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“Dona Lebre s6 queria correr o dia inteiro, porém, dona Tartaruga andando chegou
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La Fontaine



PREFACIO

Esta dissertacdo possui um capitulo (artigo), seguindo o formato alternativo proposto pelo
colegiado do Programa de P6s-Graduacdo em Biodiversidade Tropical (PPGBIO). As normas
adotadas para a padronizacdo das referéncias da introducao geral foram as segundo o periodico
Ecology. O artigo intitulado “Hematological and biochemical response of yellow spotted
Amazon river turtle (Podocnemis unifilis) submitted to restriction and food deprivation”
seguiu as normas do periédico Aquaculture Nutrition, para o qual foi previamente submetido,

carta aceite nos ANEXOS.



RESUMO

Pamphilio Jr., Hélio Ruy Matos. Crescimento compensatorio e efeito fisioldgico da restricdo e
privacdo alimentar em tracaja (Podocnemis unifilis), durante o cultivo. Macapa, 2017.
Dissertacdo (Mestrado em Biodiversidade Tropical) — Programa de Pds-graduacdo em
Biodiversidade Tropical — Pro-Reitoria de Pesquisa e P6s-Graduacgdo - Universidade Federal

do Amapa.

O estabelecimento da relagdo do homem com a biodiversidade mostra quea caga é um dos mais
antigos. O principal objetivo da caca é a obtencao de recurso alimentar, como observado, na
Amazonia, nas populacdes tradicionais, ribeirinhos e indigenas. Porém, a pressao exploratéria
desregrada de recursos naturais leva ao declinio de populagdes de animais silvestres podendo
levar, até mesmo, a extin¢do. A criacdo em cativeiro, em criatorios comerciais, € uma
alternativa para diminuir a pressdo exploratéria. O desenvolvimento da quelonicultura requer
pesquisas e conhecimento da fisiologia animal, e de outros parametros que possam ajudar a
potencializagdo da producdo e diminui¢do dos seus custos. A privacao e restricdo alimentar
podem estar presentes na histéria de vida dos animais. Para verificar o comportamento animal
frente a isto, diversos parametros podem ser analisados, como hematologia e bioquimica, que
apresentam resposta rapida relacionada ao status nutricional. O objetivo deste estudo foi
verificar o crescimento compensatorio através do ganho de peso e as respostas fisioldgicas do
tracaja, Podocnemis unifilis,submetido a restri¢do e privacao alimentar durante o cultivo. Foram
avaliados 72 animais (P. unifilis) divididos em trés grupos: controle, restricdo e privacdo
alimentar. No grupo controle os animais foram alimentados diariamente com ragdo comercial
para peixes com 28% de proteina bruta, a 3% da biomassa; no grupo restricdo, a alimentacdo
era alternada, uma semana com alimentacdo e uma semana sem fornecimento de alimento; no
grupo privacado, 0s animais permaneceram com suspensao total de alimentacédo pelo periodo de
60 dias. O periodo experimental total foi de 90 dias, sendo que apds o periodo de 60 dias, todos
0s grupos experimentais foram alimentados por 30 dias. O ganho de peso foi verificado a partir
da diferenca entre o peso final e o inicial. A coleta de amostra sanguinea foi realizada por
puncdo da veia femoral, para analises hematoldgica e bioquimica. O ganho de peso foi maior
no grupo controle e menor no grupo privacao, apesar de se observar este ganho ndo se pode
caracteriza-lo como crescimento compensatorio, pois ndo foi superior ao ganho do grupo
controle. Os valores de hematocrito dos grupos restricdo e privacdo foram inferior a 20%,
caracterizando anemia desses animais. As concentracdes de albumina e triglicérides dos grupos
restricdo e privagdo mostraram-se reduzidas, quando comparado aos valores do grupo controle,
porém estes valores aumentaram com a realimentacdo desses animais. Ndo houve 6bito dos
animais durante o periodo experimental e nem perdas irreversiveis, assim sendo a diminuigao
em 50% na alimentacdo na producdo dos tracajas permite economizar durante a sua producao.
Valores de referéncia para P. unifilis sdo escassos na literatura, o desenvolvimento de estudos
nesse sentido é necessario e a utilizagdo da restricdo alimentar e realimentagdo pode trazer
grandes beneficios aos produtores.



Palavras-chave: populagdes tradicionais; sobre-exploragdo; quelonicultura; hematologia;
bioguimica; tartaruga de 4gua doce; nutricao.



ABSTRACT

Pamphilio Jr., Hélio Ruy Matos. Compensatory growth and physiological effect of food
restriction and deprivation in yellow spotted Amazon river turtle (Podocnemis unifilis), during
cultivation. Macapa, 2017. Dissertacdo (Mestrado em Biodiversidade Tropical) — Programa de
Pds-graduacdo em Biodiversidade Tropical — Pré-Reitoria de Pesquisa e Pds-Graduagéo -

Universidade Federal do Amapa.

The establishment of man's relationship with biodiversity shows that hunting is one of the
oldest. The main objective of hunting is to obtain food resources, as observed in the Amazon,
in traditional populations, riverside and indigenous. However, the unregulated exploratory
pressure of natural resources leads to the decline of populations of wild animals and may even
lead to extinction. Captive breeding in commercial farms is an alternative to reduce exploratory
pressure. The development of turtle farming requires research and knowledge of animal
physiology, and other parameters that may help to boost production and decrease its costs.
Deprivation and food restriction may be present in the animal'’s life history. To verify the animal
behavior against this, several parameters can be analyzed, such as hematology and
biochemistry, that present a rapid response related to nutritional status. The objective of this
study was to verify the compensatory growth through weight gain and the physiological
responses of the yellow spotted Amazon river turtle, Podocnemis unifilis, submitted to
restriction and food deprivation during the cultivation. We evaluated 72 animals (P. unifilis)
divided into three groups: control, restriction and food deprivation. In the control group, the
animals were fed daily with commercial feed for fish with 28% crude protein, 3% of the
biomass; In the restriction group, feeding was alternated, one week with food and one week
without food supply; In the deprivation group, the animals remained with total suspension of
feeding for the period of 60 days. The total experimental period was 90 days, and after 60 days,
all experimental groups were fed for 30 days. The weight gain was higher in the control group
and lower in the deprivation group, although this gain can not be characterized as compensatory
growth, since it was not superior to the gain of the control group. The hematocrit values of the
restriction and deprivation groups were lower than 20%, characterizing anemia of these
animals. The concentrations of albumin and triglycerides of the restriction and deprivation
groups were reduced when compared to the values of the control group, but these values
increased with the feedback of these animals. There was no death of the animals during the
experimental period and no irreversible losses, so the 50% decrease in feed in the production
of the yellow spotted Amazon river turtles allows to save during its production. Reference
values for P. unifilis are scarce in the literature, the development of studies in this sense is
necessary and the use of feed restriction and feedback can bring great benefits to producers.

Keywords: traditional populations; overexploitation; turtle farming; hematology;
biochemistry, freshwater turtle; nutrition.
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Figura 3 - Espécime de tracaja, Podocnemis unifilis, Troschel, 1848. Fonte: Arquivo do autor
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1. INTRODUCAO GERAL

O homem se relaciona com os animais desde os tempos mais remotos, sendo
uma das mais antigas formas de interacdo com a biodiversidade. A caca, dentre as
interacdes, € a atividade mais antiga (Cajaiba et al. 2015). Evidéncias dessa antiga relacdo
sdo pinturas rupestres que representam animais silvestres sendo cacados pelo homem
(Alves e Souto 2011). O principal objetivo da caca é a captura de animais silvestres para
alimentacdo, que é fundamental para a subsisténcia do homem em diferentes areas

tropicais, principalmente as que vivem em locais isolados (Cajaiba et al. 2015).

Na regido Amazonica, a carne de animais silvestres apresenta alto teor proteico
se comparado com outros alimentos consumidos pelas comunidades nativas (Cajaiba et
al. 2015). Considera-se que a utilizagdo de animais para alimentacdo seja uma das
atividades que mais contribui para o declinio de populacGes, extin¢do de varias espécies,
bem como, diminuicdo da densidade populacional das espécies cacadas; reducdo da
massa corporal média das populacGes em consequéncia da sele¢do dos animais maiores e

diminuicdo da produtividade futura das populacGes cacadas (Thiollay 2005).

Dentre os animais que sdo utilizado como recurso pelas popula¢es tradicionais
amazonicas ha uma grande relacdo com o Podocnemis unifilis (tracaja) que €
provavelmente a espécie de queldénio mais comum na América do Sul e considerada a
segunda espécie mais consumida depois da Podocnemis expansa (Fantin et al. 2008). Este
animal desempenha um importante papel na ecologia dos rios, na sociologia, economia e
alimentacdo dos ribeirinhos amazonicos (Conway-Gomez et al. 2014). Esta predilecao
tem contribuido para o declinio deste animal na natureza (Caputo et al. 2005), estando
com o status de vulneravel na lista vermelha de espécies ameagadas de extin¢do (IUCN

2016).
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As tartarugas servem como fonte importante de proteina para as populaces
humanas rurais e urbanas, especialmente nos paises em desenvolvimento, dada a extenséo
do consumo de carne e ovo de tartaruga, além de visceras, plastrdo e carapaca usadas
como utensilios domésticos e ornamentos por comunidades locais (Santos et al. 2010).
Assim esta coleta é a maior preocupagdo para a conservagdo das espécies de tartarugas
ameacadas de extin¢do. Quase todas as espécies de tartarugas em um ou outro tempo

foram usadas para alimentacdo (Klemens e Thorbjarnarson 1995).

A inclusao das espécies cinegéticas registradas em listas de ameacas de extin¢ao
nos coloca diante do desafio de buscar formas de exploracdo que minimizem o impacto
sobre estas e para isso, torna-se necessario compreender o contexto multidimensional que

envolve as préaticas cinegéticas (Alves et al. 2012).

Vaérios estudos tém demonstrado que a sustentabilidade sécio-econémica pode
ser alcancada através de planos de manejo baseados na comunidade (Klemens e
Thorbjarnarson, 1995, Caputo et al. 2005). Como os esforcos de manejo devem, em certa
medida, ser adaptados as espécies individuais que estdo sendo coletadas, as pesquisas
sobre a ecologia dessas tartarugas também devem ser um componente importante desses
programas experimentais (Klemens e Thorbjarnarson 1995), objetivando a eficiéncia do

manejo.

A criacdo comercial de animais é uma alternativa para que estes ndo sejam
explorados ao ponto de serem extintos; mas, mesmo com a liberacdo do comércio de
carne de queldnios provenientes de criadouros, os produtos atingiram precos altos, o que
ndo aliviou a pressdo sobre os estoques naturais e foi incapaz de substituir o comércio

ilegal nos mercados locais (Rebélo e Pezzuti 2000).
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De acordo com a Portaria n.° 142N/92 da Legislagdo Ambiental Brasileira, matar
animais silvestres para saciar a fome deixa de ser crime, além disso, cria-los em casa,
deixa de ser contravencdo, contanto que o responsavel siga as orientagdes contidas na
legislacdo. Assim, passa a ser legalmente liberada a criacdo de tartaruga em criatorios

comerciais pelo seu potencial para exploracdo zootécnica (Luz et al. 2003b).

A aquicultura é considerada uma forma viavel de atender a demanda do homem
por produtos aquéticos (Zhang et al. 2016) e geralmente é definida como a criacao desses
organismos, onde o cultivo indica alguma forma de intervencdo no processo de criacdo
para aumentar a producdo, a estocagem, alimentacdo e protecdo contra predadores
(Gomiero et al. 1997). A quelonicultura, como uma atividade pertencente a aquicultura,
visa a criacdo e manejo de quelbnios, mas necessita de estudo para o conhecimento e
aprimoramento das técnicas de manejo. A escassez de informacdes sobre as tartaruga
amazonicas, incluindo o tracaj, dificulta seu cultivo em escala comercial para abastecer
a demanda de mercado (Luz et al. 2003a). Assim, estudos sobre 0s vertebrados aquaticos
amazonicos sdo cada vez mais importantes para a conservacao da fauna tropical (Salinero

e Michalski 2016).

1.1. Tracaja Podocnemis unifilis Troschel, 1848

As oito espécies de queldnios da familia Podocnemidae existentes sdo as Gltimas
sobreviventes de um grupo antigo de espécies de tartarugas conhecidas por existirem
desde o Cretdceo. Uma destas espécies representa um género monotipico, a
Erymnochelys, que ocorre em Madagascar. As outras sete restantes estdo retritas a
América do Sul (Peltocephalus, com uma espécie e Podocnemis, com seis espécies). As
espécies de Podocnemis existentes evoluiram a partir do Eoceno Tardio (37 milhdes de

anos atras) para o Mioceno Médio (15 milhdes de anos atras), durante uma fase
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caracterizada por um arrefecimento global dramatico e um massivo soerguimento
Andino. As espécies da familia Podocnemidae distribuem-se em Madagascar, norte da

América do Sul e a leste dos Andes (Figura 1) (Vargas-Ramirez et al. 2008).

Figural - Diétribuigéo das espécies da familia Podocnemidae no mundo Fonte; Vitt e Caldwell (2014).

De acordo com a retracdo do pescoco, as tartarugas se classificam em Pleurodira
e Cryptodira. As Pleurodiras, ou tartarugas com pescoco lateral, retraem a cabeca e
pescoco colocando-os para o lado. Assim, os lados da cabeca e pescogo sdo expostos a
lacuna entre a carapaca e o plastrdo. As tartarugas Cryptodiras, ou com pescogo oculto,
retraem o pesco¢o em uma ranhura medial dentro da cavidade do corpo; o pescoco de
uma forma vertical, e apenas a ponta do nariz é exposta entre os antebracos. Apesar dos
diferentes mecanismos de retracdo do pescoco, a estrutura das vértebras cervicais nos dois
grupos é semelhante (Vitt e Caldwell 2014). A classificacdo da familia Podocnemidae,
de acordo com a retracdo do pescoco é Pleurodira, junto com outras duas familias (Vitt

e Caldwell 2014) (Figura 2).
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Figura 2 - Arvore do tempo (timetree) de tartarugas (Testudinatas), cada n6 (cladogénese) mostra as
divergéncias entre uma espécie antepassada e a formacéao de duas espécies novas (Vitt e Caldwell 2014).

A taxonomia da tartaruga de agua doce, conhecida popularmente como tracaja,

Podocnemis unifilis esta descrita no esquema taxondémico (Figura 4).

Figura 3 - Espécime de tracaja, Podocnemis unifilis Tréschel, 1848. Fonte: Arquivo pessoal do autor
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Figura 4 - Esquema taxondmico de Podocnemis unifilis Trdschel, 1848.
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Podocnemis unifilis € uma espécie aquatica que vive em lagos, lagoas, planicies
de inundacdo, pantanos ao longo dos principais rios da bacia do rio Amazonas (Fantin et
al. 2008). Segundo Barlett e Barlett (2003) as fémeas de P. unifilis podem atingir o
tamanho de 66 cm, enquanto os machos ndo chegam a mais que 33 cm de tamanho. Os
juvenis possuem a cabeca cinza e sdo distintamente marcadas com nove pontos amarelos
(ou laranja), um na parte superior do focinho, que é diagndstico para a espécie. As
manchas desaparecem, ou se tornam escuras, com o crescimento e a idade. O tracaja P.
unifilis é o unico Podocnemidae que pode ndo ter um sulco interorbital. A carapaca cinza
€ suavemente convexa e, quando visto de cima, € mais ampla na metade da porcéo caudal.
Pode haver uma ou duas estruturas similares a pelos no queixo, o que ajuda a caracterizar
a espécie e também é o motivo do epiteto especifico. Os machos adultos tém uma cauda
pesada e alongada. Todos os quatro pés sdo totalmente alados, em forma de remo, que
permite a natacdo. As tartarugas nidificam em praias, fazem seus ninhos e pdem de 12 a

30 ovos.
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1.2. Restricao alimentar

Segundo Ferreira (1999), restricdo é o ato de limitar o individuo de algo e
privacdo é cessa-lo, causando-lhe falta. Logo, quando determinado animal passa por
restricdo alimentar a ingestdo de nutrientes esta limitada e quando é submetido a privagéo

alimentar a ingestdo de nutrientes esta totalmente suspensa.

A taxa de sucesso de forrageamento ou alimentacdo de um animal é uma
informacao importante para ecologistas e gestores da vida silvestre. Contudo, isto pode
ser de dificil avaliacdo, principalmente em vertebrados aquaticos que sdo dificeis de
serem observados (Price et al. 2013), por terem um modo de vida em parte, ou
exclusivamente, dentro d’4gua, especialmente na Amazdnia, onde a 4gua em alguns rios

é escura com baixa visibilidade (Schneider et al. 2010).

Animais muitas vezes sofrem escassez de alimentos e em reposta a iSso sua
histéria de vida pode variar, tais respostas podem incluir comportamento de
forrageamento, idade em que certo estagio de desenvolvimento ¢ alcancado, ou esforgos
reprodutivos e assim por diante (Hou et al. 2011). Segundo Hou et al. (2011), talvez a
mais profunda e direta mudanca na historia de vida de um animal, associado a baixa
disponibilidade de alimentos ou restrigdo alimentar, seja a diminuicdo no tamanho do

corpo do individuo adulto e o crescimento retardado ou reduzido.

O crescimento é um evento integrado, que resulta da resposta de células
dependentes do sistema enddcrino e disponibilidade de nutrientes. Durante um periodo
de restricdo alimentar a produgdo e a liberagdo do hormdnio do crescimento séo
melhorados, tendo uma liberagcdo aumentada; no entanto, o nimero de receptores deste

horménio decresce por escassez de proteinas (Hornick et al. 2000).
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A taxa de crescimento de animais pode ser altamente variavel, relacionando-se
diretamente com a disponibilidade de recursos alimentares e tal variacdo pode aumentar
a diferenca do tamanho entre os individuos, pois, individuos menores sdo mais suscetiveis
a predacdo e a inanicdo. Uma resposta adaptativa para a flutuacdo de disponibilidade de
recursos alimentares é o crescimento compensatorio. Ha um periodo de crescimento
acelerado, quando h4d uma melhora na oferta de alimento, seguido de uma reducdo de

crescimento (Roark et al. 2009).

Segundo Hornick et al. (2000), o crescimento compensatorio é definido como
um processo fisioldgico no qual um organismo acelera seu crescimento ap6s um periodo
de desenvolvimento limitado, na maioria das vezes pela baixa oferta e, consequente, baixo
consumo de alimento, fazendo com que ele atinja o peso de um animal que ndo sofreu

nenhum tipo de restrigdo no crescimento.

Quando ocorre o crescimento compensatorio, a magnitude da compensacédo
depende da espécie em questdo, do estagio de desenvolvimento do organismo, o tempo
no qual ele foi submetido a restricdo alimentar e ao periodo que ele foi realimentado, além

da duracdo e da severidade do periodo de restricdo (Roark et al. 2009).

De acordo com os estudos realizados por Roark et al. (2009), em neonatos de
Chelonia mydas submetidos a restri¢do alimentar, o tamanho dos juvenis aumentou mais
rapido em periodo de recuperacao de limitacdo de recurso, quando comparados aos que
estavam com fornecimento de alimento ad libitum. Da Silva e Migliorini (1990), em um
estudo realizado com adultos de ambos os sexos da tartaruga Phrynops hilarii, submetidas
a privacgdo alimentar, observaram que os niveis de glicose e &cidos graxos livres ndo foram

afetados pelo jejum.
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Segundo Xu et al. (2014), o crescimento compensatorio pode ser alcangado
melhorando a conversdo alimentar e reduzindo a taxa metabodlica, pois juvenis de
Chinemys reevesii privados completamente de alimentacdo tiveram menor taxa
metabdlica do que aqueles alimentados até a saciedade. A taxa metabdlica reduzida nos
animais, com privacao de alimento, pode persistir durante os primeiros dias do periodo

de realimentacdo e contribuir para a resposta do crescimento compensatorio.

De acordo com Roark et al. (2009), as tartarugas tem um consumo maximo de
alimento quando estdo em condicGes de facil disponibilidade de recurso, a sua taxa de
crescimento em alimentacdo ad libitum é levemente plastica em resposta ao historico
nutricional. Possivelmente seja 0 custo inerente ao crescimento rapido e as regras de
prioridade de alocacdo de nutrientes favorecem a realizacdo de condicdo ideal em vez de
um tamanho ideal. Contratempos nutricionais vividos na fase juvenil poderiam, portanto,
ter consequéncias duradouras para as tartarugas selvagens, em termos de risco de
mortalidade por tamanho especifico; porém, tais riscos podem ser mitigados pelo

beneficio de se manter reservas corporais suficientes.

1.3. A restricdo alimentar e seus efeitos na hematologia e bioquimica de
tartarugas

A analise sanguinea é uma importante forma de avaliacdo, seus parametros sao
Uteis para mensurar disturbios fisiolégicos em tartarugas. Desta forma, ela pode fornecer
informacBes importantes para o diagndstico e prognéstico de doencgas nestes animais
(Christopher et al. 1999, Metin et al. 2006, Tavares-Dias et al. 2009, Labrada-Martagon
et al. 2011, Chandavar et al. 2013, Prieto-Torres et al. 2013). Contudo, este parametro
pode sofrer algumas interferéncias, segundo Prieto-Torres et al. (2013), fatores como as

areas geograficas, habitats, genética populacional, maturidade, sexo dos individuos,
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condicGes migratorias, condi¢bes da dieta podem estar associados com a variagdo da
quimica do sangue. Assim como a presenca de ectoparasitas e hemoparasitas, em animais
livres na natureza e estresse oriundos da criagdo em animais de cativeiro (Stacy et al.

2011).

A analise de metabolitos séricos ou plasmaticos permite a avaliacdo do status
nutricional em animais de vida livre ou em cativeiro. Além estes metabolitos tém o
potencial de dar uma visdo instantanea da historia de forrageamento recente (Price et al.

2013).

De acordo com Tavares-Dias et al. (2009), Os parametros sanguineos para fins
de diagnostico de ma nutricdo tém sido pouco utilizados apesar do seu potencial, devido
as dificuldades associadas com a estimativa da ingestdo nutritiva e as condicdes de vida

dos animais na natureza.

Segundo Santos et al. (2005) os valores de parametros sanguineos de tartarugas
em cativeiro podem ser diferentes dos valores das tartarugas de vida selvagem. Isto pode
estar relacionando aos diferentes habitats, alimentacdo e uso de dieta artificial, além da
manipulacdo dos animais, condi¢des de estresse, e principalmente a temperatura, ja que
as mudancas de temperatura no ambiente influenciam diretamente o metabolismo dos

répteis.

De acordo com Price et al. (2013), em estudo com tartarugas da espécie Chelonia
mydas, submetidos a restricdo alimentar, concluiu que o nivel de triglicérides plasmatico

aumenta quando estdo sendo alimentadas e decrescem quando estdo em jejum.

Segundo Oliveira-Junior et al. (2009), tartarugas de criacdo podem ter um

aumento no nivel de colesterol devido a dieta artificial. Além disso, estes animais sdo
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menos ativos do que populagdes selvagens, o que pode contribuir para esta elevada taxa
desse metabdlito. Segundo Stacy et al. (2011), alteracBes nucleares podem ser observadas
em eritrécitos de répteis com grave doenca inflamatoria, desnutricdo, fome ou pos-

hibernacéo.

Portanto, aliar o conhecimento relacionado a restri¢éo e privacdo alimentar em
P. unifilis com as técnicas de manejo pode ser uma alternativa para melhorar a relacao
custo/beneficio para a producao, pois, ndo ha estudos sobre restri¢ao e privacao alimentar
em tracajas, e pode, ainda, fornecer informacgdes sobre o comportamento fisiologico do

animal frente a estes eventos, potencializando a producéo deste animal em cativeiro.

Assim, como se comporta o crescimento, a hematologia e bioquimica do tracaja

(Podocnemis unifilis) submetido a restricdo e privacgao alimentar durante o cultivo?
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2. HIPOTESES

o H1: Periodos em que a restricdo e a privacdo alimentar se estendam por tempo

prolongado, 60 dias, podem trazer danos a saude de P. unifilis, podendo ser fatais.

o H2: A intercalacdo de alimentacdo com restricdo, sendo uma semana com
alimentacdo e uma semana sem, pode trazer beneficios como menor custo de alimentagédo

dos animais e aumento do crescimento corporal.
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3. OBJETIVOS

3. 1. GERAL

Investigar o crescimento compensatorio e a resposta fisiologica de tracaja, P.

unifilis apos a submisséo dos animais a restri¢ao, privacao alimentar e realimentacéo.

3. 2. ESPECIFICOS

o Analisar o crescimento compensatorio a partir do ganho de peso do tracaja, P.
unifilis, submetidos a realimentacdo apds um periodo de restricdo e privacdo alimentar;
o Analisar parametros hematoldgicos e bioquimicos dos animais ap6s o cultivo com
0 uso de restri¢do e privacdo alimentar e realimentacao;

o Determinar se 0 uso de restricdo ou privacdo alimentar pode ser prejudicial ao

bem-estar dos animais.
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1. ABSTRACT

Feed deprivation and restriction may be present in the animal'’s life history. To verify the
animal behavior in front of this, several parameters can be analyzed, such as hematology
and biochemistry that have fast response related to nutritional status. The objective of this
study was to verify the weight gain and the physiological response of the yellow spotted
Amazon river turtle, Podocnemis unifilis, submitted to restriction and food deprivation
during the cultivation. Were evaluated 72 animals (P. unifilis) divided into three groups,
control, restriction and food deprivation. In the control the animals were fed daily with
commercial fish feed with 28% of crude protein, 3% of the biomass; In the restriction,
the feeding was alternated, one week with food and one week without; In deprivation, the
animals remained under total feed suspension. The experimental period was 90 days, after
60 days the groups were refeed for 30 days. The weight gain was verified from the difference
between the final weight and the initial weight, the blood collection was by femoral vein
puncture, blood samples were treated for hematological and biochemical verification. The
weight gain in the control group was higher among the 3 treatments and lower in the
deprivation group, although this gain is observed, it can not be characterized as
compensatory growth. The hematocrit concentration in the restriction and deprivation
group was less than 20%, characterizing anemia. The concentrations of albumin and
triglycerides were low, comparing with the control group, but increased when the animals
were refeed. Results showed that there was no death or irreversible losses, a 50% decrease
in food potentiates production, saving on food. Reference values are scarce in the
literature, the development of studies in this sense is necessary and the proper use of food

restriction and feedback bring great benefits to producers.

Keyswords: turtle farming, physiologicals responses, starvation, freshwater turtle,

feeding, nutritional status

2. INTRODUCTION

Animals may face food shortages and vary their life history in response. These
responses may include foraging behavior, the age at which a certain stage of development

is achieved, reproductive efforts and so on. Perhaps the most profound and direct change
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in an animal's life history associated with low food availability, restriction, or food
deprivation, and other unfavorable environmental conditions (Nikki et al. 2004) is the
decrease in adult body size and retarded growth (Hou et al. 2011).

The success rate of foraging or feeding an animal is important information for
ecologists and wildlife managers. However, this can be difficult to assess, especially in
aquatic vertebrates that are difficult to observe (Price et al. 2013), because they have a
way of life partly, or exclusively, in water, especially in the Amazon, where water in some
rivers is dark with low visibility (Schneider et al. 2010). It is observed that the influence
of nutritional or hormonal factors on the metabolism of proteins, fats and carbohydrates
has been little investigated in the Reptilia class (Da Silva e Migliorini 1990).

The development of farming systems can contribute to reduce pressure on wild
animals (Luz et al. 2003). Thus captive studies are critical, because it is possible to
observe the behavior of turtles in greater detail. Laboratory studies are essential to
understand the turtle life cycles and to assist in the formulation of management plans for
their conservation (Schneider et al. 2010). However, among the turtles, less is known
about the pleurodiras turtles (i.e., those with a lateral neck, as Podocnemis unifilis ) than
criptodiras turtles (i.e., those with a hidden neck), despite the ease with which they are
raised in commercial farms and laboratories, as well as the pet trade (Sheil e Zaharewicz
2014). The human use of turtles (adults and eggs) as a food source is the main factor
contributing to the decline of populations of turtles (Caputo et al. 2005, Klemens e
Thorbjarnarson 1995). Then more than a commercial activity, raising in breeding sites is
a sustainable use of natural resources, and given that turtles are an endangered group, to
understand the environmental stressors can provide information for effective
conservation (Adams et al. 2016), promote the recovery of national wildlife resources and

also represent a source of animal protein (Sa et al. 2004).
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Podocnemis unifilis is the second Podocnemidae among the largest South
American aquatic testudinatas and present a wide geographical distribution, inhabiting
rivers, streams, lakes and wetlands in the Amazon River basin and its tributaries (Santos
et al. 2010). Studies with these chelonians, especially in Brazil, has increased in order to
make the system more profitable. With the recent liberalization of the trade in meat from
chelonians fattened at the breeding sites, the products reached exorbitant prices, which
did not relieve the pressure on natural stocks and was unable to replace illegal trade
(Rebélo e Pezzuti 2000).

In systems and zootechnical production nutrition is of great importance, much
about the nutrition of these captive animals is still unclear, research on nutrition of these
species are in an initial state and seek to determine the nutritional requirements of these
animals at various stages of breeding (Araujo et al. 2013).

Aquaculture is considered a viable way of meeting human demand for aquatic
products (Zhang et al. 2016) and it is generally defined as the creation of aquatic
organisms, where cultivation indicates some form of intervention in the breeding process
to increase production, such as storage, feeding and protection against predators
(Gomiero et al. 1997).

The production of sea turtles, such as the production of other reptiles, such as
crocodiles and freshwater turtles, presents a series of complex challenges for the provision
of physical, physiological and behavioral needs (Arena et al. 2014). These needs are very
important because, if they are met, they avoid stress, morbidity and mortality in captivity
(Arena e Warwick 1995, Warwick et al. 2013, Rangel-Mendoza et al. 2014).

Reptile plasma, like that of all vertebrates, contains a wide variety of different
elements, most of which are present in trace amounts (Dessauer 1970). Blood

biochemistry and hematology represent tools used in wildlife health monitoring and
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evaluation, this evaluation is important to characterize distinctive physiological
parameters and specific disease type values, and changes in blood biochemical values
may indicate pathological conditions (Christopher et al. 1999, Metin et al. 2006, Tavares-
Dias et al. 2009, Labrada-Martagdn et al. 2011, Prieto-Torres et al. 2013, Chandavar et
al. 2013, Yoshioka et al. 2015).

Although it is important to monitor the health status of a population, there is little
published information on the biochemical profiles of sea turtles (Goldberg et al. 2011) as
well as freshwater turtles. Like this, the objective of this work was to evaluate the
hematological and biochemical responses of yellow spotted Amazon river turtle
(Podocnemis unifilis) submitted to restriction and food deprivation during the cultivation.

3. MATERIALS AND METHODS

3.1. Animals and experimental design

A total of 72 yellow spotted Amazon river turtle (Podocnemis unifilis) were
selected from the Empresa Brasileira de Pesquisas Agropecudrias - Embrapa Amapa, with
635.66 + 85.84 g kg ! of males and females, the animals were separated into 3 groups,
each group had 3 treatments (control, restriction and deprivation), with 8 animals in each
tank (500 L). The animals were acclimatized for 2 weeks being fed daily. Feeding was

done with commercial feed for fish with 28% crude protein, 3% of the biomass.

The experimental groups were: 1) control: in which the animals were fed daily;
2) restriction: animals were kept in daily feeding for one week and without feeding for
one week, alternating until the end of the experimental period; And 3) deprivation:
animals kept without feeding during 60 days of the experimental period. At the end of 60
days, 12 animals from each treatment were randomly selected for blood collection. The

procedure of blood sampling was repeated after 30 days of refeeding in the animals of all
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the experimental groups, being collected from different animals from the first collection,
the animals were weighed at the beginning, at the 60th day and at the end of the
experimental period, The weight gain was obtained from the difference between the final
weight and the initial weight as in Melo et al. (2003) and the percentage from rule of

three.

3.2. Hematology

A sample of approximately 1.0 mL of blood from each animal was collected by
femoral vein puncture and used to determine the following parameters: hematocrit (HCT),
hemoglobin concentration (HB), red blood cell (RBC) and hematocrit indices ( Mean
corpuscular volume - MCV, mean corpuscular hemoglobin — MCH and mean

corpuscular hemoglobin concentration, MCHC).

To quantify the leukocytes respiratory activity, oxygen radical production by
phagocytes in the blood was verified using nitroblue tetrazolium test (NBT) as described

in Anderson e Siwicki (1995).

3.3. Biochemistry

The remaining blood sample was centrifuged at 10,000 G for 5 minutes to obtain
the plasma for the biochemical analyzes. After separation of the plasma, it was frozen at
-18 ° C until the time of analysis. Plasma levels of albumin, glucose, cholesterol,

triglycerides and total proteins were determined using colorimetric Kits (Labtest ™),

3.4. Statistical analysis

A completely randomized design was used to analyze the results, and the results

obtained were presented as means and standard deviation, 5% of significance. They were
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compared statistically using parametric or non-parametric test (ANOVA and Kruskal-
Wallis test, respectively) after applying the normality test using Graphpad Instat®

Software.

4. RESULTS

4.1 Compensatory growth

In the beginning of the study, the average weight of the animals was: 60-day
period — control 648.57 + 74.00 g kg, restriction 640.52 + 109.87 g kg ! and deprivation
588.47 £ 65.00 g kg* and 30-day refeeding — control 676.54 £ 74.37 g kg™!, restriction
652.77 £ 106.25 g kg! and deprivation 607.13 + 57.43 g kg'. After the experimental
period of three months, the last weighing showed, in a general way, that the animals
presented weight gain (Table 1). The initial and final body weight values were

significantly different (P<0.05).

The weight gain for the control treatment after the refeeding period of 30 days
was the greatest one, 17.44%, while the lowest percentage increase was found in the
deprivation group, of both periods, which obtained close values, 9.54% and 9.77%, 30-
day refeeding and 60-day period, respectively. Thus, the reduction of weight gain in the
deprivation treatment of both periods was higher than in the other treatments, followed
by the restriction of the 30-day refeeding period, control of the 60-day-period, restriction

of the 60-day period, and finally, control of the 30-day refeeding period.

4.2 Hematology

The hematocrit values did not show any significant statistical difference
(P>0.05) among the treatments. The values found for hemoglobin concentration did not

demonstrate significant difference (P<0.05). The red blood cells observed in the study did
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not show significant difference (P>0.05) among the treatments. For the hematimetric
indices there was a variation in the results: MCV did not present significant statistical
difference (P>0.05); For MCH, the values of plasma concentration were significant
(P<0.05) between the control and restriction treatments, and control and deprivation of
the 30-day refeeding period. MCHC did not present any significant statistical difference
(P>0.05) among the treatments. On the leukocyte respiratory activity, the values were
significant (P<0.05) between the control and deprivation treatments of the 60-day period

(Table 2).

4.3 Biochemistry

The plasma values for biochemistry found in this study were: for albumin and
glucose the values did not show significant difference (P>0.05). Cholesterol showed
significant difference (P<0.05) between the control and restriction treatments of the 60-
day period and between the restriction treatments of both periods. For triglycerides the
plasma concentration values showed significant difference (P<0.05) between the control
and deprivation treatments, and between restriction and deprivation of the 60-day period;
on total proteins, the value with significant difference (P<0.05) was between the control

and deprivation treatments of the 60-day period (Table 3).

5. DISCUSSION

5.1 Compensatory growth

The specimens of yellow spotted Amazon river turtles showed greater weight
gain in the control and restriction groups, with approximate percentages. This shows that
a reduction of 50% in the yellow spotted Amazon river turtles’ nourishment can bring
benefits for the producer, such as cost reduction related to the acquisition of food for the

cultivated animals, since these specimens showed a weight gain index similar to the
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animals that received food every day, according to Chatakondi (2001), fixed periods of
nourishment and non-nourishment reduce the production due to decreases in the food
consumption, reducing the feeding cost (Gao e Lee 2012), decrease of waste production

and a more flexible food programming (Tian e Qin 2004).

The yellow spotted Amazon river turtles of the group subjected to total
suspension of nutrients ingestion during the experimental period of 60 days had weight
gain, however, lower than the other ones. Souza et al. (2003) cited that the return to
adequate feeding conditions, after a period of starvation or poor nutrition, promotes a fast

growth in the animal, called compensatory growth.

According to Xu et al. (2014) the deprivation period must be sufficiently long,
superior to 2 weeks, to evoke a detectable compensatory growth response. In the present
study with P. unifilis this period was extended for eight weeks, approximate to the time
utilized in the study by Xu et al. (2014), in which 62 juveniles of Chinemys reevesii were

kept deprived from food for 6 weeks.

Various factors can be linked to the compensatory growth (Xu et al. 2014), the
size of the animals, the diet, the restriction and deprivation intensity and duration are
some of them, what can vary the influence of the food restriction intensity on the
compensatory growth response between species or populations. According to Roark et al.
(2009) the CG is defined as a faster growth in animals of the same age, only comparisons
within the same cohort at the same point in time are truly valid, and also, between animals
with constant nourishment and subjected to deprivation/restriction, as it happened in this
study in which the yellow spotted Amazon river turtles had approximate ages and

weights.
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Comparing the three treatments, control, restriction and deprivation, it was
observed that the animals of the deprivation treatment tended to diminish their growth
and mass gain, but, when they were fed again, the resumption of the biomass gain
happened. According to some authors (Hornick et al. 2000, Hayward e Wang 2001, Xie
et al. 2001) the compensatory growth is a coordinated response related to the process of

refeeding.

For Hou et al. (2011) when there is unlimited food availability the metabolic
rate that dominantly influences the growth and relates positively with it. Under food
deprivation/restriction, however, food ingestion has greater influence on growth and, also,
under deprivation/restriction the organism faces trade-off between metabolism and
storage of new biomass, higher metabolism leads to a slow growth. That explains the
difference between the treatments in this work with P. unifilis, once the control treatment,
which had daily feeding, had higher biomass gain and, therefore, body size gain, while
that was observed in the other groups, but in a slower way, especially in the deprivation

treatment.

Therefore, the compensatory growth was not observed in the yellow spotted
Amazon river turtles of the experiment, despite the occurrence of weight gain in the
animals deprived from nourishment, this was not sufficient to characterize the body mass
gain as CG, because the values were not close to the control group values. Russell e
Wootton (1992) hypothesize that in compensatory growth the growth rate of the animals
under deprivation followed by refeeding ad libitum are greater than the animals
continuously fed. However, according to Souza et al. (2003) an adequate exploration of
this phenomenon can result in better production, with an increase in growth rate, food

efficiency and cost reduction on food during the cultivation.
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5.2 Hematology

The lowest hematocrit percentage found in this study was for the restriction and
deprivation treatments of the 30-day refeeding period, 19.50 + 6.26 % and 18.00 + 6.50
%, respectively, indicating anemia (Campbell 1998, Yoshioka et al. 2015), since values
lower than 20% for hematocrit characterize such condition, this is due to the food
restriction and deprivation periods to which they were subjected. The other treatments
had HCT>20%. Values for hematocrit percentage from the study by Oliveira-Janior et al.
(2009) was 25.1 = 6.9 %, a value also found by Tavares-Dias et al. (2009), considered
normal of this variable for this species. Tavares-Dias et al. (2009) made a comparison
between two groups of P. expansa, a control group and another one subjected to poor
nourishment, the animals from this last group had the hematocrit percentage equal to 18.4
+ 5.2 %, a value similar to the one of the deprivation treatment of the 30-day refeeding
period of this study with P. unifilis. Troiano and Silva (1998) referenced hematocrit at
22.3 £ 1.26 % for Chelonoidis chilensis chilensis, a value not very distant from the values

found for P. unifilis in this work.

Hemoglobin concentration had the lowest value for the deprivation treatment of
the 30-day refeeding period, 4.63 + 1.33 g dL !, and the highest value for the control
treatment of the 60-day period, 8.47 + 3.95 g dL'. Hemoglobin concentration in the
control treatment of this research with P. unifilis was superior to the concentration in the
control group from the study by Tavares-Dias et al. (2009), 6.5+ 1.9 gdL!, that compared
the control group to a group under scarce nourishment, 1.9 + 1.3 g dL !, a value that is
lower than the one found in the deprivation treatment of the 30-day refeeding period of

P. unifilis 4.63 £ 1.33 g dL"'. Comparing to the research by Rossini et al. (2012) with P.
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expansa, the yellow spotted Amazon river turtles’ hemoglobin concentrations were all

lower than 11.8 £ 0.54 g dL".

Red blood cells concentrations stayed around 0.20 + 0.06 x10/uL (control of
the 30-day refeeding period) and 0.29 + 0.28 x10%/uL (control of the 60-day period). In
the control group of the work by Tavares-Dias et al. (2009) with P. Expansa, the red blood
cells values found were 0.28 £ 0.07 x10%/uL, and in the group in which the yellow spotted
Amazon river turtles stayed with restricted nourishment 0.220 £ 0.06 x10°/uL. For them
the food deprivation in P. expansa did not alter the red blood cells count. Oliveira-Janior

et al. (2009) got the value of 0.28 + 0.07, also for P. expansa.

For MCV, values higher than the ones found in literature were obtained. In the
work of Tavares-Dias et al. (2009) with P. expansa the average MCV was, in the control
group, 922.0 £ 150.0 fL, while for P. unifilis, of this present work, the average of the
control treatments was 1226.66 + 708.95 fL and 1446.94 + 769.53 fL, 60-day period and
30-day refeeding period, respectively. For the group with scarce nourishment from the
work of Tavares-Dias et al. (2009) it was 852.0 = 72.0 fL, lower than the values for
restriction and deprivation of both experimental periods of this work. The MCV found

by Rossini et al. (2012) reached even lower numbers, 411.1 + 22.9 fL.

For P. unifilis the MCHC with higher value was from the control treatment of
the 60-day period, 37.85 + 18.95 g dL!, and the lowest value, was also from the control
treatment, but of the 30-day refeeding period, 27.77 £ 7.69 g dL'. Both averages of
MCHC, maximum and minimum, were higher than the values found by Tavares-Dias et
al. (2009), for the control group of their study 26.2 £ 5.4 g dL!, as well as for the group

with poor nourishment 10.0 + 5.1 g dL™!, of P. expansa. Comparing to Rossini et al.
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(2012) the averages found by them, for MCHC of the P. expansa from their study share

greater similarity of values with the averages found for P. unifilis from this present work.

Studies that evaluate the MCH (mean corpuscular hemoglobin) variable and the
LRA (leukocyte respiratory activity) in chelonians are scarce, therefore, values from other
studies for comparison of these do not occur in this study, limiting to the comparison of
the control treatment, taking it as reference, with the other treatments. For MCH, in the
control treatment, values of 36.23 + 13.19 g dL! were obtained in the 60-day period and
35.50 + 14.26 g dL! in the 30-day refeeding period. Disregarding them, in the other
treatments it was possible to find the lowest value, 29.40 + 34.62 g dL, in the deprivation
group of the 30-day refeeding period and the highest value, 35.98 £ 42.09 g dL . It is
noticeable that there is no great distance between the values and the statistics showed that
there was significant difference only between the control and deprivation treatments, and
between the restriction and deprivation treatments. The values assumed for LRA were
from 0.14 £0.02 t0 0.21 + 0.06. This variable is related to the innate immunity. Therefore,
we notice that in deprivation the lowest value for LRA was obtained, 0.14 + 0.02, being
related to the low nutritional ingestion. However, with the resumption of feeding, in the
30-day refeeding treatment, an increase in this value can be observed, which is related to

the refeeding.

5.3 Biochemistry

The plasma albumin concentrations in the control and Restriction treatments of
the 60-day period differed a little from each other, 2.26 £ 0.40 g dL ' and 2.31 £ 0.98 g
dL1, respectively, but in the deprivation treatment there was a decrease of this value
reaching 1.82 £ 0.87 g dL". In the 30-day refeeding period, the highest and lowest values

for albumin were obtained, in the control the plasma concentration of albumin was 2.61



46

+ 1.38 g dL!, while for deprivation and restriction the values obtained were 1.51 + 0.66
gdL " and 1.57 £ 0.43 g dL". The diet to which the deprivation treatment was subjected
explains the low albumin concentration in the animals. In the study with 46 specimens of
P. expansa, cultivated in commercial breeding facility, by Santos et al. (2005) the plasma
concentration of albumin was 2.51 + 0.32 g dL!, a value that does not have great
difference from findings of this work with P. unifilis, except for the concentrations from
the deprivation treatments of both periods and from the restriction of the 30-day refeeding
period. We can also compare the values of this study with yellow spotted Amazon river
turtle to the findings of Prieto-Torres et al. (2013), in which their research objects were
59 specimens of Chelonia mydas reaching an average plasma albumin concentration of
2.18 + 0.40 g dL! for this animal. It is observed that albumin in the P. unifilis, also
behaved in a similar manner, except for, once again, the same treatments mentioned in

the previous comparison.

In the results of all treatments for the glucose variable, the highest value found
was 43.35 +9.29 mg dL! in the deprivation treatment of the 30-day refeeding period and
the lowest one was 35.82 + 8.07 mg dL! in the control treatment of the 30-day refeeding
period. Comparing this finding to the findings of two studies with chelonians of the same
gender, but of the P. expansa species, one by Santos et al. (2005) that established
biochemical values of reference for this animal at 122.90 + 35.19 mg dL! and the other
one by Oliveira-Janior et al. (2009) that referenced values for glucose of this animal at
91.3 + 17.7 mg dL', we observed that the values for P. unifilis of the present study are

considerably lower than the reference value of both studies.

The plasma cholesterol concentrations in this study are in the zone between

59.88 + 20.84 mg dL, from the restriction treatment of the 60-day period and 98.73 +
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36.26 mg dL !, from the control treatment of the same period. Tavares-Dias et al. (2009)
performed a study of biochemical comparison between two groups, control and reduced
feed, with 53 specimens of cultivated P. expansa and the values found were, respectively,
62.7 £ 24.3 mg dL ' and 35.7 £ 15 mg dL'. The values for P. unifilis of this present work
in the control treatments, of both periods, were superior to the values found by Tavares-
Dias et al. (2009) (98.73 *+ 36.26 mg dL ' control 60 days and 82.27 + 28.33 mg dL
control refeeding — 30 days) and the value for deprivation, in both periods, were also

superior (87.04 £ 39.69 mg dL ! and 73.12 + 7.93).

The lowest plasma cholesterol concentration was from the restriction treatment
of the 60-day period, 59.88 £ 20.84 mg dL!, however, this value is still higher than the
cholesterol concentration of the P. expansa from the work of Tavares-Dias et al. (2009)
which was 35.7 £ 15.0 mg dL, a similar comparison of values was made with the study
by Oliveira-Junior et al. (2009), also with P. expansa, in a study to reference biochemistry
values of this species. But, the plasma cholesterol concentration of P. unifilis, in all
treatments, was lower than the ones found by Santos et al. (2005) that referenced
biochemistry values in a study with 46 P. expansa in commercial breeding facility, which

was 106.93 + 21.03 mg dL .

Plasma triglyceride concentration of the restriction treatment of the 30-day
refeeding period was 85.73 £ 74.28 mg dL!, the highest value found in this study.
Comparing to the study by Santos et al. (2005) with 46 specimens of P. expansa kept in
breeding facility, in which 127.65 + 100.86 mg dL.! was obtained as reference value for
this animal, we notice that the highest value for P. unifilis is below the value referenced

by Santos et al. (2005).
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In the deprivation treatment of the 60-day period, it is possible to observe the
plasm triglyceride concentration as equal to 13.53 + 6.15 mg dL, the lowest value for
this variable in the study. Thus, it is possible to affirm that the suspension of nutrient
ingestion by the animals promotes the decrease of triglycerides concentration, but when
feed is resumed, the return to values that are similar to the ones of the continuously fed
animals, control group, occurs with only 30 days of refeeding. Comparing to the values
from the study by Oliveira-Janior et al. (2009) with 28 specimens of cultivated P.
expansa, we have plasma triglycerides concentration of 35.4 £ 19.73 mg dL!, except for
the value for deprivation of the 60-day period, this value is lower than the other values
found in this study with P. unifilis. Such differences can reside in the peculiarities of

management, food and frequency of feeding.

The plasma total protein concentration, out of all the biochemical variables
studied in P. unifilis, were the ones that had the most approximate values among the 3
treatments. With the highest value being obtained by the control treatment of the 60-day
period, 3.46 + 0.57 g dL !, and the lowest by the deprivation of the same period, 2.35 *
0.45 g AL, Santos et al. (2005) in a study with 46 P. expansa in commercial breeding
facility referenced the plasma total protein concentration at 4.43 £ 0.55 g dL!, such value

is superior to the plasma total protein concentration of P. unifilis.

Despite undergoing some decreases in the reference values, for some authors
(Bolten e Bjorndal 1992, Chandavar e Naik 2004, Santos et al. 2005) the values for
hematology and biochemistry of the turtles kept in captivity can be different from the
values observed in the turtles of free life, according to Bolten e Bjorndal (1992) e Santos
et al. (2005), such differences can be related to the stress provoked by the management

and by the artificial feed, making the establishment of reference blood values and
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comparisons between individuals and populations difficult (Frair 1977, Gottdenker e
Jacobson 1995, Pires et al. 2006). The yellow spotted Amazon river turtles have a much
greater resistance to food restriction and deprivation. The use of food restriction
alternating with refeeding is a viable way to be applied in the commercial cultivation,
because if worked properly, it is possible to develop the animal and cheapen the costs of
its management in commercial breeding facilities. The long experimental period of this
study, 60 days for the food deprivation, did not bring the yellow spotted Amazon river
turtles to death and did not cause them irreparable damages.

Future studies could analyze other parameters that this study did not observe,
such as oxidative stress at tissue level, in muscle, liver and brain, mainly, and histology
of the intestine aiming to observe the behavior of the microvilli with the reduction of
nutrient ingestion for short and long periods, besides the formulation of a study to
establish reference values for biochemistry and hematology of P. unifilis, since these

types of works are scarce for this species.
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Table 1 — Initial and final weights and percentage of weight increase of yellow spotted Amazon river turtle (P. unifilis) from experimental

groups: Feed, Restricted and Deprived after a period of 60 days and after refeeding of 30 days.

Initial weight (g kg™)

Final weight (g kg™)

% increase

Feed 648.57 =+ 74.00a 753.83 + 84.64a 16.22
§‘ Restricted 640.52 + 109.87a 750.67 £ 146.91a 17.19
8 Deprived 588.47 + 65.00a 646.00 + 78.78a 9.77

Feed 676.54 + 74.37a 794.58 + 87.00a 17.44
o Restricted 652.77 + 106.25a 724.50 + 127.66a 10.98
E Deprived 607.13 + 57.43a 665.08 + 51.41b 9.54
)
o

Data are expressed as mean = SD. Same small letters on the same line indicate that there is no significant difference (P>0.05) between them;
different capital letters on the same line indicate significant statistical difference (P < 0.05); parametric test (ANOVA) was used predominantly.
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Table 2 — Hematocrit (Ht), hemoglobin concentration (Hb), erythrocytes count (RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH)
mean corpuscular hemoglobin concentration (MCHC) and respiratory activity of leukocytes (Burst) (mean + standard deviation) of the yellow spotted Amazon
river turtle of control (C), restricted (R) and deprived (D) groups after experimental period 60 days and after 30 days of refeeding.

Period  HCT (%) HB(gdL"') RBC (x10° pL™) MCV (fL) MCH (gdL") MCHC (g dL™) Burst
C 21.70+554a 847+395a  029+0.28a  1226.66+708.95a 36.23+13.19a  37.85+18.95a  0.20 + 0.06Aa
> R 2210+446a 657+1.98a  0.20+0.09a  123477+456.20a 34.81+12.3la  31.08+10.76a  0.17 0.04ab
(@)
Q D 2167+392a 632+117a  022+0.10a  1180.33+577.25a  34.08+158la  29.34+4.10a 0.14 +0.02B,b*
o C 2230+343a 625+156a  0.20%0.09% 1446.4 +769.53a 3550+ 14.26B  27.77+7.69a  0.17+0.02a
©
QO R 1950+6.26a 553+174a  028+016a  1090.19+12223a 3598+4209Aa 31.08+10.76a  0.17+0.03a
o
. D 1800+6.50a 4.63+133a  024+01la  1183.63+16027a 29.40+34.62Ca 29.34+4.10a  0.21+0.06a*
C
=
]
S
x

Different small letters in the same line indicate that there is significant difference (P < 0.05) between groups kept for 60 days in experimental
treatment; Different capital letters on the same line indicates significant statistical difference (P < 0.05) between ‘refeeding’ groups; * indicates
statistical difference (P <0.05) between different periods of the same experimental group and no * that there is no statistically significant difference
(P >0.05). There was a predominance of the use of parametric test (ANOVA).
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Table 3 — Data are expressed as mean x SD of the biochemical variables (albumin, glucose, cholesterol, triglycerides and total proteins) of the
yellow spotted Amazon river turtle of control (C), restriction (R) and deprivation (D) groups after 60 days of experimental period and after 30
days of refeeding.

Albumin (g dL™) Glucose (mg dL™*)  Cholesterol (mg dL)  Triglycerides (mgdL™)  Total Proteins (g dL™)

C 2.26 £ 0.40a 38.82 + 10.03a 98.73 + 36.26Aa 79.38 + 41Aa 3.46 £ 0.57Aa
% R 2.31+0.98a 38.30 £ 9.69a 59.88 + 20.84Bb* 52.42 + 30.06aC 3.14+0.47aB
0O
8D 1.82 +£0.87a 37.99 +10.72a 87.04 £ 39.6%ab 13.53 £ 6.15B* 2.35+0.45C
C 2.61+1.38a 35.82 +8.07a 82.27 + 28.33a 80.84 £52.13a 3.31+0.48a

R 157 +0.43a 40.61 +7.27a 84.80 + 28.90a* 85.73 £ 74.28a 3.33 £ 0.64a

1.51 + 0.66a 43.35+9.29 73.12 +7.93a 76.39 + 29.22a* 2.72+0.71a

Refeeding — 30 Days
w)

Equal lowercase letters on the same line indicate that there is no statistically significant difference (P> 0.05); Different capital letters on the same
line indicates significant statistical difference (P <0.05); * indicates statistical difference (P <0.05) between different periods of the same
experimental group and no * that there is no statistically significant difference (P> 0.05). There was a predominance of the use of parametric test
(ANOVA).



61

6. CONCLUSOES

Os tracajas possuem grande resisténcia a restricdo e privacdo alimentar, pois o
periodo experimental de 60 dias ndo levou nenhum animal a ébito e nem causou
danos irreparaveis nas variaveis analisadas (hematologia e bioquimica).

O presente estudo mostrou a viabilidade de realizar uma reducéo de 50% na taxa de
alimentacdo dos tracajas, trazendo beneficios para o produtor pela reducao de gastos
durante a producgéo desses animais cultivados.

Os animais submetidos a restricdo alimentar mostraram ganho de peso similar aos
animais que receberam alimentacao todos os dias, resultando num crescimento
corporal, embora tenha sido menor que o crescimento do grupo que recebeu
alimento todos os dias. Esta taxa de crescimento inferior do grupo restrito quando
comparado ao grupo controle ndo indicou crescimento compensatario;

O uso da restricdo alimentar alternada com realimentacdo é vidvel no cultivo
comercial, pois pode-se promover o desenvolvimento do animal, barateando os
custos para sua producao.

Estudos futuros sobre a fisiologia de tracajas sao necessarios com a realizacdo de
analises como estresse oxidativo em mdsculo, figado e cérebro, e anélise
histolégica do intestino, a fim de se observar o comportamento das
microvilosidades com a diminuigédo da ingestdo de nutrientes por curtos e longos
periodos. A realizacdo de um estudo para estabelecer valores bioquimicos e
hematoldgicos de referéncia para a espécie P. unifilis, poderia também promover
0 aumento de conhecimento sobre esta espécie.

Portanto, conhecer o comportamento fisioldgico do tracaja P. unifilis, considerando
o0 presente trabalho, viabiliza a producao comercial de modo a atender a demanda
de produtos proporcionando a diminuicdo da pressdo da exploragédo ilegal,
consolidando meios de protecdo e conservacdo da espécie e contribuindo para a

potencialidade de cultivo de tracaja pelos produtores da regido.
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