, em que finaliza com a absor¢ao completa
da cauda do girino (Gosner, 1960).

Na classificagdo de Etkin (1966), o processo € classificado em quatro categorias
baseadas na atividade hormonal da tireoide, caracterizando em pré-metamorfose, pro-
metamorfose, climax metamorfico e ra (imagos e adultos).

O fator principal que define a divisdo das fases na classificagdao de Etkin (1966) ¢
a atividade da tireoide e secrecdo dos hormonios tiroidianos T3 (triiodotironina) e T4
(tiroxina). Durante a pré-metamorfose os niveis dos hormodnios sdo muito baixos,
promovendo poucas alteragdes morfologicas, enquanto a atividade da prolactina esta alta,
assim durante este periodo os girinos desenvolvem consideravelmente em seu tamanho,
mas com poucas alteragdes em sua estrutura. Essa acdo da prolactina foi observada em
outro estudo desenvolvido por Etkin e Gona (1967), em que os autores observaram que
os girinos tratados com injecdo peritoneal de prolactina apresentaram um maior
crescimento, porém tiveram sua metamorfose inibida. Esta fun¢do da prolactina ¢ muito

importante para impedir que ocorra metamorfose precoce.
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Pré-metamorfose
A pré-metamorfose apresentada no estudo de Etkin, corresponde a um momento de consideravel desenvolvimento do
girino em comprimento, porém com poucas alteragoes morfologicas. Neste momento a atividade dos hormonios
tiroidianos ainda € baixa enquanto que a prolactina estd elevada, promovendo o crescimento sem que ocorra a
metamorfose precoce dos animais.

45cm Gcm

6.4cm 7a5¢cm
—_— — —

Estagio de Gosner 25 Estagio de Gosner 30 Estagio de Gosner 32 Estagio de Gosner 34
Paralelo a classificagio de Etkin, na escala de Gosner, este periodo da pré-metamorfose corresponderia do momento

de eclosio até aproximadamente o estagio 35. Durante esta fase os animais crescem em tamanho, e desenvolvem o
apéndice que se tornara os membros posteriores, finalizando com o inicio do desenvolvimento dos dedos.

-
Pré-metamorfose

Os nivels de prolactina comegam a cair em contrapartida inicia-se a atividade dos horménios tiroidianos, promovendo

assim as alteracOes e o inicio da metamorfose. Nesta fase ocorre o completo desenvolvimento dos membros.

10,32 cm 12,8cm
—_—

7.32cm
—_—

Estagio de Gosner 36  Estagio de Gosner 38 Estagio de Gosner 40 Estagio de Gosner 41

A pro-metamorfose inicia-se com a diferenciagio dos dedos dos membros posteriores (Estigio 36) e segue até o
desenvolvimento completo dos mesmos, e formagio dos membros anteriores dentro da pele (Estagio 41). A fase de
pro-metamorfose se encerra com a exposi¢io dos membros anteriores (Estagio 42). dando inicio ao climax da
metamorfose.

Climax da metamorfose Metamorfose completa
Durante o climax ocorre entdo o pico na atividade
dos horménios tiroidianos, promovendo as ultimas A atividade hormonal volta acs niveis basais,
alteragdes  morfologicas. Que em  seguida  cai concluindo a metamorfose da ri toura.

abruptamente até retornar aos niveis iniciais,
encerrando a metamorfose.

%

Estégio de Gosner 42 e 43

Estagio de Gosner 46

No climax da metamorfose, o girino ja apresenta os quatro membros totalmente desenvolvidos. Ocorre as alteragdes em
tamanho, formato e disposi¢ao dos olhos, boca, crinio, a postura do corpo, além de mudangas nos orgaos internos que
vio fazer com que a dependéncia do ambiente aquatico diminua enquanto desenvolve adaptagdes para viver em
ambientes semi-aquaticos. Essa fase se inicia com o estagio 42 e vai até a completa absorgio da cauda marcado a
coclusio da metamorfose no estagio 46.

Figura 2: Comparacio entre as classificagdes da metamorfose de rad descritas por Etkin (1996) e Gosner
(1960).
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Quando os niveis dos hormodnios tireoidianos comegam a se elevar, inicia-se a pro-
metamorfose. Paralelamente ao aumento dos niveis dos hormonios tireoidianos, ocorre o
alongamento dos membros e defini¢do de estruturas como dedos e divisdes dos membros,
que segue até o desenvolvimento e exposi¢ao dos membros anteriores. Os membros
dianteiros, diferentemente dos posteriores, crescem dentro do corpo do animal e sdo
expostos por um processo absor¢do e remodelacdo cutanea, no tronco, proximo a regiao
da cabeca (Etkin, 1996).

Apos a formagdo completa dos membros posteriores e anteriores, inicia-se a
ultima fase da metamorfose, o climax metamorfico, neste momento os niveis dos
horménios tiroidianos estdo consideravelmente elevados atingindo seu maior pico de
atividade e cai abruptamente na metade do periodo, apresentando niveis semelhantes aos
encontrados nos adultos (Etkin, 1966).

Devido a todas as mudangas morfologicas e fisioldgicas, o novo organismo
precisa se adaptar ao novo estilo de vida terrestre. A dependéncia pelo ambiente aquatico
reduz e o animal inicia uma maior atividade pulmonar, precisando buscar ambientes com
menor ldmina d’4dgua, que permitam ao animal manter a cabeca fora da agua para a
respiragdo aérea (Cribb et al., 2013).

Durante o climax metamoérfico os girinos ndo se alimentam, utilizando os
nutrientes para completar a metamorfose e sobrevivéncia a partir das reservas de gordura
e absor¢do da cauda (Hourdry et al., 1996). Este ¢ o momento mais critico do
desenvolvimento de um anuro. Durante essa fase do processo, o animal passa por
alteragdes em todo o trato gastrointestinal, passando a ter habito alimentar carnivoro.
Nessa fase da transformacao, ocorre desde o encurtamento do intestino até a abertura da
boca, processos que exigem um grande gasto energético (Albinati e Lima, 1994). A
completa absor¢do da cauda indica o fim das transformacdes morfofisiologicas e a

completa metamorfose do girino em ra (Gosner, 1960).

2.2 A metamorfose dos sentidos

Durante a metamorfose, ocorre também o desenvolvimento dos sentidos e seus
respectivos Orgaos, o crescimento de membros e absor¢do de estruturas, migracao e
aperfeicoamento de 6rgaos e alteracdes no formato corporal. Uma mudanga morfoldgica
marcante na metamorfose dos girinos ¢ a alteracdo dos mecanismos de locomog¢ado, com
o desenvolvimento dos membros posteriores e anteriores € absor¢do da cauda. Estas

transformagdes alteram a mobilidade e confere habilidade natatéria e locomotora,
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permitindo o animal a capacidade de migrar do ambiente aquatico para o ambiente
terrestre (Gilbert e Frieden, 1981).

Simultaneamente ao desenvolvimento dos membros, outras estruturas comegam a
se desenvolver. As estruturas da boca dos girinos comegam a se diferenciar ainda na pro-
metamorfose, embora a sua alteracdo s6 se conclua durante o climax da metamorfose
(Gilbert e Frieden, 1981).

A estrutura bucal dos girinos se difere de acordo ao ambiente em que as espécies
vivem. Os girinos que vivem em aguas de ambiente Iéntico possuem boca em forma de
bico cérneo com abertura, labios e dentes labiais inferiores e superiores, que permitem a
alimentagdo na superficie da agua, enquanto espécies de ambientes 16ticos, em grande
maioria, ndo possuem bico, 1abios ou dentes e sim um disco oral que os girinos usam para
se fixar em rochas ou substratos. A espécie ra-touro americana consegue se adaptar a
diferentes ambientes, mas tem preferéncia pela reproducdo em ambientes 1énticos (Ryan,
1980). Assim a anatomia bucal dos girinos de ra-touro apresenta papilas labiais e dentes
queratinizados, que sao utilizados na sua alimentacao (Gilbert e Frieden, 1981).

A percepcao dos sons também sofre mudangas com a metamorfose. Enquanto
girinos, a ra-touro se orienta principalmente pela linha lateral, que capta vibracdes e
mudancas do ambiente através das células sensoriais chamadas de neuromastos (Braun,
2017). A medida em que se desenvolve a metamorfose, a linha lateral se degenera e um
complexo orgdo auditivo comeca a se desenvolver. Apds o climax metamorfico, a
atividade da linha lateral ¢ praticamente nula, e ocorre o completo desenvolvimento da
membrana timpanica e 6rgaos internos da audi¢dao da ra-touro (Horowitz et al., 2007).
Um o6rgdo auditivo bem desenvolvido ¢ fundamental para esta espécie que transita por
dois ambientes, sendo necessario um aparelho complexo que permita a percepgao de sons
dentro da 4gua e do ambiente fora d’agua. Além disso, as ras-touro possuem o
comportamento de vocalizagdo, principalmente durante o periodo reprodutivo, assim a
audi¢do ¢ um sentido muito importante também para a reproducao destes animais (Gilbert
e Frieden, 1981).

Assim como a boca, os olhos sofrem alteracdo quanto seu formato, posicao,
tamanho e funcdo. Os girinos de ra-touro possuem olhos pequenos, redondos e
posicionados na lateral da cabeca, permitindo uma ampla visdo do ambiente. Com a
evolucdo da metamorfose, os olhos aumentam consideravelmente em relacao ao tamanho
da cabeca e sdo reposicionados para parte mais frontal (Hoskins, 1990). Além do tamanho

e posicionamento, os olhos dos anfibios anuros sofrem importantes transformagdes
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quanto funcao e complexidade. De acordo com Hoskins (1990), as alteragdes no formato
e tamanho dos olhos, ocorrem para que a visdo consiga se adaptar a migracao de
ambientes, conferindo poder 6tico para que o animal adulto tenha boa visdo tanto no
ambiente aquatico quanto fora d’agua. Caso essa adaptacdo ndo ocorresse, 0s animais
seriam acometidos com um tipo de miopia grave. Por ser um animal carnivoro a qualidade
da visdo ¢ uma habilidade importante na vida da ra-touro.

Quanto a complexidade da visdo, os anuros, como a maioria dos vertebrados,
possuem células fotorreceptoras de bastonetes e cones, geralmente os bastonetes estao
relacionados a sensibilidade da luz e as células de cones estdo relacionadas a visdo em
cores (Yovanovich et al.,, 2017). No entanto, apds a metamorfose, ¢ observado um
aumento nos numeros de bastonetes em relacdo aos cones, indicando uma maior
participacao das células de bastonete na identificagdo de cores através da percepgao da
luz (Gilbert e Frieden, 1981).

Em estudo de Yovanovich et al. (2017), foi observado que as ras-touro conseguem
identificar e diferenciar tons de azul e verde. Um fator interessante sobre este tipo de
visao € como ele pode estar relacionado com as necessidades, habitos ¢ ambiente natural
do animal, uma vez que as ras-touro possuem maior atividade crepuscular e noturna,
quando a iluminacao € menor, se limitando a uma penumbra. Além disso, a identifica¢do
de tons verdes pode estar relacionada a escolha sexual para copula, uma vez que durante
o periodo reprodutivo os animais apresentam colora¢des de verde mais intensas.

Ainda que poucas, as informacgdes a respeito da capacidade de distingdo de cores
da ra-touro sdo importantes na compreensdo de como os sentidos destes animais se
desenvolvem durante a metamorfose, e como eles sdo utilizados na vida adulta. E como
a transicdo de ambiente promovido pela metamorfose exerce influéncia sobre a sua

dependéncia e desenvolvimento plenos.

2.3 A preferéncia dos anfibios sobre a cor do ambiente

Sao muitos os fatores que influenciam no tempo do processo metamorfico dos
girinos, apesar de espécie-especificos, podemos citar a temperatura (Wollmuth e
Crawshaw, 1988; Loman, 2002; Alvarez e Nicieza, 2002; Bellakhal et al., 2014),
densidade de estocagem (Bellakhal et al., 2014) e nutri¢do (Denver, 1997; Alvarez e
Nicieza, 2002) e que por consequéncia destes fatores, impactos fisiologicos, como
alteracdes nos niveis hormonais (Etkin, 1966) afetaram o tempo e desenvolvimento da

metamorfose. As alteragdes morfofisioldgicas promovidas pela metamorfose permitem
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que o animal passe a ocupar um ambiente com caracteristicas distintas daquele da fase
larval. Nesse sentido, aspectos do ambiente inicial, como a cor, luminosidade e
profundidade, podem influenciar positivamente o desenvolvimento do girino, mas deixar
de ser adequados em fases mais avancadas. Durante o climax metamorfico, por exemplo,
o animal naturalmente abandona as areas mais profundas e busca locais mais rasos e
protegidos para completar sua transformacao (Cribb et al., 2013).

Com poucas excegdes entre as espécies de anfibios, os girinos possuem uma
relagdo positiva com a iluminagdo, apresentando preferéncia por ambientes mais
iluminados, e além da incidéncia, o espectro de luz também ¢ um fator de escolha (Gilbert
e Frieden, 1981).

A escolha por ambientes mais claros pode estar relacionada a fatores ambientais,
que fazem com que as dguas sejam mais quentes em ambientes mais iluminados devido
ao contato da luz solar. Também, em &guas mais iluminadas se torna mais facil a
percepcao de ameacas, bem como a identificagdo de alimentos. A preferéncia por
ambientes verdes e azuis pode estar relacionada também a ambientes com maior
disponibilidade de alimentos, ambientes aquaticos com maior concentracdo de
fitoplancton tendem a ter uma coloragao mais esverdeada. Essas caracteristicas se tornam
atrativas uma vez que a temperatura ¢ a disponibilidade abundante de alimento sdo fatores
muito importantes na metamorfose (Wollmuth e Crawshaw, 1988; Denver, 1997; Alvarez
e Nicieza, 2002; Loman, 2002; Bellakhal et al, 2014).

As preferéncias quanto aos aspectos ambientais podem mudar de acordo com a
fase de desenvolvimento dos girinos. Em estudo com Rana temporaria de Jaeger e
Hailman (1976), foi observado que enquanto na fase larval essa espécie apresente
predilecdo por ambientes verdes, ao atingir o climax metamorfico ocorre uma mudanca
na preferéncia para ambientes azuis. Essa transicdo da preferéncia pode ser explicada
pelas necessidades fisiologicas de cada fase de desenvolvimento, enquanto na fase larval
a predilecao € por ambientes mais verdes, devido ao fato de indicar maior disponibilidade
de alimento, ap6s o climax metamorfico as ras-touro possuem habitos mais crepusculares,
apresentando uma predile¢do por ambientes azuis. Essas afirmagdes sdo reforgadas por
McLean (2021), em artigo de revisdo, que descreve a preferéncia por determinado
ambiente como espécie-especifico e que muitas vezes pode estar relacionado com habitos
alimentares e comportamentais da espécie, bem como sua capacidade visual em distinguir

cores dadas as suas necessidades fisiologicas e caracteristicas evolutivas.
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A grande maioria dos trabalhos disponiveis nao foi desenvolvido para o ambiente
de producdo (Hilken et al., 1994; Moriya et al., 1996; Wente e Phillips, 2005; Holmes et
al., 2016; Eterovick et al., 2018; Graves et al., 2023; Mir¢ et al., 2023), e mesmo que as
preferéncias tenham sido relatadas anteriormente como espécie especifico, as
informacdes disponiveis sobre diferentes espécies de anfibios podem oferecer
perspectivas iniciais para o desenvolvimento de novas pesquisas. Hilken et al. (1994)
constataram que ras Xenopus laevis pés-metamorficas criadas em aquarios de fundo preto
exibiram crescimento mais acelerado apds o primeiro més em comparagdo com aquelas
criadas em tanques com fundo branco. Ja ras criadas em tanques cinza tiveram resultados
intermediarios. Os achados de Moriya et al. (1996) com animais do mesmo género ¢
espécie corroboram os resultados de Hilken et al. (1994), indicando uma preferéncia dos
girinos por ambientes com fundo preto em comparacdo ao fundo branco, exceto pelos
girinos em sua fase inicial (pré-metamorficos), que apresentaram preferéncia pelo fundo
branco. Em estudo de Holmes et al. (2016), fémeas adultas de Xenopus laevis criadas em
ambientes branco apresentaram uma maior liberacdo de corticosterona na dagua,
comportamentos atipicos e perda de massa corporal, indicando um maior efeito estressor
do ambiente branco em relagao ao preto.

Em trabalho de Graves et al. (2023) utilizando outra espécie pertencente ao
mesmo género (Xenopus longipens), avaliou padrdes comportamentais de frequéncia de
natagdo e frequéncia de repouso. Os autores constataram um menor efeito estressor nos
animais criados em fundos de cores verde e cinza em comparagdo aos tratamentos com
fundo transparente ou de fundo preto.

Eterovick et al. (2018) avaliaram a preferéncia de girinos de duas espécies de
anuros (Bokermannohyla martinsi e Ololygon machadoi) quanto ao fundo amarelo, preto
e azul. Os girinos jovens de O. machadoi apresentaram preferéncia pelo ambiente de
fundo amarelo, uma vez que o ambiente de fundo azul ndo oferecia uma boa estratégia de
camuflagem, enquanto os girinos de B. martinsi nao demostraram preferéncia alguma.
Corroborando aos achados quanto ao comportamento encontrado por Moriya et al.
(1996), em estudo com girinos jovens de X. laevis, que também apresentaram preferéncias
por fundo claro (branco) em relacdo ao fundo preto, enquanto os girinos em avangado
estagio de metamorfose que demonstraram preferéncia por fundo preto.

Wente e Phillips (2005) avaliaram a preferéncia sobre a cor do ambiente de
pererecas Hyla regilla de duas diferentes coloracdes de pele, verde e marrom. Os autores

observaram que a escolha sobre a cor do substrato foi diferente entre os grupos
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observados, enquanto as pererecas de cor verde apresentaram preferéncia sobre um
substrato correspondente (verde), as marrons nao apresentaram preferéncia alguma.

Em recente estudo de Mir¢ e colaboradores (2023), com outra espécie de perereca
do género Hyla (H. arborea), foi identificado que estes animais possuem a capacidade de
alterar sua coloracdo conforme o ambiente de criagdo. Embora reversivel, os girinos de
H. arborea buscam ativamente por um ambiente que consigam se camuflar. Também
observado pelos autores, os girinos criados em tanques brancos apresentaram alteracdes
nos formatos do corpo (focinho, cauda e nadadeiras) em relagdo aos criados em cores
mais escuras.

As descobertas apresentadas por todos esses autores evidenciam como a
preferencias dos anfibios sobre o ambiente ainda ndo sdo claras, e podem ser
influenciadas por iniumeros fatores. Os trabalhos reforcam também a importancia de
estudos que investiguem o impacto de diferentes aspectos dos ambientes de criagdo no

bem-estar e desempenho dos anfibios criados em cativeiro.

2.4 Ferramentas estatisticas de analise de sobrevivéncia para a avaliacao do tempo
de metamorfose de girinos de ra-touro

Um dado importante a ser observado em estudos que avaliem a influéncia do
ambiente no desenvolvimento de girinos, ¢ o tempo de metamorfose. Para tal avaliagdo ¢
necessaria uma ferramenta estatistica capaz de comparar a probabilidade de diferentes
grupos experimentais de atingir o climax ou completar a metamorfose em um
determinado tempo.

A andlise de sobrevivéncia ¢ uma ferramenta estatistica utilizada quando o
objetivo € avaliar o tempo até um evento de interesse, comumente denominado de “falha”,
uma vez que essa ferramenta ¢ usada principalmente para analisar tempo de vida de
materiais e tempo de sobrevivéncia em humanos. Quando se avalia tempo até um evento
¢ frequente nao observar o evento (falha ou morte, por exemplo) em parte das unidades
experimentais, gerando assim uma observacdo parcial da resposta avaliada, chamada
censura (Colosimo e Giolo, 2006).

A censura € a ocasido pela qual ndo € possivel observar o evento de interesse, que
no caso da andlise de sobrevivéncia, o fim da vida do paciente. Desta forma a censura
pode ser qualquer situagdo adversa que gere a perda do acompanhamento dele. Quando
ha a censura do dado, o resultado que se tem ¢ de que o tempo até o evento em um
determinado individuo € maior do que o observado, uma vez que nao € possivel inferir

sobre esse tempo apds a ultima observagao (Colosimo e Giolo, 2006).
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Ainda de acordo com Colosimo e Giolo (2006), censuras podem ser classificadas
em trés tipos, I, II e censuras aleatorias. A censura do tipo I ocorrem quando a avaliagdo
dos dados ¢ feita por um periodo preestabelecido, e até o fim deste tempo, alguns
individuos ndo apresentaram o evento de estudo. O tipo II ¢ quando o estudo ¢ finalizado
ap6s um numero preestabelecido de individuos apresentarem o evento estudado.
Enquanto o terceiro tipo, ocorre quando se perde a informacao de um individuo sem que
tenha atingido o evento de avaliagao.

Apesar da sua grande relacao com estudos da area da satde, atualmente as analises
de sobrevivéncia tém sido aplicadas em estudos de diversas areas de conhecimento,
incluindo pesquisas nas areas de ciéncias agrarias (DiMaggio et al, 2009; Crespi e Warne,
2013; Guedes et al, 2017; Ferreira et al, 2023).

Considerando que a analise de sobrevivéncia tem o tempo até um evento como
variavel de interesse e faz o tratamento de dados com censura, essa ferramenta pode ser
adequadamente aplicada na ranicultura para avaliar o tempo de metamorfose de girinos
em diferentes condigdes. Nesse caso, o evento de interesse ¢ a metamorfose, assim ¢
possivel estimar o tempo até o climax metamorfico, o tempo para concluir o climax
metamorfico completando a transformagdo ¢ o tempo total para a conclusdo da
metamorfose.

No estudo do tempo até a metamorfose, ¢ possivel se deparar com os 3 tipos de
censura descritas na andlise de sobrevivéncia. Quando o experimento define um tempo
para o acompanhamento até a metamorfose, ¢ possivel observar a censura do tipo I, pois
ao final do periodo preestabelecido alguns individuos ndo terdo sofrido a metamorfose.
Em experimentos cujo término ¢ definido quando um nimero de individuos pré-
estabelecido atinge a metamorfose (com a finalidade de manter um niimero minimo de
observagdes) tem-se a censura do tipo II. Em ambas as situagdes pode ocorrer
simultaneamente a censura do tipo aleatdria, devido a por exemplo, a mortalidade
ocasional de girinos durante o experimento.

Dados de tempo até um evento com a presenca censura gera a necessidade de
incluir essas observacdes parciais na estimativa do tempo e a andlise de sobrevivéncia ¢é
a ferramenta estatistica adequada para essa avaliacdo. Ha diversas ferramentas de analise
de sobrevivéncia que podem ser aplicadas € uma das mais usadas ¢ o método estatistico
ndo paramétrico conhecido como estimador de Kaplan-Meier.

Proposto por Kaplan e Meier (1958), o estimador que leva o nome dos

pesquisadores que o desenvolveram, ¢ o mais utilizado em estudos da 4rea da saude que
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realizam analise de sobrevivéncia, tanto que o artigo que descreve o método foi ranqueado
em 2017 como o artigo de estatistica mais citado de todos os tempos pela Web of Science.

O estimador de Kaplan-Meier ¢ descrito por Colosimo e Giolo (2006), como uma
funcgdo escada decrescente, em que os degraus sao formados nos tempos em que ocorre o
evento. A fun¢do ¢ uma adaptacao da funcdo empirica, que na auséncia de censuras €

definida como:

R total de individuos que sobreviveram ao tempo t

S(t) =

total de individuos no estudo

Aplicada a observacao de tempo para atingir a metamorfose, o numerador pode
ser adaptado como “total de individuos a atingir o tempo ¢ sem sofrer metamorfose”. Na
apresentacdo os degraus sdo formados com tamanho de 1/n, e na presenca de empates o
degrau ¢ multiplicado pela quantidade de empates, ou seja, sempre que um animal atinge
a metamorfose, se eleva um degrau, se mais de um animal atingir a0 mesmo tempo, o
degrau ¢ multiplicado pelo nimero de individuos que sofreram o evento. Os intervalos
entre os degraus sdao determinados pelo nimero de tempos em que se apresenta os eventos.
Quanto mais tempos distintos com a presenga de eventos, maior ¢ o nimero de intervalos

(Figura 3).

1.0 ————————————————
' ol =47
‘.--l
o poot
0.8 1 ; :
' q '
4 H —
0.6 r
E -
0.4
ead & High food High water e
1 H High food Low water s
L]
.
0.2+ E Low food High water s
Low food Low water ===
) .
Y
o= - -

50 60 70 80 90 100 110

Figura 3. Efeitos da disponibilidade de alimentos e redugdo nos niveis de 4gua no tempo metamorfico de
Rana Sylvatica. Grafico de Kaplan Meier ilustrando a propor¢do cumulativa de individuos
metamorfoseando ao longo do tempo desde o inicio do experimento para cada tratamento: linhas pretas
indicam alta alimentag@o; linhas cinzas indicam baixa alimentacdo; linhas sélidas indicam maior nivel de

agua; linhas pontilhadas indicam baixo nivel d’agua. Grafico retirado do artigo de Crespi e Warne, 2013.
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De uma maneira pratica, quando um individuo ¢ censurado (sai do experimento
sem que tenha atingido o evento), a sua presenga até o momento da censura contribui para
a construcao da estimativa, mas a sua saida ndo afeta os degraus, pois o calculo de cada
tempo ¢ gerado a partir da informagao do niamero total de individuos até aquele momento.
Ou seja, dadas as censuras, o estimador de Kaplan-Meier estima a probabilidade de atingir

o evento de interesse nos intervalos de tempo (qj) da seguinte forma:

total de individuos com o evento de interesse no intervalo de tempo

U= total de individuos sob risco no intervalo de tempo

Para exemplificar, vamos considerar uma situagdo ficticia que se quer avaliar o
tempo de transformagio de girinos, baseados nos dados da Tabela 1, em que T(%))
representa a estimativa de Kaplan-Meier para os dados dos individuos que atingiram a
metamorfose e T (T complementar) representa a probabilidade complementar, ou seja,
dos individuos permanecerem nao transformados. A probabilidade de nao transformagao
(que ¢ analoga a probabilidade de sobrevivéncia nos estudos convencionais) ¢

representada pela formula:

Normalmente, em estudos que se avalia a sobrevivéncia, o T representa o dado de
interesse, que seria a probabilidade de o individuo nao sofrer a falha (mortalidade). No
entanto, considerando a metamorfose como o evento de interesse do estudo, € necessario
que a apresentagdo do dado seja a probabilidade de o girino sofrer a metamorfose ou T
(que corresponde a falha nos estudos convencionais), que € probabilidade complementar
dele ndo sofrer a metamorfose e pode ser obtida pelo célculo:

TH)=1-T

O simbolo # na Tabela 1 ¢ o tempo observado (dia), nj € o numero de individuos
sob risco (animais que ainda podem vir a sofrer metamorfose) no determinado tempo (#/)
e dj corresponde ao nimero de individuos que sofreram a falha, ou seja atingiram a
metamorfose. E importante também, observar que os individuos censurados (que
morreram antes de atingir a metamorfose), ndo aparecem no quadro, no entanto foram

incluidos no calculo do nj do tempo seguinte.
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Tabela 1. Estimativa de Kaplan-Meier para
dados de metamorfose

f nj Dj T T4

0 40 0 1,000 0,000
56 37 5 0,865 0,135
69 32 12 0,541 0,459
80 19 8 0,313 0,687
93 10 5 0,156 0,844

Considerando que se obteve os seguintes dados, as estimativas de Kaplain-Meier
para essa condicao é:

Exemplo 1: Estimativa da probabilidade de girinos nao atingirem a metamorfose
no dia 56:

T(56) = 1_[ 1- (337) — 10,135 = 0,865
tjst

Como observado no exemplo acima, o produto da equagdo ¢ a probabilidade de
0,865 ou 86% de chance de os girinos ndo comecarem a metamorfose ao tempo de 56
dias de experimento. No entanto, em estudos como este, o dado de interesse ¢ o
complementar do resultado observado, que seria a probabilidade de os girinos passarem
pela metamorfose ao tempo de 56 dias, para isso basta realizar a subtragdao do resultado
por 1.

Assim, T = Assim, 1 - 0,865 = 0,135, logo a probabilidade de que os girinos
passem pela metamorfose no tempo 56 € de 0,135 ou 13,5% de chance.

Uma caracteristica importante sobre a estimativa de Kaplan-Meier, ¢ que o
resultado de probabilidade ¢ condicional, a estimativa do tempo seguinte ¢ calculada
considerando o resultado da estimativa do tempo anterior (Colosimo e Giolo, 2006).

Para que o animal chegue ao tempo 69 sem sofrer a metamorfose, ele precisa
passar pelo tempo 56, sem ter entrado em metamorfose e condicionado a ter iniciado no
experimento no tempo 0. Dessa forma para o segundo e terceiro exemplo, podemos tratar

os tempos seguintes de 69 e 80 dias:
T 1 ( > ) 1 (12) (1-0,135) * (1 —0,375) = 0,540
— —_ | — * — | — = —_ * —_ =
T(69) = ﬂ = - , , ,
tjst

T(69) =1 — 0,540 = 0,459
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7(80) = 1]_[ 1-(55) (1‘(;_2»(1_(1%))

=(1-0,135) *(1-0,375) * (1 — 0,421) = 0,313

T(80) =1—0,313 = 0,687

Assim, a probabilidade de os girinos atingirem a metamorfose aos 80 dias de
experimento ¢ de 0,687 ou 68,7%.
Ao construir a curva da estimativa de Kaplan-Meier para os dados desta situagao

hipotética, € possivel obter a seguinte figura (Figura 4):
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Figura 4. Grafico de Kaplan-Meier dos dados para a estimativa de probabilidade de girinos atingirem a
metamorfose ao longo do tempo (linha azul), apresentados na Tabela 1. O intervalo de confianga é

representado pelo intervalo marcado de azul em torno da estimativa, representada pela linha azul..

Em estudos em que se avalie mais de um grupo de individuos e ¢ desejado a
comparagdo entre estes grupos, ao observar as curvas, ¢ comum que s€ pense na
comparagao entre os pontos dos degraus. No entanto, esta comparagao nao seria adequada
para avaliar os resultados fornecidos pelo estimador de Kaplan-Meier, uma vez que
estaria comparado apenas um determinado tempo de toda a avaliagdo do tempo. Para isso
sdo utilizados testes ndo paramétricos desenvolvidos para a avaliagdo de dados contendo
censuras, como o teste logrank (Mantel, 1966).

O logrank avalia a diferenca entre o nimero observado de ocorréncia do evento

de estudo em cada grupo, e uma quantidade esperada de ocorréncia do evento sob a
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hipotese nula, ou seja, de nao diferenga entre os grupos (Colosimo e Giolo, 2006). Esse
teste indicado para situagdes em que os grupos apresentem taxa de falha
proporcionalmente constantes, ou seja, situacdo em que 0s grupos apresentem certa
frequéncia de ocorréncia do evento observado. Considerando que para iniciar a
metamorfose o girino precisa atingir um determinado tamanho, um processo complexo
mediado pela acdo dos hormodnios relacionados ao crescimento, ¢ esperado que a
ocorréncia do evento de atingir o climax metamorfico ou completar a metamorfose, seja
aproximadamente constante ou frequente, que ocorra em tempo semelhante ou pouco
variavel. O que faz da aplicagdo do teste de logrank adequada para a comparacao das

curvas de tempo de metamorfose geradas pela analise de sobrevivéncia de Kaplan-Meier.
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ARTICLE INFO ABSTRACT

Keywards: This study examined the influence of tank color on the performance, time to metamorphosis, skin pigmentation,
Amphibia and biochemistry parameters of American bullfrog tadpoles and froglets. Six hundred radpoles (0.94 + 0.11 g)
fn:unbr:nn: :m:u were selected (Gosner stage - 25) and distributed in a completely randomized design in 15 tanks of 40 L (1
Fana caresheiana tadpole L) in a recirculating aquaculture system, five repetitions of each eolor (blue, black, and white). Bio-
Background celar metrics were performed every 14 days in all experimental units, and when the tadpoles at metamorphic climax
Welfare and following complete ransformation. Animals were weighed, measured, and photographed to evaluate the

growth performance, uniformity, and skin pigmentation analyses. At the conclusion of metamorphosis, teenty-
four animals randomly selected per treatment were euthanized. Twelve of them were macerated to performed of
the whole-body biochemistry analysis, and the other twelve were dissected to obtain the biological indexes. The
tadpoles raised in blue, and Black tanks reached the metamorphosis climax and transitioned into froglets more
rapidly (F < 0.05) than animals held in white tanks. However, tadpoles at metamorphic climax reared in black
tanks had prolonged time to complete the metamorphesis (P < 0.05). The tadpoles raised in blue background had
the higher values for final body weight throughour the experiment (F < 0.05). The tadpoles raised at blue and
black tanks had the higher values for body weight gain, body length, body length gain, protein efficiency ratio,
specific growth rate and lower feed conversion ratio throughout the experiment (P < 0L05). The pre- and pro-
metamorphic uniformity of tadpoles was affected by the color of the tank, with the white treatment having
lower uniformity at the 14, 42, 56, 70 and 98 days of the experiment (P < 0.05). In addition, tadpoles on
metamorphic climax and froglets raised on black, and blue tanks had darker color of skin compared with the
animals raised in white tanks, with animals raised in black tanks showing darker skin tones (F < 0,05). However,
neither the growth, and uniformity of tadpoles on metamorphic climax and froglets, nor the biological indexes
and whaole-body biochemistry of froglets were affected by tank color (P = 0.05). Therefore, considering the
homogeneity in growth, and time to metamorphosis, blue colored tanks represent best choice for reared of
American bullfrog tadpoles.

1. Intreduction

The welfare of an animal in captivity is influenced by its production
facilities. Optimizing environmental conditions in animal production
not only aligns with ethical standards, but promote welfare, and
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significantly enhances performance by creating favorable environments
for these organisms. In this context, it is important to understand how
the animal perceives and responds to the rearing environment. Among
the senses, vision plays a prominent role for most production animals,
and the color of the rearing environment plays a fundamental role in
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Abstract

This study examined the influence of tank color on the performance, time to
metamorphosis, skin pigmentation, and biochemistry parameters of American bullfrog
tadpoles and froglets. Six hundred tadpoles (0.94 = 0.11 g) were selected (Gosner stage
25) and distributed in a completely randomized design in 15 tanks of 40 L (1 tadpole L")
in a recirculating aquaculture system, five repetitions of each color (blue, black, and
white). Biometrics were performed every 14 days in all experimental units, and when the
tadpoles at metamorphic climax and following complete transformation. Animals were
weighed, measured, and photographed to evaluate the growth performance, uniformity,
and skin pigmentation analyses. At the conclusion of metamorphosis, twenty-four
animals randomly selected per treatment were euthanized. Twelve of them were
macerated to performed of the whole-body biochemistry analysis, and the other twelve
were dissected to obtain the biological indexes. The tadpoles raised in blue, and black
tanks reached the metamorphosis climax and transitioned into froglets more rapidly (P <
0.05) than animals held in white tanks. However, tadpoles at metamorphic climax reared
in black tanks had prolonged time to complete the metamorphosis (P < 0.05). The
tadpoles raised in blue background had the higher values for final body weight throughout
the experiment (P < 0.05). The tadpoles raised at blue and black tanks had the higher
values for body weight gain, body length, body length gain, protein efficiency ratio,
specific growth rate and lower feed conversion ratio throughout the experiment (P <
0.05). The pre- and pro-metamorphic uniformity of tadpoles was affected by the color of
the tank, with the white treatment having lower uniformity at the 14, 42, 56, 70 and 98
days of the experiment (P < 0.05). In addition, tadpoles on metamorphic climax and
froglets raised on black, and blue tanks had darker color of skin compared with the
animals raised in white tanks, with animals raised in black tanks showing darker skin
tones (P < 0.05). However, neither the growth, and uniformity of tadpoles on
metamorphic climax and froglets, nor the biological indexes and whole-body
biochemistry of froglets were affected by tank color (P > 0.05). Therefore, considering
the homogeneity in growth, and time to metamorphosis, blue colored tanks represent best
choice for reared of American bullfrog tadpoles.

Keywords: Amphibia, Aquarana catesbeiana, Lithobates catesbeianus, Rana catesbeiana,

Background color, Welfare.
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3.1. Introduction

The welfare of an animal in captivity is influenced by its production facilities.
Optimizing environmental conditions in animal production not only aligns with ethical
standards, but promotes welfare, and significantly enhances performance by creating
favorable environments for these organisms. In this context, it is important to understand
how the animal perceives and responds to the rearing environment. Among the senses,
vision plays a prominent role for most production animals, and the color of the rearing
environment plays a fundamental role in productive success (McLean, 2021).

Frogs, like most vertebrates, have rod and cone photoreceptor cells. Rods are
associated with light sensitivity, while cones are related to color perception (Yovanovich
et al., 2017). Evidence suggests that anurans can identify and differentiate certain colors
based on light in tensity, and the preference for the color of the environment may even
change according to the developmental phase of animal (Jaeger and Hailman, 1976;
Yovanovich et al., 2017). Moriya et al. (1996) demonstrated that Xenopus laevis tadpoles
show a preference for the color white, in the initial stages of development, during pre-
metamorphosis, while animals at the climax of metamorphosis and froglets prefer to
remain in an environment with a black background. Furthermore, Ruchin (2003)
demonstrated that the exposure of Rana temporaria tad poles to monochromatic lights of
different wavelengths interferes with the growth, uniformity, and metamorphosis duration
in this species.

Several studies have investigated the color preferences of the pro duction
environments of different fish species, e.g., tilapia Oreochromis niloticus (Volpato et al.,
2004; McLean et al., 2008; Jegede, 2011; Elnwishy et al., 2012; Opiyo et al., 2014),
tambaqui Colossoma macropomum (Pedreira and Sipatba-Tavares, 2001; Boaventura et
al., 2021), pacama Lophiosilurus alexandri (Costa et al., 2017), panga Pangasius
pangasius (Ferosekhan et al., 2020), among other species of productive interest. On the
other hand, information on the influence of environment color on the lives of amphibians
is limited. Moreover, most such studies have not been focused on frog production systems
(Hilken et al., 1994; Moriya et al., 1996; Ruchin, 2003; Wente and Phillips, 2005; Holmes
et al., 2016; Eterovick et al., 2018; Graves et al., 2023; Mir'c et al., 2023; Weli et al.,
2023). Furthermore, although the American bullfrog Aquarana catesbeiana (Shaw, 1802)
is the main frog species produced in the world for human consumption, there is no record

in the literature about the influence of environment color on the production of this species.
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World production of live frogs increased by approximately 48% in 15 years,
jumping from 71.2 to 147.8 thousand tons from 2005 to 2020 (FAO, 2022). Among the
species produced, the American bullfrog stands out, the species responsible for 88% of
global production. Currently the largest producers of the American bullfrog are Taiwan,
Malaysia, Singapore, Brazil, Ecuador, and Mexico (FAO, 2021). However, despite being
produced in several countries, problems related to the lack of standardization of facilities,
as well as management techniques, are very common in all phases of American bullfrog
reared, which negatively impacts the productive capacity of bullfrog farming.

Given the recognition of American bullfrog production on the world stage, the
importance of developing research into the preferences of this anuran regarding
environmental aspects focused on animal production stands out, with the purpose of
promoting knowledge and improvement in production environments, offering better
welfare conditions for a more ethical and efficient production chain. Therefore, the
present study aimed to understand the influence of the color of the production
environment on performance, time to metamorphosis and some biochemistry parameters
of American bullfrog tadpoles.

3.2. Material and methods

3.2.1 Ethics statement and location

All procedures of this study were approved by the Ethics Committee on the Use
of Animals of the Federal University of Minas Gerais (UFMGQG), under protocol: 114/2023.
The experiment was conducted at the Aquaculture Laboratory of the Veterinary School
of UFMG, Belo Horizonte, Minas Gerais, Brazil (192 52'15.916* S - 430 58° 13.157” W).

3.2.2 Experimental facilities, conditions, and experimental design

The American bullfrog tadpoles (Aquarana catesbeina) used in the research were
obtained from four events of spawning carried out from November to December 2022 in
the UFMG Bullfrog Farming Sector. Six hundred tadpoles were selected at stage 25 of
Gosner's (1960) classification. The animals were weighed (0.94 + 0.11 g), measured —
total length (4.45 £ 0.37 cm) and distributed in a completely randomized design in 15
tanks, five repetitions of each color (blue royal — code: #2431cf, white — code: #{fffff, or
black — code: #000000) (Fig. 1A and B), with a volume of 40 L of water at a density of
one tadpole per liter (40 tadpoles per tank), in a Recirculating Aquaculture System - RAS.

The water flow was adjusted to two complete renewals per hour in the system (80 L h— 1
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tank !). These colors were chosen because they are the most available on the Brazilian
market and, therefore, are the most used in aquaculture.

The tadpoles were maintained in artificial photoperiod of 12 L:12 D (L — hours of
light and D — hours of dark). Air temperature (25.02 + 1.18 °C) and water temperature
(26.42 = 1.67 °C) were daily measured, 3% daily (8:00 h, 12:00 h, and 16:00 h). The
maximum and minimum air temperatures (26.23 + 1.08 °C and 23.12 + 1.37 °C) and water
temperatures (27.26 = 1.55 °C and 25.48 £+ 1.86 °C) were also measured daily, before the

first feeding. A maximum and minimum digital thermometer was used to measure

temperatures (Instrutherm® — TH-200).

Figure 1. Experimental facilities

A — photo of the water recirculation system used in the experiment; B, C and D — representation of the
black, white and blue tanks, respectively, used to raise American bullfrog tadpoles until they reach their
metamorphic climax; E, F and G — representation of the blue, black and white tanks, respectively, used to
accommodate American bullfrog tadpoles in metamorphic climax until the metamorphosis completion;
Inside the tanks are translucent plastic pots where the animals were individually accommodated. Each of
these pots had perforations in the base and lid to allow water circulation and air, respectively. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this

article).

Toxic ammonia (0.01 £+ 0.01 mg L"), pH (7.28 + 0.25) and nitrite (1.53 + 0.83
mg L) were measured using specific commercial tests (LABCON®), once a week,

before the first feeding of the day. Dissolved oxygen (4.59 + 0.66 mg L") and oxygen



48

saturation percentage (54.46 + 9.24%) were also measured once a week with an
EcoSense® DO200A oximeter.

3.2.3 Feeding management

The tadpoles were fed with an extruded commercial feed for carnivorous fish (Pira
" Evolution Carnivorous, Guabi®), which contained 40% crude protein, 10% ether extract,
7% fibers and 16% mineral matter. For better consumption by the tadpoles, the feed was
crushed in a stirred pin-mill and passed through a 1 mm sieve until a meal was obtained.
Feeding was conducted five times a day (8:00 h, 10:00 h, 12:00 h, 14:00 h and 16:00 h),
using a maximum feeding rate based on the average weight of the tadpoles to avoid
overfeeding and compromising water quality. Feeding rates were updated according to

the biometric table of Lima et al. (2003).

The tanks were cleaned daily, by siphoning, 30 min. after the last feeding of the
day. After cleaning the tanks, the water was replaced directly in the filter, to maintain

system water volume.

3.2.4 Biometrics and assessment of metamorphosis stages

Biometrics were performed every two weeks (14 days), randomly sampling 25
tadpoles per box. For each box, tadpoles were weighed, measured — total length and
photographed. The images were obtained from a 48MP super quad camera (8000 x 6000
pixels resolution) on an Android smartphone (Xiaomi Redmi Note 10, M2101K7AI). The
photos were recorded using a white background to better identify the stages of
metamorphosis, according to Gosner (1960) (Fig. 2). At each biometric sampling, animals
were staged and grouped into pre-metamorphic, pro-metamorphic, metamorphic climax
and froglets stages, according to Etkin's classification (Etkin, 1966), to determine the
proportions of the animals in each phase of metamorphosis.

The tadpoles were kept in the tanks until the last treatment reached 80% of
tadpoles at stage 42 of Gosner's classification (Gosner, 1960), corresponding to the climax
of metamorphosis, which occurred after 108 days of experimentation. The other 20% that
did not reach stage 42 of metamorphosis were weighed and measured at 108 days to
obtain performance data; and photographed, to identify the stages of meta morphosis.
This strategy in the methodology was used to overcome the lack of synchronization in the
metamorphosis of American bullfrog tadpoles (even with tadpoles of the same age), a

problem that is already widely known within American bullfrog farming.
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Upon reaching the metamorphic climax, the tadpoles from each treatment were
transferred to metamorphosis tanks of the same color (Fig. 1C), according to the color of
the tank of origin. In the metamorphosis tanks, the tadpoles in metamorphic climax were
separated individually into transparent circular polyethylene pots measuring 12 cm in
diameter and 20 cm in height, which were duly marked to record the day the tadpole
entered the climax of metamorphosis and exited as an froglet. To allow the exchange of
water with the metamorphosis tank, these pots were perforated at their base. To prevent
escape of the animals at the end of metamorphosis, these pots contained lids with small
perforations to allow air to enter. The metamorphosis tanks were also circular, with a
capacity of 40 L of useful volume, maintained in a water layer of 2 cm high (Fig. 1C).

The metamorphosis tanks were also maintained in a water recirculation system.

Figure 2. Stages of metamorphosis.

A — American bullfrog tadpole in the pre-metamorphosis stage (Stage 29 of Gosner's table — where the
length (L) and diameter (D) ratio of the appendage is: L > 1.5 x D). B — Americaan bullfrog tadpole in the
pro-metamorphosis stage (Stage 41 of Gosner's table — where the legs are fully formed and the forelimbs

are already noticeable, but internally). The green arrow and enlarged image show the presence of a small
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appendage that will become the hind legs. (For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article).

Therefore, the time for reach the metamorphosis climax and complete
metamorphosis were estimated based on the start date of the experiment and the dates
which animals reached the metamorphic climax and completed metamorphosis,
respectively. Likewise, the duration of the metamorphic climax phase until the animal
transformed into a froglet was estimated, based on the date the tadpoles entered
metamorphic climax and the day they completed metamorphosis. After 120 days of
experimentation, the last tadpole kept in the metamorphosis tank, which had entered at
108 days, transformed into a froglet, ending the experimental period.

3.2.5 Analysis of skin color

The skin color of tadpoles in metamorphic climax and froglets were measured
following the L*a*b* coordinates, using the Colorimeter application developed by
Research Lab Tools, Sdo Paulo, Brazil, available on the Play Store (Ravindranath et al.,
2018; Boaventura et al., 2021). Pictures of ten animals per treatment were taken by a
48MP super quad camera (resolution of 8000 x 6000 pixels) on an Android smartphone
(Xiaomi Redmi Note 10, M2101K7AI) when they reached the metamorphic climax, and
from ten other animals per treatment upon completing the metamorphosis, during the
transformation into froglets. The pictures were taken with the animals in a horizontal-
dorsal position, framing the entire body from the base of the tail to the mouth when
tadpoles in metamorphic climax and from the cloaca to the mouth when froglets.

From the photos, four points were marked, center of the head, right side of the
body, left side of the body and close to the base of the tail, and the coordinates L*a*b*
were measured (Fig. 3), where L* represents luminosity (with lower values closer to black
and higher values closer to white), a* measures from green to red (lower values closer to
green, higher values closer to red), and b* measures from blue to yellow (lower values
closer to blue, higher values closer to yellow). Using the coordinates, the individual
average color value of each animal photo graphed was determined, and the difference in

skin color among the animals in different treatments was analyzed.
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Figure 3. Analysis of skin color.
The green circles represent the points used to measure the L*a*b* coordinates. A — American bullfrog
tadpole in metamorphic climax and B — American bull frog froglet. (For interpretation of the references to

color in this figure legend, the reader is referred to the web version of this article).

3.2.6 Growth performance

The animals were counted, weighed, and measured to determine the growth
performance variables, throughout the experiment, during bio metrics, and as soon as the
tadpoles reached the metamorphosis climax and the froglets phase:

* Survival rate (SR) SR (%) = (final number of animals/initial number of animals)
x 100

» Weight (g) of the tadpole at the climax of metamorphosis (FW climax) and weight
gain (g) until the tadpole reaches metamorphic climax (WG climax)

WG climax (g) = FW climax—W initial

* Specific growth rate of the tadpole in the metamorphic climax phase (SGR climax)

SGR ciimax (%day ~ 1) = [(In FW ¢limax—In Winitia)/n © of days] x 100

» Weight (g) of froglets (FW froglets) and weight gain (g) until the animal reaches
the froglet stage (WG froglets)

WG froglets () = FW froglets—W initial

* Specific growth rate of froglets (SGR fioglets)

SGR froglets (Yoday 1) = [(In WF froglets—In W initia1)/n © of days] x 100
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* Length (cm) of tadpoles in the metamorphic climax phase (L ciimax) and length
of froglets (L froglets)

* Length gain (cm) of tadpoles until the animal reaches metamorphic climax

LG climax (g) = FL climax—L initial

* Feed conversion ratio of tadpoles at the climax of metamorphosis (FCR climax)

FCR climax = feed intake/WG climax

* Feed conversion ratio of froglets (FCR foglets)

FCR froglets = feed intake/WG froglets

* Protein efficiency ratio of tadpoles at the climax of metamorphosis (PER climax)

PER climax = WG climax/protein intake

* Protein efficiency ratio of froglets (PER foglets)

PER froglets = WG froglets/protein intake

3.2.7 Biochemical analyses

In the metamorphosis tank, twenty-four animals from each treatment were
collected after completing metamorphosis. Eight animals were selected in three different
periods (May, June, and July), to avoid possible interference of time on the evaluated
parameters.

The animals were euthanized by an overdose of eugenol (84.8 mg mL™!). Twelve
froglets were used for whole body biochemistry analyses, while the other twelve animals
were used to determine biological indexes (viscerosomatic, hepatosomatic and
liposomatic indexes). After euthanasia, the froglets were placed on a dry, clean cloth to
remove excess liquid and then macerated individually in a ceramic mortar with a pestle
until a homogeneous product was obtained. The macerated product of each froglet was
identified and stored individually, in 15 mL falcon tubes and frozen at — 20 °C.

Subsequently, the tubes were thawed at room temperature and the macerated
materials were individually weighed. For each weighed sample, milli-Q water was added
in equal proportion to the sample weight (1:1). The material was then homogenized and
transferred to 50 mL falcon tubes, which were centrifuged for 6 min. at a g-force of 8664
g (10,000 rpm and centrifuge radius of 6.5 cm) (Thermo Scientific® Heraeus Megafuge
16R), to separate solid material from body fluids. Afterwards, the supernatant was
collected and transferred to 2 mL microtubes and centrifuged again (Spinlab® model SL-
5 AM) for 6 min. at a g-force of 7267 g (10,000 rpm and centrifuge radius of 7.75 cm)

for complete separation of the solids from liquid material. The liquid part was collected
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again, which was transferred to new 2 mL microtubes, which were frozen at — 20 °C for
subsequent biochemical analyses.

The supernatant liquid resulting from the technique was used to determine glucose
(mg dL™ 1), total proteins (g dL™ '), albumin (g dL™ '), lactate (mg dL "), triglycerides (mg
dL™ 1), cholesterol (mg dL~ !), alanine aminotransferase (U dL~ !), aspartate
aminotransferase (U dL™ !) and urea (mg dL™ !), analyzed using commercial kits for
biochemical determination (Bioclin®). The globulins (g dL~!) were determined based on
the difference between total proteins and albumin, and the albumin:globulins ratio (A:G)
was also performed.

3.2.8 Biological indexes

Twelve froglets, recently metamorphosed per treatment, were weighed, measured
and, after being euthanized by an overdose of eugenol (84.8 mg mL™!), they were
dissected to remove the viscera, which were weighed to determine the viscerosomatic
index. Then, the liver and body fat were separated, which were individually weighed to
determine the hepatosomatic and liposomatic index respectively.

* Viscerosomatic index — VSI (%):

VSI (%) = (viscera weight live weight ) x 100

* Hepatosomatic index — HSI (%):

HSI (%) = ( liver weight live weight ) x 100

* Liposomatic index — LSI (%):

LSI(%) = (fat body weight live weight ) x 100

3.2.9 Statistical analysis

To calculate the time estimates for each phase (total metamorphosis time, time
between the beginning of the experiment and the meta morphic climax and time between
the metamorphic climax and the completion of metamorphosis) and survival, the animals
were monitored individually, recording the beginning and end of each phase for each
individual and the moment of mortality, respectively. These data were analyzed using the
Kaplan-Meier non-parametric estimator (Colosimo and Giolo, 2006). This technique
calculates the probability of an event occurring (in this case, completing each of the
phases or death) over time for each treatment (tank color white, blue or black). Logrank
test was used to compare the curves of estimated transformation time and survival
(Colosimo and Giolo, 2006). Chi-square test was used to analyze the distribution of

animals in each category of Etkin's classifi cation (Etkin, 1966).
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Linear regression models were fitted for over time for each treatment (tank color
white, blue or black). The goodness of fit of regression models was evaluated by residual
analysis and coefficient of determination (R?) (Agresti, 2015). The method of weighted
least squares was used for fitted models of final weight, weight gain, length, length gain,
specific growth rate, and feed conversion of tadpole since unequal variance were observed
over the time for these variables. The feed intake model was adjusted by the ordinary least
squares and weighted least squares method and by mixed models considering the tank as
a random effect, however for none of these models the adjustment was adequate.

To compare body size uniformity between treatments, an individual measurement
of body weight was made in 25 tadpole per tank at 0, 14, 28, 42 and 56 days (125
individuals per treatment in each time), due to the inconsistent number of animals in the
treatments, which changed due to the transformation of the animals at 70, 84, 98 and 108
days, the number of animals evaluated was corrected (159, 130, 86, 46 in dividuals per
treatment respectively), and 109 froglets. The homoge neity of variance was tested by
Levene test and F-test (with Bonferroni correction for multiple-comparison).

The normality and homogeneity of variance (assumptions of ANOVA) were
tested by Shapiro-Wilk test and Levene test, respectively, for variables of growth
performance (weight gain, length gain; protein efficiency rate, feed conversion, specific
growth rate and feed con sumption per tadpole), whole body biochemistry parameters and
bio logical indices. When assumptions of ANOVA were met, the data was subjected to
ANOVA followed by Tukey's test (CV < 10%), Student—-Newman—Keuls (SNK) test (CV
from 10% to 15%) or Duncan test (CV > 15%). For data that did not follow a normal
distribution and/or homogeneity of variance, we used the Kruskal-Wallis nonparametric
test.

For the skin color of tadpoles in metamorphic climax and froglets, the L*a*b*
coordinate information of the four measured points was tabulated, and the median values
were used to calculate the average color for each individual. Subsequently, treatment
averages were computed. As the treatment means did not exhibit normality and/or
homoscedasticity, the Kruskal-Wallis non-parametric test was performed.

The results were analyzed using the ‘R' software (R Core Team, 2022) and
survival (Therneau, 2022), survminer (Kassambara et al., 2021), Tidyverse (Wickham et
al., 2019), Car (Fox and Weisberg, 2019), grid Extra (Auguie, 2017) and
ResourceSelection packages (Lele et al., 2019). For all statistical analysis, differences

were considered significant at P < 0.05.
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3.3. Results

3.3.1 Effect of tank color on metamorphosis

The color of the tank affected the total metamorphosis time of the tadpoles.
Tadpoles in blue and black tanks tend to complete meta morphosis in a shorter time than

tadpoles raised in white tanks (Fig. 4A).

Tank color =+ Blue White == Black

-
=1
=

075

Probability of completing
metamaorphosis

Probability of reaching the
climax of metamorphosis

Probability of completing
metamorphic climax

Time (Days)

Figure 4. Probability of transformation in American bullfrog tadpoles raised in different colors tanks
occurrence over time estimated by Kaplan-Maier and compared by the Logrank test.

A —represents the probability of a treatment completing the metamorphosis; B — represents the probability
of a treatment reaching the metamorphic climax; C — represents the probability of a treatment completing

metamorphosis from the metamorphic climax.

Considering only the time to reach the metamorphic climax, the color of the tank

did not have a significant effect on the transformation (Fig. 4B). As for the time to
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complete the metamorphic climax, animals kept in black tanks had a longer time to
complete this period, when compared to those kept in white and blue tanks (Fig. 4C).
Regarding the proportion of animals per category, according to Etkin's (1966)
classification, the color of the tanks did not significantly affect (P > 0.05) the proportions
of the animals in metamorphosis phases at any of the evaluation times. Throughout the
experimental period, a greater proportion of tadpoles were observed in the pre-
metamorphosis stage, up to the 42nd day of evaluation. On the 56th and 70th days of
evaluation, there was a greater proportion of tadpoles in the pro-metamorphosis phase.
Greater proportions of tadpoles at the climax of metamorphosis were demonstrated on the

84th, 98th, 108th and 120th days of evaluation (Fig. 5).
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Figure 5. Proportion of American bullfrog tadpoles and froglets phases according to Etkin's classification
(Etkin, 1966) throughout the experiment.

The categories distribution did not differ between treatments according to the chi-square test (P > 0.05).

3.3.2 Growth performance of pre- and pro-metamorphic tadpoles

At the end of the experiment, there was no effect of tank color on animal survival
(P > 0.05). Mean survival was 96.5 £ 4.1; 98.0 £ 3.2; and 99.5 £ 1.1, for animals raised
in black, blue, and white tanks, respectively.

Tadpoles reared in white tanks showed lower values for final weight, weight gain,
feed conversion ratio and protein efficiency ratio (P < 0.05) compared to those tadpoles
raised in black and blue tanks (Figs. 6 and 7). Animals raised at blue tanks showed the
highest values for final weight (P < 0.05).
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Figure 6. Final weight (g) of American bullfrog tadpoles raised for 108 days in blue, white and black
tanks.
Regression model: Final weight = —2.19+0.30°Day-0.001Day*+0.47-White+0.23+Black-0.02+Day+White-
0.01<DayBlack R?= 0.898. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article).

Final length and length gain were also affected by the treatment (P < 0.05).

Tadpoles raised in white and black tanks showed lower values compared to those raised

in blue tanks (Fig. 7).
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Figure 7. Weight gain (g), length (cm) and length gain (cm), specific growth rate (%. day ™), feed
conversion ratio and protein efficiency ratio, of American bullfrog tadpoles raised in blue, white and
black tanks.

Regression model: Weight gain = —1.77+0.19+Day-0.0005+Day?+0.30White-0.01*DaysWhite R? = 0.975.

Length = 3.73+0.13+Day-0.0006+Day*+0.39+White+0.23+Black-0.01+Day*White R? = 0.984.
Length gain = —0.64+0.13°Day-0.0006°Day*+0.22*White+0.19+Black-0.01+Day-White R? = 0.985.
Specific growth rate = 5.68—0.03+Day-0.09+White R? = 0.969.
Feed conversion ratio = 0.74+0.00007<Day>-0.12¢White+0.002*Day*White R? = 0.901.
Protein efficiency ratio = 3.14-0.02°Day+0.00005<Day>-+0.25*White-0.003*Day*White R = 0.905.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version
of this article).
As expected, the average final weight, weight gain, final length, length gain, and

feed conversion ratio increased over the time of the experiment, while the specific growth

rate and protein efficiency ratio decreased (P < 0.05; Figs. 6 and 7).
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The interaction of treatment and biometry significantly affected (P < 0.05) the
final weight (Fig. 6), weight gain, final length, length gain, feed conversion ratio and
protein efficiency ratio of tadpoles grown in white tanks throughout pre- and pro-
metamorphic development (Fig. 7).

The color of the tank affected the uniformity of tadpole weights (P < 0.05).
Tadpoles raised in white tanks showed greater weight variation on days 14, 42, 56, 70
and 98 of the experiment (Fig. 8), while tadpoles raised in black, and blue tanks, showed
better uniformity.

3.3.3 Growth performance of tadpoles in metamorphic climaxes and froglets and
biological indexes of froglets

Tank color did not affect (P > 0.05) the survival rate of the tadpoles at the climax
of metamorphosis until froglet transformation. There was no mortality at this stage. The
final weight, final length, weight gain, length gain, feed conversion ratio, protein
efficiency ratio and specific growth rate of tadpoles at the climax of metamorphosis and
froglets also was not affect by the tank color (P > 0.05; Table 1).

There was also no effect of the treatment (P > 0.05) on the uniformity of the
tadpoles in metamorphic climax and froglets (Fig. 9).

The color of the tank also did not affect (P > 0.05) the hepatosomatic (HSI),
liposomatic (LSI) and viscerosomatic (VSI) indexes of bullfrog froglets (Table 2).
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Figure 8. Weight distribution of American bullfrog tadpoles (including metamorphic climax tadpoles)
raised in blue, white and black tanks throughout the experi mental period.

The P-value refers to the Levene test, which compares the variances between treatments. P-value < 0.05
indicates a significant difference in variances between treatments. Standard deviation of weight of different
treatments during biometrics: 0 Days: Black — 0.108, Blue — 0.112, White — 0.112; 14 Days: Black - 0.524,

Blue - 0.540, White - 0.650; 28 Days: Black - 1.57, Blue - 1.60, White - 1.78; 42 Days: Black - 2.56, Blue
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- 2.75, White - 3.08; 56 Days: Black - 2.90, Blue - 3.22, White - 3.83; 70 Days: Black - 2.91, Blue - 3.04,
White - 3.60; 84 Days: Black - 2.78, Blue - 2.66, White - 3.23; 98 Days: Black - 2.92, Blue - 2.23, White -
2.94; 108 Days: Black - 2.81, Blue - 2.42, White - 2.28. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article).

Tadpole in metamorphic climax Froglets

0.20- 03-

P-valor = 0.4088 P-valor = 0.4295

0.15-
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Tank color [ Black ] Biue [ | white

Figure 9. Weight distribution of American bullfrog tadpoles in metamorphic climaxes and froglets raised
in black, blue, and white tanks.

Standard deviation of tadpole weight at metamorphic climax by treatment: Black — 1.40; Blue — 1.49;
White— 1.59. Standard deviation of froglets weight by treatment: Black — 2.11; Blue — 2.31; White — 2.31.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version

of this article).

Table 1. Growth performance of Bullfrogs tadpoles raised in three different color
environments during metamorphic climax and froglets phase.

Tadpoles at metamorphic climax

Blue White Black P-value
SR (%) 9428 + 5.35° 97.68 + 2.40° 9486 + 1.27° 0.29882
W (g) 12.04 + 0.69* 12.35 + 0.75% 11.88 + 0.37° 0.4962!
L (cm) 3.44 + 0.05° 345 + 0.07% 34 + 0.03% 0.2907!
WG (g) 11.09 + 0.71% 1141 + 0.75% 10.94 + 0.36% 0.5145!
FCR 2.06 + 0.16* 1.98 + 0.14% 2.12 + 0.09* 0.3050!
PER 1.08 + 0.08? 1.12 + 0.08? 1.05 + 0.04* 0.2977!
SGR climax 3.11 + 0.03? 3.11 +£ 0.03? 3.14 = 0.02% 0.3400!

Froglets

Blue White Black P-value
W (g) 795 + 0.59* 8.08 + 0.44° 7.70 £ 0.29° 0.4219!
L (cm) 347 + 0.08 3.54 + 0.09? 347 + 0.06° 0.3396!
WG (g) 7.00 £ 0.60° 7.14 + 0.44° 6.77 £ 0.28* 0.32962
FCR 3.27 + 0.31° 3.17 £ 0.21* 343 + 0.19* 0.2767!
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PER 0.68 + 0.07° 0.7 + 0.05% 0.65 + 0.04° 0.2981"
SGR froglets 244 + 0.04° 243 + 0.03* 246 + 0.02° 0.2808>

SR (%) = Survival rate; W (g) = Weight; L (cm) = Length; WG (g) = weight gain; FC = Food
conversion rate; PER = Protein efficiency rate and SGR = Specific growth rate. Different
letters on the same line indicate significant difference (P < 0.05) between treatments during
the corresponding period. Values are expressed as mean + standard deviation.

"Tukey, 2Kruskal-Wallis

Table 2. Biological indexes of Bullfrogs froglets raised in blue, white, and black tanks.

Blue White Black P-value
HSI 5.26 + 0.73® 4.65 + 0.66* 498 + 0.57° 0.08732
LSI 6.76 + 1.32° 6.82 + 0.75* 6.88 + 1.11°8 0.9645°3
VSI 18.24 + 1.18* 18.28 + 1.67° 17.33 + 1.09? 0.16251

HSI = Hepatosomatic Index; LSI = Liposomatic Index and VSI = Viscerosomatic Index.
Equal letters on the same line indicate that there is no significant difference (P > 0.05)
between treatments during the corresponding period. Values are expressed as mean +
standard deviation.

"Tukey, >SNK e *Duncan

3.3.4 Effect of tank color on skin coloration of tadpoles in metamorphic climax
and froglets

Visual observation of skin color indicated a difference between animals from
tanks of different colors (Fig. 10). In fact, the treatment influenced the color of the animals
(P < 0.05), the average L* coordinate (Fig. 11A) were higher for the tadpoles in
metamorphic climaxes raised in blue, and black tanks, indicating that the animals in those
tanks are darker in relation to those raised in white tanks. For the a* coordinate (Fig. 11B),
animals raised in black tanks had lower values compare to other treatments, whereas in
b* coordinate (Fig. 11C) all the treatments differed from each other, with black presenting
the lowest values. Thus, the a* and b* coordinates values of the black treatment were also

influenced by the darker tones, resulting in tones closer to green and blue, respectively.
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Figure 10. Skin color difference in American bullfrog tadpoles and froglets coloration reared in black, blue,
and white tanks.

A = Metamorphic climax tadpoles raised in black tanks (1), blue tanks (2) and white tanks (3). B = Froglets
from tadpoles raised in black (1), blue (2) and white (3) tanks. (For interpretation of the references to color

in this figure legend, the reader is referred to the web version of this article).

Considering froglets, the treatments also influenced the skin color of the animals.
As for tadpoles in metamorphic climax, froglets raised in black, and blue tanks presented
lower values for L* (Fig.11D), compared to animals raised in white tanks, indicating that
animals raised in black tanks and blue tanks had darker skin compared to those raised in
white tanks. As for the b* (Fig.11F), the black treatment had the lowest values, differing
from the white treatment. The froglets from the black tanks presented skin tones closer to
the blue tone, while the froglets from the white tanks presented tones closer to the yellow.

The blue treatment presented an intermediate result, not differing from white or black for
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b* coordinate. The a* coordinate (Fig.11E) showed no difference between treatments (P

>0.05).

Tadpole skin pigmentation in metamorphic climax
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Figure 11. L*a*b* coordinates of skin coloration of American bullfrog tadpoles in metamorphic climax

(A, B and C) and froglets (D, E and F).

Different letters on the same figure indicate that there is significant difference between treatments (P <

0.05).

3.3.5 Biochemistry of whole-body macerate

The color of the tanks did not affect (P > 0.05) the levels of glucose, total proteins,

albumin, globulins, albumin: globulins ratio, cholesterol, triglycerides, lactate, alanine

aminotransferase (ALT), aspartate aminotransferase (AST) and urea, evaluated in the

whole-body macerate of bullfrog froglets (Table 3).

Table 3. Biochemical parameters of whole-body macerate of Bullfrog froglets reared in

tanks of different colors.

Biochemical parameter Blue White Black P-value
Glucose (mg dL™) 260.43 + 62.69* 266.81 £ 44.08* 257.85 + 56.83* 0.9195'
Total proteins (g dL™) 1.35 £ 0.36° 1.36 + 0.21° 1.33 + 0.33*  0.92712
Albumin (g dL™) 0.90 £ 0.30° 0.81 £ 0.33* 0.85 + 0.34*  0.72722
Globulins (g dL™) 0.50 £ 0.09? 0.55 £ 0.44° 049 + 0.16*  0.7689*
A:G 1.74 + 0.52% 2.53 + 2.15° 1.82 + 1.05*  0.8666*
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Cholesterol (mg dL™) 13.67 + 8.10°  11.58 + 3.75* 1272 + 4.18  0.9339
Triglycerides (mg dL")  601.18 + 156.53* 533.00 + 139.64° 597.46 + 159.58% 0.6023>
Lactate (mg dL™) 118.20 + 32.79° 107.19 + 15.96* 11223 + 18.96" 0.7032
ALT (U dL") 033 + 0.00° 0.33 + 0.00° 033 + 0.00° 0.1912
AST (U dL™) 032 + 0.00° 032 + 0.00° 032 + 0.00° 0.5977
Urea (mg dL™) 31.96 + 7.78"  32.85 + 7.30°  30.57 + 4.34°  0.8370°

A:G = Albumin: Globulin Ratio, ALT = Alanine Aminotransferase and AST = Aspartate
Aminotransferase. Equal letters on the same line indicate that there is no significant difference (P
> (.05) between treatments during the corresponding period. Values are expressed as mean +

standard deviation.
"Tukey, *KruskalWallis

3.4. Discussion

Tadpoles are more vulnerable than adults to predation due to their small size and
relative lack of mobility (Duellman and Trueb, 1994). Therefore, amphibians adopt
different strategies to increase the probability of survival, one of which is to accelerate or
delay the process of metamorphosis. According to Denver (1997b), the advance or delay
in metamorphosis time is influenced by genetic factors, innate to the species, and
environmental factors. Variation in population density, decrease in water volume where
these animals live, risk of predation and food availability are examples of environmental
factors widely experienced by these organisms. However, depending on the development
stage, the same environmental factor can have different effects. The factor can be
inhibitory to growth and metamorphosis, if it is acting at the beginning of this phase, as
well as stimulatory, if it acts at the end of metamorphosis (Denver et al., 2002).

Within this context, the delay in the metamorphosis time of tadpoles kept in white
tanks is possibly related to the heterogeneous growth evident in this environment.
According to Wilbur and Collins (1973), competition for food in the tadpole stage can be
fierce due to the high energy demand to meet the accelerated growth rate at this stage of
the amphibian's life. Furthermore, according to these authors, for meta morphosis to be
possible, there is a minimum size to be reached by the tadpoles, with growth rates
determining the completion of this process. In this way, the easy visualization of food in
the white tanks may have increased competition for the resource, favoring the dominant
(larger) tadpoles to find and consume more food than the submissive (smaller) tadpoles,
which favored an increase in heterogeneity, resulting in metamorphosis of larger
individuals. Therefore, as the number of tadpoles removed from the white tanks increased,

when they reached the metamorphic climax, there was a decrease in growth (weight and
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length) and nutrient use efficiency (increased feed conversion ratio and decreased protein
efficiency ratio) of the remaining tadpoles (tadpoles in pre-metamorphosis and pro-
metamorphosis phases). On the other hand, the uniformity of the tadpoles raised in the
blue and black tanks was greater, and the removal of tadpoles at metamorphic climax did
not affect the growth performance of remaining tadpoles, in pre-metamorphosis and pro-
metamorphosis phases. A quadratic growth of tadpoles can be seen until the final
measurement. Therefore, the growth performance of the animals (at the climax of
metamorphosis and in the froglet phase) was similar in the three colors of tanks evaluated,
since the largest tadpoles are normally the first to reach the climax of meta morphosis
and, consequently, were removed from the tanks to complete the metamorphosis in the
metamorphosis tanks, and no longer considered in the evaluation of tadpole's performance
after that. A study with Rana temporaria tadpoles also demonstrated an increase in
heterogeneity in growth, length, and weight, as well as in metamorphosis time when the
specimens were exposed to white monochromatic light (Ruchin, 2003). The authors
demonstrated that R. temporaria tadpoles exposed to shortwave lighting, such as blue and
green, had a decrease in growth heterogeneity, as well as a significant acceleration in
meta morphosis time and growth.

Therefore, considering the productive aspect, the heterogeneity in growth and the
reduced growth performance of bullfrog tadpoles raised in white tanks, would result in a
longer time for froglets to leave the rearing pens, which would certainly impact negatively
in the storage of these animals in pens and optimization of production. So, the difference
in the transformation duration compromises the uniformity of the final of froglets, which
can increase cannibalism during this phase (Alves et al., 2020), if screenings by size are
not carried out frequently.

Although tadpoles kept in black and blue tanks completed meta morphosis earlier
than those in white tanks, it was possible to observe a delay in the period between the
metamorphic climax and the froglet phase in animals raised in black tanks. A study with
Xenopus laevis tadpoles demonstrated that the preference for the color of the environment
changes according to the stage of development (Moriya et al., 1996). For these authors,
tadpoles of this species showed a preference for the color white, in the initial stages of
development, during pre-metamorphosis, while animals at the climax of metamorphosis
preferred to remain in an environment with a black background. Wei et al. (2023)
demonstrated that post-metamorphic specimens of Rana dybowskii preferred the color

black, both during the day and at night, regardless of the availability of food in this
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environment. It is important to note that during the metamorphic climax period, tadpoles
do not feed, maintaining their energy requirements through the reabsorption of nutrients
from the tail and triglycerides from the fat body, representing a critical moment in the
lives of these animals (Wright et al., 2011). At this stage, these animals are still more
susceptible to predators, as they are going through a transition in their lives, generally
showing reduced mobility. Therefore, in the present study, it is very likely that the bull
frog tadpoles, during the climax of metamorphosis, felt less exposed in the black tanks,
due to the lower light in this environment, which allowed the metamorphic climax to be
completed later than other treatments. On the other hand, maintaining the tadpoles in meta
morphic climax in the white and blue tanks accelerated the completion of the
metamorphosis process, probably because these animals were in an environment with
greater light, which consequently left them more exposed.

Skin color change in tadpoles at the climax of metamorphosis and in froglets
matched that of tank color. For adaptation to the environment, plasticity in skin color tone
in tadpoles is notable and has been frequently reported, ranging from seasonal changes in
phenotypes to almost instantaneous changes (Liedtke et al., 2023).

According to Thornton (1971), skin darkening is promoted by increases in
circulating melanophore-stimulating hormone (MSH). Furthermore, according to the
same authors, the darkening of animals' skin is faster than lightening. According to Garcia
and Sih (2003), species that depend on crypsis camouflage can reduce the risk of
predation by bringing their tone closer to the environment. However, in the present study,
even in view of the lightening of tadpoles in metamorphic climax and froglets in white
tanks, the perception of these animals in the environment was always more evident. A
study on Hyla arborea demonstrated that tadpoles raised in white tanks had greater
locomotor activity because they felt more exposed, as they were more easily visible due
to the contrast between the color of the tadpoles and the light background (Mir“c et al.,
2023). Liedtke et al. (2023) also found that specimens of X. /aevis raised for months in a
light background environment remain noticeable, despite adjustments to skin color.
Furthermore, according to these authors, adults of X. /aevis showed increased locomotion
behavior, increased corticosterone levels and decreased body weight when raised in white
background.

In the present study, a decrease in tadpole performance was also found in the pre-
and pro-metamorphosis stages, as well as greater observation of the swimming activity

of tadpoles in white tanks. However, corticosterone levels and swimming behavior of
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bullfrog tadpoles have not been determined. The possible effects of environment color on
bullfrog homeostasis were verified on secondary stress responses. However, according to
biochemistry analyses, the color of the environment did not change these variables. It is
important to highlight that the biochemistry analyses were carried out on specimens of
froglets that completed metamorphosis, and not on tadpoles. This was to avoid a possible
interference of the metamorphosis phase on glucocorticoid levels since these hormones
increase at the end of the metamorphosis process. Therefore, it is possible that the
analyses were carried out on animals that were fully acclimatized to the color of the tank
in which they were raised, which may have mitigated the responses to a possible action
of the color of the environment as a stressor. Furthermore, the fact that the sampling was
carried out on froglets, which were normally the dominant animals that came out of the
tadpole tanks, may have contributed to the fact that no difference was detected in the

biochemistry analyses.

3.5. Conclusions

During commercial bullfrog farming it would be advantageous to reduce time to
metamorphosis to obtain froglets. Animals reared in blue tanks concluded their
transformation in a shorter timeframe than those raised in black and white tanks. Although
there was no apparent tank color-related growth benefit between colors, size uniformity
was closer in the blue and black tanks. Accordingly, from the results of this study blue

tanks represent the color of choice from a production perspective.
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CAPITULO 5 - CONSIDERACOES FINAIS

A preferéncia sobre a coloragdo do ambiente pelos anfibios anuros ¢ espécie
especifica, baseando em varios aspectos da vida do animal, como habitat, habitos
alimentares e comportamentais. Conforme os resultados gerados por esta tese, foi
comprovado a influéncia da cor do tanque de criagdo no desempenho, cor da pele,
uniformidade e tempo de metamorfose dos girinos de ra-touro americana (Aquarana
catesbeiana). No presente estudo, girinos de ra-touro criados em tanques azuis
apresentaram os melhores resultados.

Resultados como os observados, colaboram para o entendimento das preferencias
desta espécie, garantindo melhores condigdes de bem-estar animal nos ambientes de
produgdo. Embora ndo tenha sido encontrado efeito da cor do tanque sobre as analises da
bioquimica de corpo inteiro, os melhores resultados de desempenho de crescimento
observados nos animais criados em tanques azuis evidenciam as melhores condi¢des
ambientais para o desenvolvimento da espécie. Além disso, os resultados de melhor
uniformidade de lote ¢ menor tempo de metamorfose sdo pontos de partida para futuras
pesquisas com o objetivo aprimorar a producdo de lotes mais homogéneos de imagos.

Uma hipotese que surgiu quanto a auséncia de diferenga estatistica nas analises de
bioquimica de corpo inteiro, ¢ que as variaveis somente foram avaliadas nos imagos
recém transformados, mas nao nos girinos pré-metamorficos, pré-metamorficos ou em
climax metamorfico, resultados estes que podem ser diferentes e devem ser estudados em
pesquisas futuras. Um exemplo deste efeito € o resultado encontrado quanto ao tempo de
metamorfose dos girinos criados em tanques brancos e em tanques pretos. Os girinos
mantidos em tanques brancos tiveram tempo mais prolongado para atingir o climax
metamorfico que os girinos criados em tanques pretos, no entanto, no periodo de
conclusdo do climax metamorfico, os girinos criados em tanques pretos apresentaram
maior tempo em comparacao aos mantidos em tanques brancos.

Destaca-se ainda a importancia de realizagdo de futuras pesquisas que investiguem
o impacto de outros aspectos do ambiente de criacdo no desenvolvimento, uniformidade
e na metamorfose de girinos de ra-touro, uma vez que o entendimento de como a
metamorfose pode ser influenciada por por estes fatores ¢ fundamental para a elaboragdo

de estratégias capazes de aprimorar a ranicultura.



