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RESUMO

A produg@o animal passard por novos desafios impostos pela escassez de recursos em
funcdo das mudangas climaticas, gerando consequéncias negativas na satde e no bem-
estar dos animais. Dentre as mudancgas esperadas estdo a elevagdo de temperaturas,
alteracdo no nivel do mar e no regime de precipitacdo, podendo causar secas prolongadas,
aumentando a incidéncia de eventos extremos, como inundagdes e geadas, interrupgao do
abastecimento de alimentos, surtos de doencas, entre outros. Assim, a gestdo dos sistemas
agricolas e dos recursos naturais precisa ser melhor planejada de forma a garantir que as
comunidades e praticas agricolas sejam suficientemente resilientes e sustentaveis para
lidar com os impactos das mudangas climaticas. Nos ultimos anos tem-se observado uma
maior intensidade de sele¢do para aumentar a produtividade com o uso de técnicas de
melhoramento animal e tecnologias reprodutivas, tendo como consequéncia a redug@o na
resisténcia a doengas, bem como na tolerdncia a novas condi¢cdes ambientais e
consequente diminui¢do da adaptabilidade. Nesse sentido, o presente trabalho buscou
analisar fatores que afetam a adaptacdo de recurso genéticos animais as condicdes
ambientais por meio de metodologias bibliométricas, andlises de dados e andlises
estatisticas com objetivo de evidenciar as relagdes entre as condigdes climaticas,
fisiologia e termorregulagdo em ruminantes e os limites fisiolégicos de conforto térmico.
O mapeamento bibliografico mostrou que Estados Unidos, Reino Unido e China se
destacam na producdo cientifica sobre ‘Mudanca Climatica’ e ‘Recursos Genéticos
Animais’, porém paises como Brasil, Australia, Franca, Canadd e Alemanha tém sido
citados cada vez mais, demonstrando uma importancia desses paises no cenario da
publicagdo mundial. A China tem se destacado nos ultimos anos tanto no numero de
produgdo cientifica, como no reconhecimento dos seus pesquisadores. As analises de
caminhos e a regressdo logistica se mostraram técnicas de andlise estatistica eficientes
para avaliar o comportamento de varias ragas submetidas a situagdes de estresse térmico.
Ragas bovinas naturalizadas, como Junqueira e Indubrasil, apresentaram boa
adaptabilidade as condi¢des climdticas tropicais. A raga de ovinos Morada Nova teve os
melhores resultados de frequéncia respiratoria e temperatura retal, demonstrando sua
rusticidade. A andlise broken lines, por sua vez, traz pontos de inflexdo que mostram os
momentos em que os animais apresentam uma mudanga na resposta fisiologica na

tentativa de compensar o aumento da temperatura ambiental. Os animais da raga Nelore
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mostraram maior tolerancia ao estresse térmico quando comparados aos demais. O
objetivo deste trabalho foi alcangcando com sucesso uma vez que foram gerados resultados
concretos e confiaveis no estudo da fisiologia dos animais de producao frente ao estresse

térmico utilizando ferramentas pouco comuns.

Palavras-chave: Bovinos; Estresse térmico; Mudangas climaticas; Ovinos.
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ABSTRACT

Livestock production will face new challenges imposed by the scarcity of resources due
to climate change, generating negative consequences on the health and welfare of
animals. Among the expected changes are rising temperatures, changes in sea level and
precipitation patterns, which may cause prolonged droughts, increasing the incidence of
extreme events such as floods and frosts, interruption of food supply, disease outbreaks,
among others. Thus, the management of agricultural systems and natural resources needs
to be better planned to ensure that farming communities and practices are sufficiently
resilient and sustainable to cope with the impacts of climate change. In recent years we
have observed a greater intensity of selection to increase productivity with the use of
animal breeding techniques and reproductive technologies, with the consequence of a
reduction in resistance to diseases, as well as tolerance to new environmental conditions
and a consequent decrease in adaptability. Therefore, the present work sought to analyze
factors that affect the adaptation of animal genetic resources to environmental conditions
by means of bibliometric methodologies, data analysis and statistical analysis with the
objective of highlighting the relationships between climatic conditions, physiology and
thermoregulation in ruminants and the physiological limits of thermal comfort.

The bibliographic mapping showed that the United States, United Kingdom and China
stand out in the scientific production on 'Climate Change' and 'Animal Genetic
Resources', but countries like Brazil, Australia, France, Canada and Germany have been
cited increasingly, demonstrating an importance of these countries in the world
publication scenario. China has stood out in recent years both in the number of scientific
production and in the recognition of its researchers. Path analysis and logistic regression
have proven to be efficient statistical analysis techniques to evaluate the behavior of
several breeds subjected to heat stress situations. Naturalized cattle breeds, such as
Junqueira and Indubrasil, showed good adaptability to tropical climatic conditions. The
Morada Nova sheep breed had the best results for respiratory rate and rectal temperature,
demonstrating its rusticity. The broken line analysis, in turn, brings inflection points that
show the moments in which the animals present a change in physiological response in an
attempt to compensate for the increase in environmental temperature. Nelore animals

showed greater tolerance to heat stress when compared to others. The objective of this
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work was successfully achieved once concrete and reliable results were generated in the

study of the physiology of production animals facing heat stress using uncommon tools.

Keywords: Cattle; Heat stress; Climate change; Sheep.
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CAPITULO 1. FATORES FISIOLOGICOS E GENETICOS NA TOLERANCIA
AO CALOR EM ANIMAIS DE PRODUCAO

1.INTRODUCAO

A produgdo agropecuaria tem papel essencial na manuten¢do da vida humana. Nos
ultimos anos, a demanda mundial por alimentos tem aumentado com maior intensidade
por causa do crescente aumento populacional, acompanhado por uma maior urbanizagdo
e pelo incremento da taxa de longevidade humana. A consequéncia dessas transformagdes
acentuadas especialmente nos ultimos 40 anos ¢ o crescimento da demanda global por
alimentos, com a necessidade de aumento de producao em 35% até 2030 (EMBRAPA,
2018).

O Brasil, como quarto maior produtor mundial de graos e terceiro maior produtor
mundial de carne -bovinos, suinos e aves- (EMBRAPA, 2022), tem grande
responsabilidade no atendimento dessa necessidade e deve atuar como protagonista no
atingimento das metas de produgdo alimentar. Considerando que essa expectativa de
crescimento estd acontecendo em um mundo com uma dindmica cada vez mais acelerada
no que diz respeito a novas exigéncias, como recursos naturais finitos, desafios
climaticos, entre outros, a produgdo agropecudria deve estar cada vez mais adaptada a
novas condigdes.

As mudancgas climaticas, em especial o aquecimento global, t€ém sido temas
norteadores da pesquisa cientifica atualmente (SEJIAN et al., 2018; MCMANUS et al.,
2022). As inovagdes em ciéncia e tecnologia alimentar influenciaram significativamente
o sistema alimentar moderno, especialmente na solucdo de deficiéncias nutricionais e
desafios de seguranca alimentar (MENSI; UDENIGWE, 2021). Por isso, ¢ importante
que os sistemas de producdo sejam desenvolvidos para atender as novas demandas, como
desenvolvimento sustentavel, conservacao da biodiversidade, uso de fontes de energia
sustentaveis e/ou renovaveis, adaptacdo a mudangas climaticas (HERRERO et al., 2021;
MENSI; UDENIGWE, 2021).

A questdo da adaptacdo animal ¢ uma problematica associada ao estudo da
transformac¢do do clima, uma vez que mudangas climaticas e o aumento da temperatura
global impactam todo o setor agricola. De acordo com HAYHOE et al. (2018), as
variacdes do clima acontecem naturalmente hd milhares de anos, porém a partir da

Revolugdo Industrial o aumento da temperatura atmosférica tem sido consideravelmente



acelerada. No ambito da producdo animal, o bovino ¢ uma das categorias mais suscetiveis
aos efeitos devastadores da mudanga climatica (ANGEL et al., 2018); e o estresse térmico
¢ a consequéncia mais prejudicial e comprometedora da produgdo e reproducdo animal
(DE LA SALLES et al., 2018; COLLIER et al., 2019;) Os pequenos ruminantes, por sua
vez, sdo uma fonte essencial de subsisténcia para a populagdo rural e importantes para o
desenvolvimento de sistemas de producdo sustentaveis e ambientalmente corretos,
principalmente em ambientes influenciados pelo calor (BERIHULAY et al., 2019).

O estresse térmico ndo compromete somente a producdo e a reproducdo dos
animais, apesar de serem consequéncias extremamente relevantes. De acordo com
Gonzalez-Rivas et al., (2020), as perdas econdmicas no setor pecuario associadas ao
estresse térmico incluem aumento dos custos veterinarios, reducao de receita nas vendas
e aumento dos problemas relacionados ao bem-estar animal; além de afetar toda a cadeia
de produ¢do, como armazenamento, transporte e venda de produtos de origem animal
(JOY et al., 2020; GODDE et al., 2021).

Ao longo dos anos, ¢ possivel observar o aumento da produ¢do cientifica que
aborda a temdtica da adaptacdo de recursos genéticos animais e o impacto das mudangas
climaticas na pecuaria (AYANLADE; OJEBISI, 2020), porém nos tltimos anos podemos
observar uma maior utilizagao de tecnologias, como termografia infravermelho e machine
learning (JOY et al., 2022) e analises de dados (VIEIRA et al., 2022) para auxiliar na
compreensdo dos eventos fisioldgicos dos animais. De acordo com (PASSAMONTI et
al., 2021), a utilizagdo da IoT (Internet of Things, Internet das Coisas em portugués) tem
aumentado a capacidade dos pesquisadores de registrar variaveis ambientais e o status de
bem-estar dos animais, além de fornecer dados para sistemas dedicados ao controle das
condi¢des ambientais e ao fornecimento de alertas antecipados de desconforto em animais
individuais. A utilizagdo de redes bibliométricas, por exemplo, ¢ uma ferramenta de
andlise de dados que promove um entendimento mais claro da publicacdo cientifica a
respeito de qualquer assunto e, nesse caso, pode ser utilizada na compreensao da pesquisa
cientifica sobre mudancas climaticas e recursos genéticos animais. McManus et al. (2023)
publicaram um estudo sobre redes bibliométricas para tolerancia térmica em animais de
producgdo e conseguiram identificar os principais grupos de pesquisa e as tendéncias de
estudos sobre tolerancia ao calor em animais de producgdo. Esses autores afirmam que
essa area de pesquisa esta crescendo trés vezes mais rapido do que as taxas de publicagdo

em geral.



Esse estudo buscou utilizar andlise de dados e estatistica para auxiliar na
compreensdo da fisiologia dos animais de producdo quando submetidos a condi¢des
desafiadores, especialmente em situagdes de altas temperaturas. Por meio dos resultados
obtidos serd possivel auxiliar na gestdo dos sistemas agricolas e dos recursos naturais, de
forma a garantir que as comunidades e praticas agricolas sejam suficientemente

resilientes e sustentaveis para lidar com os impactos das mudangas climaticas.

1.1 Objetivos

Especificar os fatores que afetam a adaptagdo de recurso genéticos animais as
condi¢cdes ambientais por meio de andlises estatisticas, analises de dados e mapeamento

bibliométrico

1.2 Objetivos Especificos

e Analisar as relagdes entre as condigdes climaticas, fisiologia e termorregulagio
em bovinos, bubalinos e ovinos e as respostas dos animais através de andlises
estatisticas

e Identificar limites fisiologicos de conforto térmico utilizando frequéncia
respiratdria e temperatura ocular através de termografia como parametros.

e Compreender as tendencias da pesquisa cientifica que abordam “mudangas

climaticas” e “recursos genéticos animais” como tema.



2.REVISAO DE LITERATURA

2.1 Mudangas Climaticas ¢ Estresse Térmico Animal

Mudanga climatica é um conjunto de eventos, naturais ou nao, de longa duragao
que altera os padrdes do clima . As mudangas climaticas observadas em todo o mundo no
século XXI e o aquecimento global sdo resultados significativos do que vem ocorrendo
nos ultimos 65 anos (ABBASS et al., 2022). Com o inicio da revolu¢do industrial, as
alteragdes do clima da Terra foi intensificado (HAYHOE et al., 2018). De acordo com
Lacetera (2019), os efeitos das mudancas climaticas nos animais ocorrem principalmente
devido ao aumento das temperaturas e a frequéncia e intensidade das ondas de calor.

A mudanga climatica acelerada e descontrolada ¢ ruim e representa uma ameaca
global significativa aos ecossistemas. Prevé-se que padrdes climaticos anormais podem
eliminar 8% das espécies animais no mundo (JOY et al., 2020). De acordo com o relatdrio
do Painel Intergovernamental sobre Mudancas Climaticas (IPCC) publicado em 2001, as
estimativas indicavam que 25% dos mamiferos e 12% das aves do mundo corriam risco
significativo de exting¢do global (IPCC, 2001). Contudo, no ultimo relatério publicado por
esse orgdo em 2022, os pesquisadores afirmaram que a extensdo e a magnitude dos
impactos das mudancas climaticas sdo maiores do que as estimadas em avaliagdes
anteriores (IPCC, 2022).

O aumento da temperatura atmosférica ¢ um tipo de alteragdo climatica que
preocupa pesquisadores e criadores em especial. Ha vérias maneiras pelas quais as
mudangas climaticas afetam os animais de produc¢ao, especialmente por meio do estresse
térmico, que altera a qualidade e a quantidade do pasto e aumenta a ocorréncia de pragas
e doengas (GAUGHAN; CAWDELL-SMITH, 2015), além de impactar a produtividade,
a reproducdo e o bem-estar dos animais (SEJIAN et al., 2018; HOFFMAN et al., 2023).

A producdo de leite e de carne ¢ fortemente impactada quando os animais estao
sob estresse termico. Bovinos de leite podem ser mais vulneraveis aos efeitos negativos
do estresse térmico, pois esses impactos adversos podem ser mais profundos durante a
gestacdo e a lactacdo (BAGATH et al., 2019a), ademais o estresse por calor reduz a
ingestdo de matéria seca, o que, consequentemente, tem uma influéncia negativa na
absor¢do de nutrientes, afetando o sistema imunologico e a resposta inflamatoria

(YADAV etal., 2016). O estresse térmico afeta a bioenergética do animal, especialmente



aqueles mantidos em altos niveis de nutricdo com o objetivo de maximizar as taxas de
crescimento, o que leva a um aumento significativo de calor em seus corpos (IDRIS et
al., 2021). Caprinos e ovinos também sofrem as consequencias de um ambiente
estressante termicamente, apesar de serem considerados animais mais resistentes e
adaptados ao calor. Para Abioja et al. (2023), os caprinos possuem algumas caracteristicas
fenotipicas adaptativas que os retratam como resistentes, com adaptabilidade ecologica
baseada em caracteristicas anatomicas, morfologicas e fisiologicas que conferem
resisténcia a altas temperaturas ambientais. Entretanto, a produgdo de caprinos nao esta
isolada da influencia das mudangas climaticas.

Para McManus et al. (2022a), uma das alternativas as mudangas climaticas seria
o uso de ragas adaptadas localmente em sistemas de raca pura ou cruzada e o estudo
dessas racas para elucidar caracteristicas fisicas ou fisioldgicas e vias metabdlicas que
contribuem para a resiliéncia, resisténcia ou tolerancia em condic¢des estressantes. Nesse
mesmo raciocinio, Joy et al., (2020) afirmam que a identificacdo de ragas tolerantes e
melhor adaptadas a condigdes ambientais extremas (alta temperatura, escassez de
alimento e de agua) ¢ uma estratégia viavel para mitigar o impacto das mudangas
climaticas na producdo de pequenos ruminantes. Ainda para esses autores, a capacidade
adaptativa relativa de diferentes ragas em termos de produgdo e reproducdo € uma area
promissora de pesquisa. Ainda assim, de acordo com Escarcha et al. (2018), estudos
mostram lacunas em nosso conhecimento em questdes cientificas essenciais sobre os

impactos das mudancas climaticas e a adaptagdo em sistemas de pecudria.

2.2 Fatores Fisiologicos e Morfologicos no Estresse Térmico

A estratégia térmica dos animais homeotérmicos (dentre eles os mamiferos) ¢
manter a temperatura corporal acima da temperatura ambiente, o que lhes permite dissipar
o calor por meio de trés mecanismos que exigem um gradiente térmico (condugdo,
convecgdo e radiacdo). Quando o ambiente atinge ou excede a temperatura corporal do
animal, essas rotas de troca de calor sdo descartadas, ¢ a ultima/tinica rota restante de
perda de calor € por meio de rotas evaporativas (suor e respiragdo ofegante), que exigem
um gradiente de pressao de vapor (COLLIER et al., 2019).

Os animais sdo mais produtivos em uma faixa de temperatura conhecida como

zona de termoneutralidade (MANZOOR et al., 2022), e quando s3o expostos a condi¢des



fora desse intervalo ideal, devem buscar meios de ganhar ou perder calor. Os animais
homeotérmicos respondem as altas temperaturas do ambiente aumentando a perda de
calor e reduzindo a producdo de calor na tentativa de evitar o aumento da temperatura
corporal (hipertermia) (LACETERA, 2019). Para entender como o estresse afeta um
organismo, € necessario compreender como a resposta pode ser afetada por varios fatores
complexos e sobrepostos (MCMANUS et al., 2022b).

O estresse ¢ definido como um evento ou condi¢do externa que produz uma tensao
em um sistema biologico (WEARY; ROBBINS, 2019). Quando o estresse ¢ ambiental, a
tensdo ¢ medida como uma mudanga na temperatura corporal, na taxa metabolica, na
produtividade, na conservagao de calor e/ou nos mecanismos de dissipacio (MCMANUS
et al., 2020b). O estresse térmico ¢ desencadeado quando as condi¢cdes ambientais
excedem a temperatura critica superior ou inferior dos animais, exigindo um aumento no
metabolismo basal para lidar com o estresse (SILVA; MAIA, 2013).

Pode-se dizer que o estresse, de maneira geral, ocorre em trés etapas, quais sejam
(1) o agente estressor ¢ percebido e avaliado (GODOY et al., 2018) por receptores,
incluindo termoreceptores que percebem o estresse térmico, (ii) ocorre o processamento
das informagdes e (iii) ¢ desencadeada uma resposta ao estresse (MCMANUS et al.,
2022b). A resposta ao estresse pode promover alteracdes metabolicas na tentativa de
manter a homeostase. Essas alteragdes incluem a mobilizagdo de energia e dgua e a
reducdo da atividade dos sistemas digestivo e reprodutivo, bem como a ativagdo do
sistema imunoldgico (SEJIAN et al., 2018). Dessa forma, Collier et al. (2019) concluem
que a termorregulacdo ¢ um processo neural que conecta informagdes do ambiente
externo e interno a uma resposta apropriada (por exemplo, vasoconstri¢do, elevagdo e
abaixamento de pelos ou penas, respiracdo ofegante), o que permite que o animal

mantenha um ambiente interno estdvel em relagdo a um ambiente externo variavel.

2.2.1 Fatores Fisiologicos

O estresse por calor causa varias alteragdes fisiologicas. Essas alteracdes podem
incluir o aumento das temperaturas da superficie e do nucleo do corpo, alteracdes nas
fungdes enddcrinas e reprodutivas, reagdes enzimaticas e niveis de cortisol e
corticosterona circulatorios (GAUGHAN; CAWDELL-SMITH, 2015); além de alteragao

no metabolismo proteico e energético (SAMMAD et al., 2020), desequilibrio mineral e



alteracdes no pH sanguineo (ZHANG et al., 2020), mudanga na digestibilidade e no
metabolismo dos nutrientes (EMAMI et al., 2021), alteragdes na microbiota (TYPE et al.,
2021). Todas essas alteragdes podem levar a redu¢do do consumo de alimento, afetando
negativamente o crescimento, a producao de leite e carne e os indices reprodutivos.

De acordo com Collier et al., (2019), existem duas categorias de estresse térmico
por calor, que s3o a aguda ou a crénica. Quando ocorre um aumento curto e rapido da
temperatura ambiente, temos o estresse térmico agudo, por outro lado, o tipo cronico
ocorre quando a temperatura ambiente se eleva por um longo periodo (dias a semanas),
permitindo a aclimatagdo ao ambiente. Essa variacdo da temperatura leva as respostas
fisiologicas, como alteragdo da respiragdo, da frequéncia cardiaca, do suor, da
temperatura corporal, entre outros. Algumas dessas varidveis fisiologicas (temperatura
central do corpo e da pele, frequéncia respiratoria, sudorese, pulso ou frequéncia cardiaca)
tém sido consideradas medidas de referéncia para avaliar a tolerancia ao calor, com varias
técnicas desenvolvidas para maximizar as informagdes que podem ser obtidas a partir
dessas variaveis (DALCIN et al., 2016).

A frequéncia respiratoria foi descrita como a variavel fisiolégica mais sensivel ao
estresse térmico € como uma das mais uteis (MCMANUS et al., 2020b) para avaliar a
condi¢do do animal. As alteragdes na frequéncia respiratdria sempre precedem as
alteracdes em outras variaveis fisiologicas (temperatura retal, sudorese, pulso ou
frequéncia cardiaca) durante o estresse por calor. Consequentemente, foi sugerido que as
alteracdes na frequéncia respiratdria poderiam ser usadas como uma ferramenta de
avaliacdo do bem-estar animal na fazenda para identificar e classificar os animais em
suscetiveis ou tolerantes (HABIBU et al., 2019). A medicdo da temperatura retal ¢ o
método predominante de avaliacdo da temperatura do nucleo corporal. Trata-se de uma
medida secundaria, pois a temperatura no interior do corpo comeca a aumentar quando o
excesso de calor metabolico ndo consegue ser dissipado pelos mecanismos de
termorregulagdo. Por isso, a alteracdo da respiracdo ¢ a primeira resposta para lidar com
ambientes quentes durante a fase inicial do estresse por calor (YAN et al., 2021).

O estresse por calor também pode afetar o equilibrio mineral do animal (LI et al.,
2018). Os animais sob estresse por calor apresentam maior produgdo de suor, mas
também apresentam maiores perdas de potassio e cloreto do que os animais sem estresse
por calor (LIVINGSTON et al., 2022). Outras altera¢des incluem o aumento da renovagao

de 4gua, principalmente devido a maior perda de 4gua por evaporagao, comprometimento



da fun¢do ruminal, redugdo da atividade bacteriana ¢ diluicdo do fluido ruminal
(BERNABUCCI et al., 2010). Ainda, estudos indicam que o estresse por calor altera os
efeitos imunomoduladores (FABRIS et al., 2017) e causa impacto negativo no sistema

imunolégico (BAGATH et al., 2019).

2.2.2 Fatores Morfologicos

As caracteristicas fisicas (morfoldgicas) dos animais influenciam na forma como
eles respondem ao estresse térmico. O tamanho e a forma do corpo, o tipo e a cor do pelo
ou da 13, a estrutura e a cor da pele, sdo exemplos de como caracteristicas fisicas podem
estar envolvidas nas respostas ao estresse térmico.

O tamanho do corpo afeta a energia térmica dos ruminantes por meio das
exigéncias de energia para manuten¢do, crescimento e produgdo (Mitchell et al., 2018).
A redugdo no tamanho de uma raga pode ser uma adaptagdo evolucionaria as mudangas
do ambiente (COLLIER; GEBREMEDHIN, 2015) ou o resultado de uma redugdo na
disponibilidade de energia e na qualidade dos alimentos em ambientes mais quentes
(ELAYADETH-MEETHAL et al., 2018). As caracteristicas do pelo e/ou da 13 também
estdo associados a capacidade de perda de calor. Pelos escuros e longos (AL-
RAMAMNEH, 2023) e pelagens densas (MORRELL, 2020) podem causar
superaquecimento nos animais. Por outro lado, pelagens mais finas com pelos curtos e
grossos podem permitir uma melhor dissipa¢do do calor do corpo (MCMANUS et al.,
2022b). Além disso, de acordo com Herrig et al. (2006), a tosquia reduz o estresse térmico
em ovelhas, indicando que a cobertura de 13 restringe a produtividade das ovelhas em um

ambiente quente.

2.3 Tendencias da Pesquisa Cientifica

A humanidade enfrenta o grande desafio de reconfigurar os sistemas alimentares
para oferecer alimentos saudaveis e acessiveis a todas as pessoas e, a0 mesmo tempo,
viabilizar a sobrevivéncia do planeta (HERRERO et al., 2021). Contudo, apenas produzir
um volume maior de alimentos e alimentos mais saudaveis de forma mais sustentavel ndo
garantira o bem-estar humano. Outros desafios cruciais também precisam ser enfrentados,

como a conservagdo da biodiversidade, a utilizagdo de energia sustentavel, a seguranga



hidrica e a adaptacao e mitigacdo das mudancas climaticas (ANGEL et al., 2018; MENSI,;
UDENIGWE, 2021). Esses desafios interligados estdo incorporados na Agenda 2030 para
o Desenvolvimento Sustentavel, adotada por todos os estados-membros da ONU em 2015
e construida em torno dos 17 Objetivos de Desenvolvimento Sustentavel (ONU, 2016).

Dada a importancia da pecudria para a seguranga alimentar global, sdo necessarios
esforcos para identificar ragas que sejam capazes de manter a produ¢do em um cendrio
de mudangas climaticas, além de quantificar a resposta desses animais ao estresse
térmico. Qualquer avango nas tecnologias relacionadas a melhoria da eficiéncia da
obtencao de dados ¢ fundamental para aprimorar o conhecimento e a compreensao dos
mecanismos que sustentam a tolerancia ao calor (RASHAMOL et al., 2019). Sendo
assim, podemos analisar como a pesquisa cientifica vem se comportando nos ultimos
anos, quais as tendencias temadticas que os pesquisadores estdo abordando e as
perspectivas de publicagdes futuras.

No contexto das mudancas climaticas, o estudo de como o aquecimento global
afeta a adaptacdo dos animais de produgdo (SEJIAN et al., 2018; MCMANUS et al.,
2022b) se tornou mundialmente importante. Devido a natureza generalizada do estresse
térmico no bem-estar e na produtividade dos animais, ele deve ser visto no contexto de
um sistema (MCMANUS et al., 2023). A analise bibliométrica e a consequente criagao
de redes bibliométricas pode ajudar a entender diferentes areas de pesquisa, a identificar
os principais grupos de pesquisadores, caracteristicas de publicagdes e também as
mudancas nos topicos de pesquisa ao longo do tempo (YU et al., 2020). Essas analises
ajudam a estabelecer interconexdes entre artigos e temas, além de ajudarem a entender
como um campo de estudo estd se desenvolvendo e mudando no mundo ao longo do

tempo (SHAH et al., 2020).
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O presente artigo foi submetido na Tropical Animal Health and Production e esta em fase

de revisdo.

12



CAPITULO 5. PATH ANALYSIS AND LOGISTIC REGRESSION FOR SHEEP

O presente Capitulo sera submetido na Tropical Animal Health and Production e esta

formatado de acordo com as diretrizes dessa revista.

13



Path Analysis and Logistic Regression for Heat Tolerance in Wooled and Hairy Sheep
Renata Augusto Vieira?, Concepta McManus®
9 Universidade de Brasilia, Faculdade de Agronomia e Medicina Veterindria, Brasilia,
Distrito Federal, Brazil.

bUniversidade de Brasilia, Instituto de Ciéncias Bioldgicas, Brasilia, Distrito Federal,
Brazil.

Corresponding author: Renata A. Vieira (renata.vieira@terra.com.br)
ORCID: https://orcid.org/0000-0003-1720-4467

Abstract

Climate change and increasing atmospheric temperature are important issues in the
breeding of small ruminants. Although these animals are considered highly adaptable to
extreme conditions, it is important to observe how these animals respond
physiologically when challenged in warm climatic regions. Understanding the
physiological pathways that lead these animals to thermal equilibrium is very important.
In this study we analysed environmental and physiological variables and their
correlations. In total 16 sheep genetics groups were studied, separated in two groups
(wool and hair), in order to analyse how the variables correlate using path analysis; and
also the responses of respiratory rate and rectal temperature to increased THI, using
logistic regression analysis. Suffolk and Dorper were the breeds that presented
alterations in respiration before the others. Bergamasca and Poll Dorset x Dorper were
the first groups to present alterations in rectal temperature. Hampshire Down showed
no alteration in respiratory rate. Morada Nova was the breed (among the breeds with
hair) that had the most delayed alteration in respiratory rate and rectal temperature.
The use of path analysis and logistic regression helps in the understanding of how

animals respond physiologically to environmental changes.

Key words: Heat stress; rectal temperature; respiration rate; temperature-humidity
index

Introduction
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Climate change is a transformation that occurs in weather patterns over the
years. These variations occur naturally, but according to Hayhoe et al. (2018), the rise in
atmospheric temperature has been most accelerated since the industrial revolution. Air
temperature and relative humidity are critical environmental parameters because they
directly influence productivity, reproduction and the overall development of farm
animals (Vieira et al., 2022). The variation of environmental temperature and humidity
can lead the animal to thermal stress through low or high temperatures, accompanied
by increased relative air humidity. When these climatic variations occur naturally and
are not extreme, animals tend to adapt (Collier et al., 2019; Godde et al., 2021), but
when these changes are too fast or severe, animals need to use behavioral and
physiological tools to try to adapt to the new conditions.

Production animals are especially subject to heat stress because they are
restricted to a specific area, even those raised in extensive systems as they cannot seek
more comfortable environments in nature, and show increased metabolic heat
production. In addition to animals being more susceptible to heat stress, rising
temperatures also influence food and water resources, affecting the entire production
chain, including storage, transport and sale of animal products (Joy et al., 2020; Godde
et al., 2021). Production animals have a spectrum of thermal comfort zones where they
can live, produce and reproduce ideally and this will vary according to species, breed,
age and physiological state (Pawar et al., 2022). Some breeds of sheep and goats are
well adapted to warm environments, contributing to acceptable levels of productivity
(Silanikove and Koluman, 2015). Considering the entire population of sheep and goats
in the world, approximately half live in arid regions, which demonstrates the ability of
these animals to withstand warmer climates (Joy et al., 2020). Brazil is a country with
tropical climate in most of its territory and has about 27 registered sheep breeds
(McManus et al., 2014), which demonstrates the importance of studies of this theme
for scientific research (McManus et al., 2016).

According to Vieira et al. (2022), the physiology of thermoregulation in mammals
is a complex process, and for Wijffels et al. (2021) the type of physiological response of
an organism is influenced by specific characteristics of the animals, such as age, sex, diet,

body condition, reproductive stage, etc., as well as by the environment and the
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management of the animals. In this sense, we sought to analyze the interaction between
environmental and physiological factors on heat stress in different breeds of sheep. Path
analysis is a method that evaluates the cause and effect relationship between different
variables (Tyasi et al., 2020) and was used in this study to verify which variables influence
the stress in animals and how this process can occur. Logistic regression analysis is used
to estimate the relationship between variables (Schober and Vetter, 2021) and in this
study its objective was to show when physiological responses occur according to the

increase in temperature.

Material and Methods

Data was collected from 16 genetic groups of sheep: Bergamasca (BE),
Bergamasca x Santa Inés (BS), Corriedale (CORR), Crioula, Dorper (DR), Dorper x Santa
Inés (DRSI), East Friesian x Santa Inés (EFSI), Hampshire Down (HD), Ideal, lle de France
(IF), lle de France x Santa, Inés (IFSI), Merino, Morada Nova (MN), Romney, Santa Inés
(SI), Suffolk (SUFF), Texel (TX), Texel x Corriedale (TXCO), and Texel x Santa Inés (TXSI).
Among these breeds, Bergamasca (BE), Corriedale (CORR), Crioula, Hampshire Down
(HD), Ideal, lle de France (IF), Merino, Romney, Suffolk, Texel, Texel x Corriedale (TXCO),
lle de France x Santa Ines (IFS), and Texel x Santa Ines (TXSI) are characterized as being
wool animals and Santa Ines (Sl), Dorper (DR), Dorper x Santa Ines (DRSI), Morada Nova
(MN), Poll Dorset x Dorper (PDDR), Poll Dorset x Santa Ines (PDSI), Bergamasca x Santa
Ines (BS), and East Frisian x Santa Ines (EFSI) are classified as being hair breeds.

Data was collected at two times of the day, in the morning (8am) and in the
afternoon (2pm). At each data acquisition the animals were gathered in a space where
they were weighed, measured, their temperatures, heart and respiratory rates
measured, and material collected for blood analysis. After the first collection in the
morning, the animals were taken to the yard, where they remained exposed to the sun
until the time of the second data collection, at 2 pm, with unlimited access to water.

The animals were weighed using a scale and body measurements were measured
using a tape. Heart rate (HR) is the number of beats per minute and was measured using
a stethoscope and chronometer. Respiration rate (RR) is the number of intercostal

muscle movements per minute and was measured visually by counting movements in
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the flank region for one minute using a stopwatch. Rectal temperature (RT) was
measured using a clinical thermometer placed against the rectal wall for three minutes.
The images of eye, nose, neck and axilla of the animal were obtained using Infrared
Thermography (IRT) and QuickReport (FLIR Systems Inc., USA) software was used for
analysis of the images.

Samples were collected to determine the number and length of hairs. Using
appropriate pliers, portions of hair were removed from the upper central region of the
shoulder (approximate area of 1 cm?) according to Lee (1953). To measure hair length,
a pachymeter was used, considering only the ten longest hairs in each sample, according
to Udo (1978).

During the experimental period, environmental data such as air temperature and
humidity, black globe temperature in sun and shade, and wind speed were obtained
from an environmental monitoring station. Based on these data, the temperature and
humidity index (THI) was calculated according to Thom (1959).

The data obtained from the sample collection were analyzed using the SAS v 9.4
software (SAS Institute, Cary, North Carolina). Logistic regression (PROC LOGISTIC) and
path analysis (PROC CALIS) were used to evaluate the relationships among the variables.
Path analysis is a statistical analysis used to evaluate the effects of a group of variables
acting on a specific outcome through multiple pathways. Thus, we analyzed the effects
of the samples collected on each other, as well as the effect of the environment on
physiological parameters. For the logistic regression analysis, THI and respiratory rate
and rectal temperature values were used to analyze the response of animals according
to environmental conditions. The animals were separated into two groups for
comparison purposes. Thus, we have the group of wooled animals and the group of hair
animals.

This study was approved by Ethics Committee for Animal Experimentation,

Universidade Federal do Rio Grande do Sul, Protocol Number 22773.

Results

17



Before performing the statistical path analyses, a hypothetical scheme was
drawn to illustrate how the variables would influence each other. The arrows represent
the relationships between the variables, where the base indicates the variable that
influences the one at the end of the arrow. The first variable chosen was THI, since it is
the variable used to represent the environmental conditions to which the animals were
exposed, and it would be responsible for initiating the physiological responses in the
animals. Then, according to the hypothesized scheme, we would have the increase of
the animals' body temperature, such as eye temperature, nasal temperature, and
axillary temperature, and also increased respiratory rate and heart rate. Physiological
parameters such as respiration and heartbeat would initiate a response to this increased
body temperature. Probably the values of red blood cells and lymphocytes would
change due to this adaptation attempt. Finally, rectal temperature would be the last

animal response to thermal discomfort (Figure 1).

T Eye Temperature \

T Nose Temperature

* Neck Temperature

T Axilar Temperature

v

Rectal Temperature I Respiration Rate

T Heart Rate

Blood Parameters

Fig. 1 Diagram to illustrate the influence of variables on each other for constructing the

path analysis.
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After the above diagram was assembled, the path analysis was performed in the

SAS software. The results obtained are shown in the table below (Table 1).

Table 1. Path analysis of morphological and physiological parameters with significant

result.
STANDARD
FROM T ESTIMATE <0.
(o) S ERROR P<0.05

RR 0.27995 0.14572 *
THI NET 0.38426 0.13477 *
AXT 0.34433 0.13937 *
HEM 0.53578 0.21838 *

EYT
HGB 0.44039 0.21918 *
HEM 0.50896 0.19552 *

AXT
HGB 0.41328 0.19666 *
LYMPH 0.15889 0.01430 *
BDYL HGB 1,8992 0.62709 *
HEM 1,3357 0.54900 *

BCKL
HGB 1,9615 0.54365 *
WH HGB 0.47137 0.18159 *
- HEM 0.36405 0.09004 *
HGB 0.24249 0.09901 *
HL HEM 0.38378 0.08955 *
HGB 0.41909 0.09406 *
HN HEM -0.39806 0.07782 *
HGB -0.28115 0.08869 *
LYMPH HEM 0.77636 0.14850 *
HGB 0.75400 0.08869 *
HR 0.61725 0.25997 *

HEM
RR 0.39309 0.07271 *
HR 0.83392 0.36269 *

HGB
RR 0.25611 0.07486 *
BCKL HR -163.712 0.42945 *
BDYL HR -205.801 0.48440 *
CC HR -0.72985 0.19841 *
BCKL RT 0.45131 0.21815 *
HN RT 0.39704 0.15809 *
NOT RT 0.59412 0.19679 *
AXT RT 0.40032 0.18422 *
EYT RT 0.53588 0.21860 *
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HBG RT 0.50702 0.21722 *
LYMPH RT 0.47215 0.15273 *

*=Significant; THI=Temperature and Humidity Index; RR= Respiration Rate; NET= Neck Temperature;
AXT= Axillary Temperature; EYT= Eye Temperature; BCKL= Back Length; BDYL= Body Length; WH=
Withers Height; HT= Hair Thickness; HN= Hair Number; HL= Hair Length; LYMPH= Lymphocytes;
HEM= Red Blood Cells; HGB= Hemoglobin; CC= Chest Circumference; HR= Heart Rate; NOT= Nose
Temperature; RT= Rectal Temperature.

According to the results of path analysis, THI had a positive influence on
respiratory rate (RR), and neck and axillary temperatures (NET and AXT respectively).
However, it did not show significant results with heart rate (HR) and rectal temperature
(RT).

Analyzing whether there is a correlation between animal temperatures and
blood count there were some significant results. Eye temperature (EYT) and axillary
temperature (AXT) were shown to correlate positively with red blood cell (HEM) and
hemoglobin (HGB). AXT also had a positive correlation with lymphocytes (LYMPH). In
addition, body measurements were also positively related; BDYL, BCKL and WH were
positively related to HGB, and BCKL was also positively related to HEM. Hair length, hair
thickness and hair number, (HL, HT and HN) also correlated with HEM and HGB values.
Animal size showed no correlation with LYMPH, but this was shown to be positively
correlated with HEM and HGB.

Path analysis showed that red blood cells and hemoglobin (HEM and HGB) have
positive correlation with HR and RR. Similarly, some body measurements such as BCKL,
BDYL and CC showed the same result. However, hair characteristics did not show a
significant result.

When analyzing the correlation between the variables and the rectal
temperature (RT), we observed that several of them showed a positive correlation. The
temperature and humidity index did not show significant correlation with RT, but the
nose, eye and axilla temperatures showed significant results. Back length and the hair
number also correlated positively with RT. The red blood cells and the lymphocytes also
showed a positive correlation with rectal temperature.

Logistic regression analysis was used in this study to compare the behavior of

different breeds against THI. We used the RR and RT values to visualize how these
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physiological parameters help the animal's response when exposed to challenging
environmental conditions. The animals were separated into two groups (wool and hair)
for comparison of the graphs.

The RR logistic regression analysis shows how the animals' respiration changes
according to increasing THI values. Among the animals with wool, the Suffolk breed had
RR changes before the others. Fifty percent of the Suffolk (SUFF) animals already had
their respiratory rate altered when the THI was around 75. The Hampshire Down (HD)
animals did not have altered RR even with THI above 80 (Figure 2A). Analyzing the group
of hair animals, animals of the Dorper breed (DR) were the first to show alterations in
RR, where at a THI of approximately 60, 50% of the animals of this breed already showed
an altered respiratory rhythm. On the other hand, the Morada Nova (MN) breed was
the last to show alterations in RR, since half of these animals showed changes when the

THI was close to 80 (Figure 2B).
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Fig 2. Probabilities of response outside normal conditions of breeds in relation to Respiratory Rate
(RR) according to THI in wooled (A) and hair (B) breeds

Logistic regression analysis of RT shows how rectal temperature changes with
increasing THI. Among the animals with wool, those of the Bergamasca breed had RT
changes before the others. With THI at approximately 60, 50% of the Bergamasca
animals had altered RT. The Texel x Corriedale (TXCO) animals had no alteration in RT
even with THI above 80 (Figure 3A). From the group of animals with hair, Poll Dorset x
Dorper (PDDR) animals were the first to show alteration in RT, where at a THI of
approximately 75, 50% of animals of this breed already showed alteration in rectal
temperature. On the other hand, the Morada Nova (MN) breed was the last to show
alteration in RT, since half of these animals showed alteration when the THI exceeded

90 (Figure 3B).
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Fig 3. Probabilities of response outside normal conditions of breeds in relation to Rectal
Temperature (RT) according to THI in wooled (A) and hair (B) breeds.

Discussion

The Temperature and Humidity Index (THI) is one of the simplest methods used
to estimate animal responses to climate, combining ambient temperature and relative
humidity (Lewis Baida et al., 2021). This index is widely used as an indicator of animal
stress caused by climatic conditions (Finocchiaro et al., 2005).

According to path analysis, THI was shown to have a positive correlation with
respiratory rate (RR). This shows us that as THI values increase, RR also increases. For
van Wettere et al. (2021), when exposed to high ambient temperatures, sheep activate
compensatory mechanisms that help the body adapt to extreme environmental
conditions, including increased respiratory rate. Heart rate (HR) and rectal temperature
(RT) were also tested to see if they correlated with THI, but neither showed significant
results. This result corroborates McManus et al. (2020), who stated that RR is one of the
most sensitive physiological variables and also Macias-Cruz et al. (2016), who stated that
compensatory variations in RR happen before variations in other variables, such as rectal
temperature and heart rate. Neck and axillary temperatures (NET and AXT) showed
positive correlation with THI. Mammals have four mechanisms of thermoregulation:
conduction, radiation, convection, and evaporation. When the ambient temperature
approaches the animal's body temperature, evaporation becomes the main heat loss
process and occurs through transpiration (Collier et al., 2019). Thus, as THI increases,
the body surface temperature, represented in this study by NET to AXT, also increases.
This increase in body temperature may be a response to increased blood flow and the
redistribution of blood to sites closer to the body surface in an attempt to decrease
internal temperature.

Through path analysis we realize that there is possibly a cascading effect
between an increase in environmental temperature, leading to an increase in body
temperature, and then an increase in the number of red blood cells and hemoglobin.

Axillary temperature (AXT) showed positive correlation with HEM, HGB, and LYMPH and
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was previously shown to be related to THI. Eye temperature (EYT) also correlated
positively with HEM and HGB. According to Delfino et al. (2012) and Abdelnour et al.
(2019), variations in the number of red blood cells can be an indication of thermal stress,
and are perceived through changes in the number of red blood cells, leukocytes and
hemoglobin, because it promotes a change in the constituents of the blood and
biological pathways. Dukes and Reece (2017) explain that the increase in red blood cells
is related to the animal's heat stress, because stress causes the release of
catecholamines, which lead to an increase in blood pressure and contraction of the
spleen, causing greater mobilization of red blood cells and releasing them into the
bloodstream.

Animal size has also been shown to correlate with blood parameters. The results
show that HEM and HGB are positively related to BCKL, BDYL and WH. This indicates that
larger animals had more blood constituents. According to Pacifici et al. (2017), smaller
animals are more adapted to warm climates and to Seixas et al. (2017), smaller animals
are more thermotolerant. This information corroborates our result, which shows that
larger animals are more likely to enter heat stress earlier and thus present an imbalance
in red cell production. Hair types also correlate with HEM and HGB according to the
analysis. In this study, HL and HT showed positive correlation with blood values and HN
showed negative correlation. This indicates that the longer and thicker the hair, the
higher the HEM and HGB values. However, the more numerous the hair, the lower the
HEM and HGB values. According to Silva (2000), long and thick hair transfers more heat
to the body than shorter hair, and this has negative effects on the blood parameters. On
the other hand, according to McManus et al. (2011), the quantity of hair facilitates the
control of the animal's temperature, because the more hair, the more sweat glands the
animal has, which facilitates adaptation to hot weather.

There is a positive correlation between LYMPH and HEM and HGB. The increase
in body temperature promotes an increase in the production of lymphocytes, as we can
see in the positive correlation between AXT and LYMPH explained above. And this
increase in LYMPH values generates an increase in HEM and HGB. When the animal is
going through stressful moments, there is an increase in the production of lymphocytes

and red blood cells because of the stimulation of the nervous system (Vieira et al., 2022).
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Therefore, there is a greater consumption of oxygen and the body needs to release more
red blood cells into the blood to increase tissue oxygenation (Correa et al., 2012).

The path analysis to verify if there is a correlation between blood parameters
and HR and RR was positive. This shows us that possibly an increase in HEM and HGB
production triggered by one or more factors already discussed above produces a
response in respiratory and cardiac frequency. One explanation for this result could be
the increased blood flow generated by the increased HEM and HGB. Thus, the heart and
lungs must increase their rate of functioning. Davies and Maconochie (2009) explain that
as the body temperature rises, blood is redirected to the surface of the skin to facilitate
cooling. This is followed by vasodilation and consequently hypovolemia and increased
metabolic rate due to pyrexia, thus requiring an increase in HR and RR. Body
measurements such as BCKL, BDYL, and CC showed correlation with HR and RR. The
larger the animal, the lower the HR values, indicating a negative correlation between
these variables. For Berihulay et al. (2019), larger animals have slower metabolism,
which would explain the result of the path analysis. Cardoso et al. (2015) and Vieira et
al. (2022) found similar results in studies conducted with large ruminants, in which the
larger the chest measurements and body length, the lower were the values of HR and
RR.

Path analysis between several variables and rectal temperature showed positive
correlations between them. The size of the animal and the amount of hair showed
significant results. Body temperatures, such as NOT, AXT and EYT showed the same
results. Finally, HGB and LYMPH also showed positive correlation with RT. The positive
relationship between BCKL and RT can be explained by the tendency of larger animals
to be thermally stressed for longer periods of time, because they have greater difficulty
in dissipating heat due to their slower metabolism (Berihulay et al., 2019). Verzuh et al.
(2023) explain that large-bodied endothermic animals have thicker skin layers and lower
surface area to volume ratios than smaller animals, which limits their ability to dissipate
heat. Consequently, as temperatures rise, thermoregulation costs are higher for larger
species. The body temperatures being correlated with RT indicates that all methods are
able to indicate the body temperature variation of the animals. This result may suggest

that the preliminary scheme was correct in indicating that RT varies after the other
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physiological variables, because AXT and NET are already shown to correlate with THI
and RT is not. That is, variations in AXT and NET can be perceived before RT. Seixas et al.
(2017) observed that there is a positive correlation between thermographic
temperatures and RT, which may be an indication that IRT is a viable technique to be
applied to assess animal thermal comfort. Also, according to these authors, AXT was the
one that best correlated with RT. Blood parameters such as HGB and LYMPH have a
positive correlation with RT. An increase in these values indicates that the animal is
undergoing some kind of stress and, in this case, accompanied by an increase in RT,
indicates heat stress.

Cutaneous blood flow in animals increases in response to heat stress, carrying
heat from the body core to the periphery and increasing heat loss through sensible heat
loss (Choshniak et al.,, 1982). However, as the ambient temperature increases, this
sensible heat exchange is less and less due to the negative temperature difference
between the environment and the body surface, and therefore latent heat loss becomes
primary in the thermoregulation of animals. As internal heatin animal increases, several
physiological systems are affected in an attempt to reduce heat production and increase
heat loss. Elevated core temperature is characteristic of heat stress and is commonly
measured with a rectal thermometer (Dahl et al., 2020). This whole process shows us
that the rectal temperature 'is a response that occurs after the imbalance of other
variables.

Logistic regression analysis was used to analyze the effects of THI on RR and RT.
THI has been widely applied in moderate to warm conditions, as it considers air
temperature and relative humidity (G. LeRoy Hahn et al., 2013). The animals were
divided into two groups for comparison purposes between those with wool and those
without (with hair). Analyzing first RR, in the group of animals with wool, we have those
animals of the Suffolk breed showed alteration in respiration before the other breeds.
More than half of the Suffolk animals had altered RR when the THI was just above 70.
The Texel x Corriedale (TXCO) breed showed a curve more similar to SUFF, but even with
THI above 80, less than 50% of the animals had altered RR. The other breeds showed
very little change even with the increase in THI. Suffolk sheep originated in England and

arrived in Brazil in the mid-1930s to be raised for meat production. The Suffolk breed
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has a large developed body, a robust constitution and conformation that is typically used
for meat production (ABCOS, 2013; Embrapa, 2021). According to McManus et al.
(2014), the breed is raised mainly in Parana (a state located in southern Brazil), where
the average THI is 74. This adaptation to places with THI values close to 74 may be an
explanation for SUFF having presented changes in RR when THI was slightly above 70 in
this study. The Corriedale breed is originally from New Zealand and arrived in Brazil in
the 1930s in the southern region of Brazil, but the first animals were imported from
Uruguay. About 15 years after the arrival of the first animals, Brazil began importing
these animals directly from New Zealand (Lemos, 2014) and today they are one of the
main breeds raised in southern Brazil. The Texel breed originated in Holland and arrived
in Brazil in the 1970s (EMBRAPA, 2021a). Crossing meat-producing breeds, such as Texel,
and dual-purpose breeds, such as Corriedale, are alternatives for increasing meat
production using well-established breeds (Rota et al., 2014).

Next, the RR analysis for hair breeds shows that the animals from the Dorper
breed (DR) were the first to present alterations in RR, and at a THI of approximately 60,
50% of the animals from this breed already presented alterations in respiratory rhythm.
The other breeds showed a very different behavior, because only when the THI was
above 70, they presented more than half of the animals with alterations in RR. The
Morada Nova (MN) breed was the last to present alterations in RR, because half of these
animals presented alterations when the THI was close to 80. The Dorper breed
originated in South Africa and was developed in the 1930s by crossing other breeds with
the aim of obtaining productive animals in more arid regions (EMBRAPA, 2021b).
According to McManus et al. (2014), this breed is predominantly found in the northeast
region of Brazil. It is a breed known for its high adaptability and robustness, although it
did not show good tolerance to heat with respect to respiration; however, when
analyzing RT, the Dorper breed showed good tolerance, as it only showed alterations in
the RT of more than half of the animals when the THI was close to 85. The Morada Nova
breed showed greater heat tolerance when analyzing RR. This breed is considered a
naturalized Brazilian breed and is raised mainly in the Northeast region of Brazil,
characterized by high temperatures (Alves et al., 2023). According to Paim et al. (2021),

in a study on the origin and population structure of sheep breeds, the Morada Nova
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breed could have ancestry in West Africa. These conditions help explain why this breed
showed less alteration in respiration and, consequently, greater tolerance to increased
THI.

Logistic regression analysis of RT according to THI showed that in the group of
animals with wool, the Bergamasca breed had a response of RT change before the other
breeds. With THI at approximately 60, 50% of the Bergamasca animals had altered RT.
TXCO animals did not show altered RT even with THI above 80. The Bergamasca breed
is originally from lItaly and was introduced in Brazil in the 1930's (De Miranda and
McManus, 2000), but due to its quick adaptation to the climatic conditions we have
today a breed considered naturalized Brazilian (Brazilian Bergamasca) and is mainly
raised in the Northeast region of Brazil. TXCO animals did not show alteration in RT,
although they were the second breed to show variation in RR. For this breed, the
alteration in respiration indicating heat stress occurs long before the rise in rectal
temperature. Observing the graphs of the animals with hair, we have that PDDR was the
first breed to present alteration in RT, in which at a THI of approximately 75, 50% of the
animals of this breed already presented alteration in rectal temperature. On the other
hand, the MN breed was the last to present alteration in RT, as half of these animals
only presented alteration in temperature when THI exceeded 90. According to the
Brazilian Association of Sheep Breeders (ARCO, n.d.), the Poll Dorset breed originated in
the southwest of England. Paim et al. (2019), in a study on crossbreeding, observed that
among the crossbreeds studied, Dorper X Poll Dorset had the thickest skin. This result
may be a characteristic that explains why PDDR presented alteration in RT before the
other breeds, because animals with thicker skin tend to have more difficulty in
dissipating heat when they are under heat stress. The MN breed again showed the last
response to increased THI. For both RR and RT, this breed showed good heat tolerance.
Analyzing RT we noticed that 50% of the animals showed an altered rectal temperature
response only with THI above 90. Ribeiro et al. (2008) also found similar results in a study
that aimed to determine the thermal comfort indices in sheep facilities and Morada

Nova was considered the breed best adapted to the experimental conditions.
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CAPITULO 6. CONSIDERACOES FINAIS

O presente trabalho buscou estudar a fisiologia dos animais de fazenda frente ao
estresse térmico utilizando ferramentas pouco comuns. Foi observado que por meio de
técnicas estatisticas, de andlise de dados e mapeamento bibliografico € possivel gerar
resultados confidveis. Esses resultados podem ser determinantes para pesquisadores e
agentes publicos em tomadas de decisdes futuras.

A andlise da caminhos mostra de maneira mais detalhada como ocorrem as
respostas fisiologicas de pequenos e grandes ruminantes quando submetidos a situagdes
de estresse. E possivel observar como os animais respondem a climas desafiadores e quais
caracteristicas morfologicas aceleram ou retardam esses mecanismos. A analise de
regressao logistica traz claramente os limites fisiologicos de cada raga, demonstrando a
importancia desse tipo de anélise em situacdes mais especificas.

A produgdo animal vem passando por novos desafios principalmente em virtude
das mudangas climaticas. E necesséario que sistemas de produgdo estejam em busca de
técnicas mais sustentdveis, que gerem menos impactos, usando mais tecnologias e
buscando a utilizagcdo de animais cada vez mais adaptados. O conhecimento acerca da
fisiologia do estresse térmico, bem como o comportamento dos animais frente a
condi¢des de calor pode ser uma ferramenta muito util nessa busca por uma produgao

mais adequada.
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