UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
FACULDADE DE AGRONOMIA
PROGRAMA DE POS-GRADUACAO EM ZOOTECNIA

Comportamento animal e atributos fisiol6gicos de vacas leiteiras
submetidas a ambientes com e sem sombreamento
durante a estacdo quente

ELISSA FORGIARINI VIZZOTTO
ZOOTECNISTA/UFSM

Dissertacdo apresentada como um dos requisitos a obtencéo do grau de
) Mestre em Zootecnia
Area de Concentracédo Nutricdo e Producao Animal

Porto Alegre (RS), Brasil
Marco, 2014



CIP - Catalogagdo na Publicagdo

Vizzotto, Elissa Forgiarini

Comportamento animal e atributos fisiplégicos de
vacas leiteira submetidas a ambientes com & sem
sombreamento durante a estagfo quente / Elissa
Forgiarini Vizzotto. -- 2014.

66 £.

Orientadora: Vivian Fischer.

Dissertacdo (Mestrado) =-- Universidade Federal do
Rio Grande do Sul, Faculdade de Agronomia, Programa
de Pos-Graduagdo em Zootecnia, Porto Alegre, BR-RS,
2“141‘

1. comportamento social. 2. calor. 3. bem estar
animal. 4. comportamento ingestive. I. Fischer,
Vivian , orient, II. Titulo.

Elaborada pelo Sistema de Geragio Automatica de Ficha Catalografica da UFRGS com os
dadoes fornecidos pelo{a) autor(a).




ELISSA FORGIARINI VIZZOTTO
Zootecnista

DISSERTAGAO

Submetida como parte dos requisitos

para obtengdo do Grau de
MESTRA EM ZOOTECNIA

Programa de P6s-Graduacdo em Zootecnia
Faculdade de Agronomia
Universidade Federal do Rio Grande do Sul

Porto Alegre (RS), Brasil

Aprovada em: 20.03.2014 Homologado em: }3.06.20k
Pela Banca Examinadora Por

/é;,by. f;5LA,V/

VIVIAN FISCHER
PPG Zootecnia/UFRGS
Orientadora

, 7

ALEXANDRE MOSSATE GABBI
UFRGS

I/ <
ULIO éTAV JARDIM BARCELLOS

Coordenador do Programa de
Pés-Graduagdo em Zootecnia

éﬂmﬁﬁhn.ﬁﬁbhvwv
CAROLINA BREMM
PPG Zootecnia/UFRGS

L&ﬁﬂf’ﬁ&& T
—ANDRE-THALER NETO PEDRO ALBERTO SELBACH

Diretor da Faculdade de Agronomia



AGRADECIMENTOS

Primeiramente agradeco a Deus, pela vida e a constante luz em
meus caminhos e pensamentos. Aos meus pais, Gilberto e Carmem, pelo
exemplo, ensinamentos e apoio em todos os momentos. Por me ensinarem
gue a educacédo, a honestidade e o respeito sdo elementos fundamentais na
vida. A eles a minha eterna gratiddo... A meu irmao Tobias, meu
agradecimento pela ajuda durante o mestrado, mesmo estando longe. A
orientadora, Prof. Dra. Vivian Fischer pelos ensinamentos e conselhos, nos
quais me ajudaram a evoluir durante o mestrado e ao Prof. Dr. André Thaler
Neto pela confianga em permitir realizar o experimento no Tambo experimental
da universidade do estado de Santa Catarina. Com certeza vocés fazem parte
deste trabalho.

Ao CNPq pela bolsa de estudo e aos professores do departamento
de zootecnia da UFRGS que enriqueceram meu conhecimento.

Aos meus amigos e colegas Marcelo Stumpf, Daise Werneck,
Alexandre Abreu e Fernando Schmidt “Gracias” pela amizade, ajuda, paciéncia
e troca de conhecimento. Aos integrantes do grupo de pesquisa em pecuaria
leiteira e comportamento animal, trabalhar em grupo exige paciéncia e
tolerancia. A participacdo fundamental dos estagiarios, alunos e pos
graduandos da UDESC, “gente muito boa de coragdo” em especial aos alunos
Guilherme Dazzi, Camila Martins e Fernando Schmidt meu muito obrigado pela
acolhida, pelos mates e conversas nos dias frios de Lages, vocés terao sempre
meu reconhecimento. A colega Daniele Pozzebom, obrigado pelos momentos
de angustias e aflicdo compartilhados, a palavra amiga e o carinho fazia
amenizar nossos problemas.

Aos homens e mulheres do campo apaixonados pela agropecuéria e
aos que agreditam que o setor primario seja um dos responsaveis pelo
desenvolvimento de nosso pais.

Finalmente, agradeco a todos que em algum momento cruzaram
meu caminho “e se fizeram” parte de minha histéria. O meu carinho a vocés.



RESUMO GERAL

'Comportamento animal e atributos fisiolégicos de vacas leiteiras submetidas a
ambientes com e sem sombreamento durante a estacédo quente

Autora: Elissa Forgiarini Vizzotto
Orientadora: Prof. Dra. Vivian Fischer

O ambiente fisico tem grande importancia na fisiologia do animal,
influenciando a reproducdo e producdo. Com as mudancas climaticas e o
melhoramento genético dos animais, com énfase no aumento da produtividade
por animal, os animais passaram a sofrer mais com as altas temperaturas,
alterando seu comportamento e seu bem estar. O objetivo deste trabalho foi
avaliar o comportamento social e ingestivo e atributos fisiol6gicos de vacas
leiteiras durante a estacdo quente, com ou sem acesso a sombra. O estudo foi
conduzido em Lages, SC, utilizando 14 vacas lactantes em pastejo, as quais
foram divididas em dois grupos, permanecendo um grupo somente no sol sem
acesso a sombra e o0 outro em ambiente com sombreamento. Foram
observados os comportamentos ingestivo e social dos animais das 07:30 (
GMT -2:00) as 23:00h (GMT-2:00), em intervalos de 10 minutos, totalizando
650min. As frequéncias respiratéria e cardiaca, temperatura corporal das vacas
e numero de movimentos ruminais foram avaliados diariamente. Os dados do
comportamento animal foram previamente padronizados e posteriormente,
submetidos a andlise multivariada, incluindo as analises de fatores principais
de agrupamento, avaliacdo das variaveis que determinaram os agrupamentos
por analise discriminante e candnica, utilizando o programa estatistico SAS 9.2.
Os grupos diferiram principalmente quanto ao numero de eventos de ingestao
de &agua, competicdo por sombra e numero de interacbes agressivas, aos
tempos despendidos em 6cio total, 6cio em pé, de permanéncia perto do
bebedouro, frequéncia respiratéria e cardiaca, temperatura corporal, nUmero de
movimentos ruminais, escores de ofegacdo as 15 (GMT -2:00) e as 19 (GMT -
2:00) horas e tolerancia ao calor. No entanto os grupos de animais né&o
diferiram quanto aos tempos gastos caminhando de cabeca alta, caminhando
de cabeca baixa, em estacdo, nimero de eventos de competicdo por agua no
bebedor e os dados zootécnicos de dias em lactacdo, ordem de parto e
producdo de leiteira. O fornecimento de sombra na area de pastejo mesmo em
condicbes moderadas de estresse térmico alterou positivamente os atributos
fisiolégicos e comportamentais. A severidade do estresse, percebida pela
alteracdo dos atributos fisiologicos, alterou distintamente o comportamento
social e ingestivo.

Palavras chaves: calor, comportamento social, comportamento ingestivo,
conforto animal, frequéncia respiratoria, frequéncia cardiaca.

! Dissertacdo de Mestrado em Zootecnia — Producdo Animal, Faculdade de
Agronomia, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS,
Brasil. (66 p.) Marco, 2014.



ABSTRACT

“Animal behavior and physiological attributes of dairy cows subjected to
environments with and without shade during the warm season

Author: Elissa Forgiarini Vizzotto
Adviser: Prof. Dra. Vivian Fischer

The physical environment, has a great importance on animal
physiology affecting breeding and production. Due to climate change and
animal breeding, which enphasizes higher production per animal, animals might
get heat stressed from high temperatures, changing their behavior and their
welfare. This study was performed to assess the social and feeding behavior
and physiological attributes of dairy cows during the warm season with or
without access to shade. The study was conducted in Lages, SC, using 14
lactating cows at grazing. These animals were divided into two groups, one
group remained under the sunlight, without access to shade, while the other
group was kept in shade-provided environment. Ingestive and social behavior of
animals was observed from 7:30 (GMT -2:00) to 23:00 (GMT -2:00), registered
at 10-minutes interval totaling 650 minutes. Respiratory and heart rate, body
temperature and number of ruminal movements were assessed daily. The data
of animal behavior were standardized using the standard procedure and then
were subjected to multivariate analysis, including the analysis of key factors
(PROC FACTOR), cluster analysis (PROC FATSCLUSTER AND PROC
CLUSTER), evaluation of variables that determined groups by discriminant
analysis and canonical, using SAS 9.2 statistical software. The groups differed
mainly on the number of events of swallowing water, shade and competition for
number of aggressive interactions, the time spent in complete idleness, loitering
foot, staying near the water cooler, respiratory and heart rate, body
temperature, number of ruminal movements, panting scores at 15 (GMT-2:00)
and 9 (GMT-2:00) hours, heat tolerance. However animal groups did not differ
regarding time spent walking head high, walking head down, season, number of
events per water drinker and competition in the production data of days in milk,
parity order and production of milk. The provision of shade in the paddocks,
even under moderate heat stress, altered positively physiological and
behavioral attributes. The stress severity, noticed by the change of physiological
attributes, changed distinctly social and feeding behavior.

Key words: heat, social behavior, feeding behavior, animal comfort, respiratory
rate, heart rate.

2 Master of Science dissertation in Animal Science, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil. (66p.)
March, 2014.
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1. INTRODUCAO GERAL

O Brasil apresenta altas temperaturas do ar, em algumas regides
durante o ano inteiro e em outras somente no periodo de primavera e verao, as
quais causam o sofrimento dos animais pelo calor, principalmente nos bovinos
de leite de origem européia. Nacionalmente, cerca de 70% da producéao de leite
provém de vacas mesticas Holandés-Zebu com predominéncia da raca
Holandesa e existem poucas informacdes quanto a tolerancia genética ao
calor.

No sul do Brasil se concentra a maior predominancia de rebanhos
leiteiros da raca Holandesa, que evoluiram em regides de clima mais ameno, e
cujos mecanismos de dissipacéo de calor podem nao ser suficientes para estes
animais se adaptarem ao clima brasileiro. E nesta regio que se encontram as
maiores amplitudes térmicas, invernos frios e verbes quentes. As temperaturas
sao influenciadas pela topografia, sendo mais frescas na regido da serra.
Entretanto, mesmo nestas localidades, durante os meses de verdo (dezembro
a margo), os bovinos de leite tém sua producdo alterada devido a altas
temperaturas, superiores a 30°C, ultrapassando temperaturas de 21°C
considerada por muitos autores como a zona de conforto térmico. Um ambiente
€ considerado termicamente confortadvel quando o animal estd em equilibrio
térmico com 0 mesmo, ou seja, o calor produzido pelo metabolismo ruminal é
perdido para o meio, sem prejuizo apreciavel no seu rendimento. Quando esta
perda de calor para o meio ambiente é aguém do seu incremento, ocorre
estresse por calor.

O aumento das adversidades ambientais, sociais, patoldgicas e
nutricionais provoca uma resposta enddcrina classica de estresse, liberando
inicialmente adrenalina e noradrenalina e posteriormente glicocorticéides,
acarretando modificacdes fisioldgicas, bioquimicas e comportamentais nos
animais. Estas alteracdes fisiolégicas incluem alteragdo na temperatura
corporal, aumento da transpiracdo, da frequéncia respiratéria e
consequentemente provocando o aumento da ingestao de agua e écio.

Os padrbes de comportamento séo reflexos da tentativa do animal
de se libertar ou escapar de agentes ou estimulos estressantes. Essas reacdes
podem ser usadas para identificar e avaliar o estresse e por oposicdo, o bem-
estar. E através da alteracdo dos atributos fisiolégicos como a freqiiéncia
cardiaca, e do comportamento em geral, além da ocorréncia de
comportamentos anormais, que se pode observar a diminuicdo do bem estar.
Todavia independente da regido no Brasil, se observa pequena adocao de
praticas que minimizam a carga térmica dos animais, 0 que implica em
estresse leve a severo durante pelo menos 4 a 6 meses do ano. Na presente
dissertacéo, foram avaliados como 0s animais reagem ao estresse térmico com
OU sem acesso a sombra.
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2. Revisado Bibliografica

2.1 Fatores ambientais que influenciam o estresse térmico

O processo de criacdo de bovinos a pasto envolve uma série de
fatores abidticos e bidticos que influenciam o comportamento dos animais,
intervindo no seu desenvolvimento. Nesta relacdo: ambiente-animal, destacam-
se 0s componentes abioticos relacionados ao clima. Temperatura, umidade,
pluviometria e radiagéo solar sdo alguns dos fatores abi6ticos que influenciam
a zona do conforto animal e também a taxa de crescimento das pastagens.
Assim os estudos envolvendo aspectos climéticos sdo relevantes para a
producdo animal, especialmente em pastagem.

Segundo Hanh et al. (1999), West (2003) e Smith et al. (2013) o
estresse se caracteriza pela soma de mecanismos de defesa do organismo em
resposta a um estimulo provocado por um agente estressor externo e/ou
interno, para manter o equilibrio fisiolégico, ocasionando respostas
comportamentais, fisiologicas e imunologicas. Valores elevados de radiacéo
solar (direta e indireta), de temperatura e umidade ambiental sdo os mais
importantes fatores causadores de estresse para os animais criados a campo
(Silanikove et al., 2000).

O ambiente térmico, principalmente em condi¢cdes de campo, é
bastante complexo, limitando sensivelmente a determinacdo da
termorregulagéo, uma vez que a radiagdo, a velocidade do vento, a umidade e
a temperatura do ar modificam-se no tempo e no espaco. Essas variaveis
interagem entre si de modo que alteragcdo de uma Unica variavel ambiental
pode alterar consideravelmente todos os fatores envolvidos no equilibrio
térmico dos animais (Silva, 2000).

Segundo Goncalves et al. (2009), os bovinos, dependendo da raca e
do nivel de producgdo, possuem uma zona térmica considerada 6tima para seu
desempenho. Para as racas leiteiras, a zona de conforto representa uma
variagdo da temperatura ambiente de 10 a 20°C, na qual a temperatura do
corpo mantém-se constante, com o0 minimo de esforco do sistema
termorregulador. A amplitude maior da temperatura ambiente (5 a 25°C) é
conhecida como zona termoneutra, 0s animais mantém a homeotermia por
meio de trocas de calor com o ambiente, lancando mao de mecanismos
fisiol6gicos, comportamentais e metabdlicos.

Existem alguns mecanismos de troca de calor (animal — ambiente): a
conducéo, a conveccdao, a radiacao e a evaporacao. A conducdo é o processo
no qual o animal troca calor com o0 meio pelo contato direto. A convecgéo é um
processo de transporte de massa caracterizado pelo movimento de um fluido
devido a sua diferenca de densidade, especialmente por meio de calor, no
animal se d& através da saida do calor do corpo para o ar mais frio, este
processo € bastante influenciado pela velocidade do ar (ventos). A radiacéo é a
acdo direta dos raios solares sobre o animal, também se manifesta pela
reflexdo dos raios solares do solo e das instalacdes para o animal (Leme et al.,
2005). A evaporacado ocorre durante a respiracao e transpiragdo pela pele e é
bastante influenciada pela umidade do ar.

O resfriamento evaporativo € a principal forma de perda de calor
disponivel aos homeotérmicos quando a temperatura ambiente esta maior que
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a temperatura corporea, e € mais eficiente quando a umidade relativa do ar €
baixa (Robinson et al., 2004). Em ambiente de temperatura muito elevada,
tanto o excesso como a caréncia de umidade serao prejudiciais. Se 0 ambiente
€ quente e muito seco a evaporacdo € rapida, podendo causar irritagdo
cutdnea e desidratacdo geral; no caso do ambiente ser quente e
demasiadamente Umido, a evaporacao torna-se muito lenta ou nula, reduzindo
a termolise e aumentando a carga de calor do animal, principalmente porque,
em condi¢cBes de alta temperatura, a termolise por conveccdo € prejudicada
(Starling et al., 2002). Por outro lado, a umidade elevada prejudica a termélise,
aumentando o estresse pelo calor (Silva et al., 2000; Pereira ,2005). Embora a
temperatura do ar seja frequentemente considerada como uma variavel
climatica isolada de maior importancia sobre a producdo animal, seus efeitos
estdo intimamente ligados e dependentes do nivel de umidade atmosférica
(Silva et al., 2000).

As melhores condicGes de temperatura e umidade relativa para criar
animais, em termos gerais, estédo, respectivamente, em torno de 13 a 18°C e
60 a 70% de umidade relativa (Pires et al., 2004). Para gado de origem
européia, 0s mesmos autores citaram que as condicdes adequadas se
encontrariam em regides com uma média mensal de temperatura abaixo de
20°C associada a umidade relativa em torno de 50 a 80%.

Nos ultimos anos tem-se dado grande importancia a temperatura de
conforto das vacas lactantes, pelo fato que altas temperaturas, direta e
indiretamente afetam negativamente a ingestdo de alimentos, temperatura
corporal das vacas, eficiéncia alimentar, producdo de leite, eficiéncia
reprodutiva e aumentam a incidéncia de doencas (Tucker et al., 2007; Rhoads
et al., 2009, Wheelock et al., 2010). Os avancos obtidos na producdo animal
em areas como nutricdo e melhoramento genético resultaram em incremento
expressivo da producdo leiteira, o que resultou em maior taxa de calor
metabdlico e consequentemente aumentando a necessidade de dissipacao de
calor (Silanikove et al., 2000).

Com base em mudancas na producdo de leite, se tem utilizado
historicamente o indice de temperatura e umidade (ITU) de 72 como limiar
superior de conforto térmico para o gado leiteiro. O ITU tem sido utilizado para
descrever o conforto de animais, principalmente bovinos, desde que Johnson et
al. (1962) relataram reducdo da producdo de leite de vacas associada ao
aumento do valor desse indice. Esse tem sido aplicado extensivamente em
pesquisas no mundo todo, mesmo reconhecendo sua limitacdo, por nao
considerar os efeitos da velocidade do vento e radiacéo térmica. A temperatura
do ar e a umidade tém grande influéncia nas trocas térmicas em ambientes
guentes ou frios, e assim representam adequadamente o impacto nos animais
(Hahn et al., 1997). Recentemente, um indice de carga de calor (HLI), que
incorpora a radiacdo solar e velocidade edlica, tem sido usado como uma
alternativa para o ITU (Gaughan et al., 2004).

A temperatura critica superior para vacas lactantes da raca
holandesa é 23°C e para o consumo de alimento a temperatura € entre 24 a
27°C. Campos et al. (2002) propuseram um valor maximo de 75 para ITU,
visando ao conforto térmico do rebanho leiteiro da raca holandesa. Esses
autores observaram que valores iguais ou inferiores a 70 ndo causaram
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nenhum desconforto térmico para vacas leiteiras. Entretanto, para valores
iguais ou superiores a 75, a producao de leite e ingestdo de alimentos foram
seriamente prejudicadas. Em recente revisao, foi sugerido que o valor minimo
de ITU para considerar a ocorréncia do estresse térmico deve ser reduzido
para 68 (Zimbelman et al., 2009).

2.2. Comportamento ingestivo de bovinos de leite em estresse
térmico

De acordo com Baccari Junior et al. (1998), devem-se considerar as
seguintes implicacdes relacionadas a reducdo do consumo de alimento em
animais sob estresse térmico: o hipotalamo controla diretamente a ingestdo de
alimentos e agua; mudancas comportamentais, como procurar sombra,
concorrem com a ingestao; maior ingestdo de agua inibe o apetite; a ofegacédo
prejudica a ingestao; a reducdo da ingestdo de alimentos estid associada ao
menor incremento calorico.

Segundo a terceira teoria do consumo voluntario “teoria
termostatica” (Curtis, 1983) com aumento da temperatura ambiental efetiva, o
animal consome menos do que necessita para a sua producado, provavelmente
devido a diminuicdo da atividade da tire6ide, na tentativa de diminuir a
produgéo de calor metabdlico. A medida que a temperatura ambiente aumenta,
ocorre a ativacdo do centro termorregulador sediado no hipotalamo, e este ira
dar inicio a termdlise, que vai fazer a evaporacao respiratéria aumentar através
da ofegacdo. Se essa temperatura mantiver-se alta o animal ird diminuir o
consumo de alimento, apresentard alteracdes comportamentais e com reflexos
negativos sobre aspectos produtivos e reprodutivos (Baccari Junior et al.,1997).

Os reflexos negativos do estresse térmico se manifestam pela
reducdo da producdo leiteira (Paes Leme et al., 2005), alteracdo na producao
dos componentes lacteos, como reducdo dos teores de proteina, gordura
(Hammami et al., 2013), aumento dos teores de nitrogénio uréico, reducédo da
estabilidade do leite (Abreu et al., 2011), contagem de células somaéticas,
reducdo do nimero de leucdcitos e depressao do sistema imune (Fuquay et al.,
2011).

Por outro lado, os efeitos negativos sobre a eficiéncia reprodutiva
também ocorrem (Tao et al.,, 2013), estudos iniciais de Selye et al. (1936)
mostraram que o estresse é acompanhado por um acréscimo na atividade do
eixo hipotalamico-hipofisario-adrenal e por um decréscimo na funcéo
reprodutiva, mostrando haver uma possivel relacdo com os horménios do eixo
hipotalamico-hipofisario-gonadal (HHG). Assim estes hormoénios relacionados
ao estresse podem influenciar a funcdo sexual do eixo HHG: no hipotalamo,
por meio do hormdnio liberador de corticotrofina, onde este inibe a secrecéo de
horménio liberador de gonadotrofinas e, consequentemente, na hipdfise
anterior, diminui a liberagdo de hormoénio luteinizante e de FSH horménio
foliculo estimulante, alterando nas gbnadas o efeito estimulatério das
gonadotrofinas e, assim, prejudicando a reproducéo animal.

West et al, (2003) relataram que o impacto negativo das variaveis
climaticas sobre a producdo é defasada cerca de dois dias, possivelmente
relacionada com alteragdo entre a ingestdo e utilizagdo de nutrientes
consumidos, ou alteracbes no estado endocrino da vaca. As variaveis
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ambientais estudadas durante o clima quente e a média do ITU, repercutiram
nos resultados dois dias apés realizado o registro. A producdo de leite para
vacas da raca Holandes declinou 0,88 kg por unidade de aumento no ITU, e
para a média do ITU 72 ( durante 2 dias consecutivos) o consumo de matéria
seca declinou 0,85 kg para cada grau (°C) de aumento da temperatura média
do ar a partir dos 24°C.

A severidade do estresse térmico parece ser dependente das
flutuacdes diurnas e noturnas do ambiente. Se a temperatura ambiente assume
valores abaixo de 21°C durante a noite por 3-6 horas, o animal tem
oportunidade de dissipar o calor ganho durante o dia (Ilgono et al., 1992; Muller
et al., 1994; West et al., 2003; Silanikove et al., 2009).

O estresse enfrentado pelos animais provoca alteracdes
comportamentais, que envolvem mudancas posturais, tempo alocado as
atividades, distribuicdo circadiana das atividades, consumo da dieta e de agua,
procura de sombra e atividades sociais. Os ruminantes sdo mais diurnos em
seus habitos ingestivos, sendo ativos durante o dia e repousando durante a
noite. Entretanto, durante o clima quente em regides tropical e subtropical, os
animais ruminam e pastejam durante a noite, reduzem sua locomogéo durante
o dia e procuram sombra durante os dias quentes, isto é a consequéncia do
comportamento de adaptacédo a estas areas (Silanikove et al., 1987).

A reducédo do tempo de pastejo, especialmente diurno, é descrita por
varios autores, como Kadzere et al.(2002); West, (2003); Silanikove et al.
(2009). A reducédo no consumo também foi descrita por Silanikove et al. (2009),
mas sua magnitude parece ser dependente de fatores como o teor de fibra das
dietas, em funcéo de sua acéo sobre o incremento calérico (West et al., 1999);
do nivel de produtividade dos animais, resultando em um decréscimo de 17%
na producao de leite de vacas de 15 kg de leite/dia e de 22% em vacas de 40
kg/dia (Porcionatto et al., 2009). Silanikove et al., (2009) relataram que
temperaturas elevadas reduzem a frequéncia de alimentacdo nas horas mais
quentes do dia, retardam o inicio do pico de pastejo a tarde e aumentam a
frequéncia nas primeiras horas da manha. O tempo de pastejo € normalmente
de 8 horas durante o dia, isso ocorre porque a cada dia o animal distribui seu
tempo entre as atividade de pastejo, ruminacdo e 6cio, sendo que o pico de
pastejo ocorre no inicio da manha e no final da tarde quando a temperatura
ambiente € menor (Janusckiewicz et al., 2011).

A ruminacdo é uma atividade comandada pelo sistema nervoso
central e depende da quantidade de alimento presente no riumen. Porém, &
uma atividade que envolve grande producdo de calor, e nas horas mais
guentes do dia, os animais tendem a reduzi-la para, com isso, diminuir a
producao de calor metabdlico (Conceicao, 2008).

Outro comportamento alterado é o de procura e ingestdo de agua.
Segundo Peenington e Van Devender (2004), quando o ITU ultrapassa o valor
de 80, o consumo de 4gua aumenta em 50%, em parte para compensar as
maiores perdas pela pele e respiracdo. A ingestdo de agua aumentou 1,2 kg
para cada grau °C de aumento na temperatura ambiente minima em estudo
com 16 vacas multiparas holandesas observadas durante 5 meses com quatro
diferentes dietas, pelo uso da regressao multipla foi removida as diferencas
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encontradas no consumo de alimento, para cada kg de leite produzido foi
consumido 0,90 kg de 4gua (Murphy et al.,1983).

2.3 Comportamento social e modificacbes posturais de bovinos de
leite em estresse térmico

Entre as mudancas posturais associadas ao estresse térmico, se
destacam o aumento do tempo em estacdo, o afastamento dos membros, o
tempo em contato com superficies mais frias (tempo deitado em superficies
frias e/ou molhadas). Essas modificacfes posturais foram associadas com o
aumento de perdas de calor por convecc¢ao e por conducdo (Smith et al., 2012).
No entanto, o aumento do tempo em estacdo (em pé) para 45% do dia pode
aumentar diretamente a incidéncia traumas nos membros e provocar o0
surgimento de novos casos de claudicacdo (Galindo & Broom, 2000; Privolo &
Riva, 2009). Todavia o tempo deitado foi positivamente relacionado a producao
de leite (Bach et al., 2008, Grant, 2007), estimando-se que, para cada hora de
aumento do tempo deitado a producéo de leite aumentou em 1,7 kg.

Dentre os padres fixos de comportamento, o de deitar é
considerado altamente prioritario para as vacas leiteiras que passam em
média, entre 9 al5 horas das 24 horas deitadas no free stall, mas isso depende
do tipo de estabulo e do substrato da cama e do piso (Tucker et al., 2004).

Alen et al. (2013) combinaram trés conjuntos de dados relativos a
diferentes ensaios de estresse térmico realizados no Arizona (Anderson et al.,
2012), Califérnia (S. Rungruang, inédito) e Minnesota (Smith et al., 2012). Em
cada ensaio as vacas lactantes foram equipadas com dois registradores de
dados: temperatura interna intra-vaginal e angulo de perna para determinar o
status deitado. No experimento de Minnesota, as temperaturas amenas
resultaram em maior tempo deitado, enquanto nos dois outros experimentos,
as condicdes meteoroldgicas vigentes mais severas foram relacionadas com
maior tempo em estacao. As vacas com temperatura corporal superior a 38,9°C
permaneceram mais tempo em estacao.

A disponibilidade de sombra pode modificar o comportamento dos
animais e minimizar o efeito do estresse, pela reducdo da radiacdo direta e
reducdo da temperatura ambiente (Baéta & Souza 1997; Conceicdo et al.,
2008; Tucker et al., 2008). No entanto, fatores como o tipo de sombra, a area
sombreada por animal, grau de interceptacdo da radiacao solar influenciam a
sua eficiéncia em minimizar o estresse caldrico. O tempo de permanéncia na
sombra aumentou com a capacidade de interceptacdo da radiacdo solar e a
incidéncia ambiental de radiacdo solar. A capacidade de interceptacdo da
radiacdo solar foi positivamente associada ao tempo em estagcdo, mas nao
alterou o tempo deitado (Tuker et al., 2008).

A competicdo por recursos (alimento, agua e areas de sombra e
repouso) pode ser agravada entre as vacas em pastejo com estresse térmico,
tornando-se um importante fator de perturbacdo, gerando comportamentos
agressivos e instabilidade social. Schutz et al. (2010) encontraram maior
incidéncia (70%) de interacbes agressivas na menor area de sombra por vaca
(2,4 m?/vaca) em comparacdo com a area de sombra mais abundante (9,6
m?/vaca). Hotzel et al. (2000), observando as intera¢cdes comportamentais entre
animais com reducao na quantidade de agua oferecida, identificou que vacas
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dominantes passavam mais tempo perto do bebedouro apdés beberem agua,
aparentemente impedindo o acesso das vacas subordinadas ao recurso.

Segundo Phillips et al. (2002), a manutencdo do espaco individual é
um dos principais simbolos de status para os bovinos. O padrao de relacbes
individuais observaveis numa populacdo em uma determinada época pode ser
definido como organizacéo social. Essa ndo é uma caracteristica fixa, tipica da
espécie, mas sim um padrao flexivel de relacGes individuais que resulta da
interacdo entre comportamento social, o0 ambiente e a historia da espécie
(Deag, 1981).

2.4 Respostas fisiolégicas do estresse térmico: frequéncia
respiratéria e temperatura corporal

Existem diversos indicativos para caracterizacdo do conforto e do
bem-estar animal. Entre eles, estd a observacdo criteriosa das respostas
fisiologicas. West, (2003) cita que apesar do ITU ser uma ferramenta muito (til
para medir a resposta da vaca ao estresse térmico, respostas individuais dos
animais ao calor ndo devem ser desconsideradas. O primeiro sinal de estresse
térmico evidenciado é o aumento na freqiéncia respiratoria (FR) e na
eliminacao de suor. O aumento na temperatura corporal (TC) é o resultado da
falha na regulagdo da temperatura. Uma vaca leiteira em condigdes ideais de
ITU apresenta TC entre 38 e 39,1°C e FR entre 15 e 35 movimentos por
minuto. Uma TC > 39,2°C e FR > 60 movimentos por minuto € indicativo claro
de estresse térmico (West, 2003).

O primeiro mecanismo acionado para perda de calor é a
vasodilatacdo, o segundo € a sudorese e 0 terceiro € a respiracdo, sendo o
aumento na FR o primeiro sinal visivel. O aumento ou a diminuicdo da FR
depende da intensidade e duracdo do estresse a que 0S animais estédo
submetidos (Martello, 2006). No entanto, este mecanismo de calor demanda
energia, resultando no aumento de mantenca diaria de bovinos de leite de 7
para 25%, o que também resultard em producdo de calor (Columbiano et al.,
2007).

Quando os mecanismos de termdlise dos animais homeotérmicos
ndo sao eficientes, o calor metabdlico somado com o calor recebido do
ambiente torna-se maior que a quantidade de calor dissipada para o ambiente.
Em consequéncia a isso, pode ser notado nesses animais um aumento da
temperatura corporal. Com a temperatura corpérea elevada, o organismo reage
aumentando a sudorese e a frequéncia respiratoria para eliminar o excesso de
calor (Morais et al., 2008).

O aumento da frequéncia respiratoria por periodos longos, segundo
Matarazzo et al. (2003), causa prejuizos ao organismo animal, tais como:
redugcdo no consumo de forragens, producdo de calor enddgeno adicional
devido ao exercicio da ofegacdo, desvio de energia para outros processos
metabdlicos e reducdo de CO2 (acarretando em alcalose respiratoria pelos
baixos niveis de acido carbonico no sangue). Com o objetivo de compensar a
alcalose respiratéria, 0 organismo aumenta a excre¢do de bicarbonato, pois 0s
rins, na tentativa de controlar o equilibrio acido-base do sangue, aumentam a
reabsor¢cdo de H+, HCOS- e cétions, primariamente o sodio (Na+), para serem
excretados na urina ocasionando uma acidose metabdlica moderada. Kadzere
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et al. (2002) demonstram que para manter de forma efetiva o tamponamento
sanguineo, 0 corpo necessita manter uma relacdo de 20:1 de HCOS-
(Bicarbonato):CO2 (Diéxido de Carbono).

Em condi¢cbes normais de temperatura a vaca holandesa apresenta
frequéncia respiratdria em torno de 18 a 28 movimentos por minuto, a partir de
26°C de temperatura ambiente os movimentos comegam a aumentar. Em
temperatura de 31°C, vacas holandesas apresentam em meédia 68 movimentos
por minuto. Até 60 movimentos, os animais ndo apresentam ainda sinais de
estresse. Ultrapassando 28°C de temperatura ambiente e 120 movimentos, ja
refletem carga excessiva de calor e acima de 160 faz-se necessario adotar
medidas emergenciais (Hahn et al., citado por Baccari et al., 2001). Para
Silanikove et al. (2000), valores de FR de 40 a 60, 60 a 80 e 80 a 120 mov/min
caracterizam respectivamente um baixo, médio e alto estresse para
ruminantes, e acima de 200 mov/min o estresse é classificado como severo.

O limite de variacdo normal da temperatura retal (TR) de bovinos
adultos é de 38,0 a 39,3°C, segundo Dukes et al. (1996). Dikmen & Hansen
(2009) utilizaram dados ambientais e de TR oriundos de trés fazendas leiteiras
nos EUA (1.280 vacas em lactacdo), mantidas em free-stall climatizado
(ventilacdo e nebulizacdo). Os autores encontraram como valor critico superior
a temperatura de bulbo seco de 31,4 °C, associada com temperatura retal de
39,5 °C.

Wheeloch et al. (2010), estudando vacas em lactacdo em estresse
térmico, sob temperaturas de 29,4 a 38,9 °C, alimentadas ad libitum,
constataram que a temperatura retal e taxa de respiragdo, aumentaram durante
0 estresse térmico (38,6 - 40,4°C e 44-89 respiracfes / min, respectivamente).
Brown- Brandl et al., (2005) recomendam que estudos futuros incluam a taxa
de respiracdo como uma variavel dependente, pois é um indicador mais
sensivel do estresse térmico do que a temperatura do corpo.
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3. Hipdtese e Objetivo

Hipotese

- O comportamento animal e as respostas fisiolégicas séo alterados
favoravelmente pelo provimento de sombra, mesmo em condi¢cdes de clima
subtropical de altitude.

Objetivo geral

- Avaliar o comportamento social e ingestivo e variaveis fisioldgicas de vacas
em lactacdo durante a estagdo quente com ou sem acesso a sombra.

Objetivos especificos

- Avaliar atividades relacionadas ao comportamento social e ingestivo de
vacas em lactacdo durante a estacdo quente com e sem acesso a sombra,

- Avaliar a temperatura corporal e as frequéncias cardio-respiratdrias de vacas
em lactacao durante a estacao quente com e sem acesso a sombra;
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Abstract
The understanding of daily and seasonal climatic conditions, and the
physiological and behavioral responses, allows the adoption of adjustments that
promote great comfort to animals. This work aimed to evaluate the social and
ingestive behaviors, besides physiological attributes of dairy cows in subtropical
environment during the warm season with or without access to shade. The
study was leading in two environments: with shade and without shade, for five
days, using 14 lactating grazing cows, 10 Holstein and four crossbreds Holstein
and Jersey. The collected data of animal behavior were standardized using
PROC STANDARD and then were subjected to multivariate analysis, including
the analysis of principal factors (PROC FACTOR), clustering (PROC CLUSTER
and PROC FATSCLUSTER) and evaluation of the more determinant variables
in the formation of clusters with discriminant and canonical analyzes, using
SAS (9.2) statistical program. The group with no access to shade was positively
associated with higher values of the measured scores panting at 15h (GMT -
02:00) and at 19h (GMT -02:00), Benezra’s Animal Comfort Index, respiratory
rate and aggressive interactions. Moreover, this group was negatively
associated to the times spent seeking for shade and in rumination. They also
presented moderate and negative correlation with milk production and the
number of ruminal movements. The observations were pooled into three
groups, and the most important variables in the classification of observations
into those groups were panting score of the 19:00 (GMT -2:00) hours, the time
spent grazing and water ingestion bouts. The groups differed mainly on the

number of events of water intgestion bouts, competition for shade, aggressive
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interactions, the time spent in complete rest, time spent in rest while standing,

time spent around water trough, respiratory and heart rate, body temperature,
number of ruminal movements, panting scores at 15 ( GMT -2:00 ) and 19
(GMT -2:00) hours and Benezra’s Animal Comfort Index. However clusters did
not differ regarding time spent walking with head high, walking with head down,
standing time, number of events of competition for water and for days in milk,
parity order and production of milk. The animals with access to shade had the
effects of heat stress minimized.

Key words: heat, social behavior, feeding behavior, animal comfort.

Introduction

The increase in the consumption of milk and the world’s concern
about animal welfare raise concerns of researchers and farmers on how to
improve milk production and minimize interference that may cause discomfort to
these animals (Lambertz et al., 2014).

Climate variables act directly on the animal, which seeks
constantly to adapt to environmental conditions in the pursuit of welfare. Cattle
in tropical and subtropical climates, especially those raised in pastures, are
exposed to the sun and other weather elements for several hours a day. The
intensification of livestock activity, reducing the space per animal and
modification of the environment, often hinders the search for animals to find
alternatives to adapt to these adverse conditions, making them more
susceptible to heat stress and result in physiological changes that compromise

productive performance (Deitenbach et al., 2008).
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Moreover, advances made in animal nutrition and breeding
increased expressively milk production per cow, which resulted in higher
metabolic heat production, and therefore increased the need for heat dissipation
(Silanikove et al., 2000; Baumgard et al., 2007).

In the subtropical area, places with high altitudes and humidity,
the wind speed contributes to the heat dissipation of animals by convective
processes, but it might be counteract by the high levels of humidity which
reduces the dissipation of body heat by evaporative means (Azevedo et al.,
2009). Evaporative cooling is the main way for heat loss when ambient
temperature is higher than the body temperature, and this process is most
efficient when the relative humidity is low (Robinson, 2004).

In the other side, provision of shade serves to mitigate the effect
of solar radiation, reducing body temperature (Mitlohner et al., 2001 Kendall et
al., 2006, Tucker et al., 2007), and thus can reduce the damage caused by high
relative humidity air and contribute to evaporative cooling.

The hypothesis of this study is that animal behavior and
physiological responses are altered favorably by providing shade even in the
subtropical climate of altitude. The objective of this study was to analyze animal
behavior and physiological attributes of lactating dairy cows with or without

access to shade during the hot season.

Material and Methods
This study was approved by the Ethics Committee on Animal Use

of Federal University of Rio Grande do Sul, project number 21901, within major
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project "Etiology, characterization, mechanisms of action of
nutritional and non-nutritional factors and prevention of milk unstable non-acidic
(LINA)."

The experiment was conducted on days 28 (pre trial), 29, 30, 31
January and 1st February 2013, the dairy Farm State University of Santa
Catarina (UDESC-CAV), located in the city of Lages - SC Brazil (latitude -27 °
48 '58", longitude 50 ° 19' 34" and altitude of 950 meters above sea level), with
a mean relative humidity of 79.3%, characterized by subtropical temperate
climate (Cfb).

Fourteen lactating cows were used at grazing, 10 Holstein and
four crossbred Holstein x Jersey. Cows were selected from the experimental
herd to constitute a similar group in relation to milk production, order of birth,
breed, lactation period and SCC. Later this group was split into two groups with
seven cows each, which were placed in two paddocks (A and B) with 0.8 ha
each, composed by Sudao grass (Sorghum sudanense L.) and Papua grass
(Brachiaria plantaginea). One group had access to shade, while the other group
did not.

Cows were milked twice daily at at 9:00 GMT-2: 00 and 20:00
GMT-2: 00 and supplementation was provided before the two milkings. This
supplement besides the pasture on offer provided the nutritional requirements
for 25 kg of milk yield (NRC, 2001) and was composed of 200 g/kg soybean
meal, 750 g/kg ground corn, 30g/kg mineral salt new bovigold of Tortuga and 20
g/kg sodium bicarbonate. The supplement contained 88% DM, 16.% CP, 8%

NDF and 75 % TDN/kg (DM basis).
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At the beginning of the trial, the animals showed 537.6 + 93.5 kg
of body weight, body condition score 2.8 + 0.3, 2.7 + 1.5 lactations, 20.6 + 6.5
kg milk/day and 149.3 £ 48.9 days in milk. During the adaptation phase and the
first experimental day, shade was available to all cows, and during the next four
days, shade was available just to one group of the cows.

Cows were observed for five days, from 07:30 (GMT-02:00) to
23:00 (GMT-02:00) from sunrise to sunset, totaling 960 minutes. The animals in
different treatments had visual and auditory contact with each other. The
volume of water consumed was measured daily in each paddock, with water
meters. The results of the water intake are presented descriptively. Behavior
was not recorded during periods of displacement of animals to and from the
milking parlor, during the milkings and during the supplement feeding totaling an
average of 350 minutes a day. Animals were visually observed by previously
trained people, and the following activities of feeding behavior repertoire were
recorded at 10-minute intervals: time spent ruminating, ruminating while lying,
ruminating while standing, resting (no jaw movements), resting while lying,
resting while standing, total standing time (standing ruminating or resting), total
lying time (lying resting or ruminating), walking head down, walking head high,
grazing.

The following activities were observed continuously: number of
water ingestion bouts, permanence around the water trough, seek for shade
(the animals moved to find shade or remained in the shadow made by another
cow), competition for shade (attempts to displace other animal from the shade),

competition for water trough (attempts to displace other animal from the trough)
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and aggressive interactions (actions of intimidation or confrontation with other
animals, with no competition for shade or water trough).

Data as days in milk, body weight, milk production and body
condition score were evaluated in the first and last day of the experimental
period. Cows were individually weighed before the morning milking. The body
condition score was assigned to animals (BCS: 1-5 scale; Edmonson et al.,
1989). Milk production was measured using milk meters on each milking during
the five days.

Pasture samples were hand plucked in five locations in the
paddocks before the beginning of the trial (Table IV). Pasture was cut within the
area of a square of 20 x 20 cm. The contents of dry matter, crude protein, crude
fiber, ether extract and ash were determined (AOAC, 2004). Pasture of paddock
with access to shade contained 170.5 g/kg DM of crude protein, 208.2 g/kg of
crude fiber and 691 g/kg of TDN while pasture of the paddock without shade
contained 155.7 g/kg DM of crude protein, 224.3 g/kg Mof crude fiber and 711.5
g/kg of TDN.

The measurement of air temperature and relative humidity was
performed by portable data logger model HT-500 weather station placed at 1,5
m above the ground and installed in the shaded area of paddock A and at the
sunny area of the paddock B.

The temperature and humidity index (THI) was used as an
indicator of thermal comfort and was calculated using the air temperature and
humidity measured at 11 (GMT-2: 00) and at 17 (GMT-2:00) for all experimental

days using the formula (Johnson et al, 1962):
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THI = (1,8X Tdb + 32)-[( 0.55-0.0055 x RH) X (1.8 X Tdb — 26.8)],
where Tdb = dry bulb temperature in ° C and RH = relative humidity,%.

The respiratory and heart rates, body temperature of cows and
number of ruminal movements were assessed daily before the animals were
milked in the afternoon.

Body temperature (RT) was measured using a clinical veterinary
thermometer inserted near the rectum of the animal wall at a depth of
approximately 5 cm. Heart rate (HR), expressed in number of beats per minute,
was measured using a stethoscope and stopwatch for 30 seconds and
multiplying the result by two to obtain this variable in minutes. The respiratory
rate (RR), expressed in number of breaths per minute, was measured using a
stethoscope and stopwatch upon auscultation of respiratory movements for 30
seconds and the value obtained multiplied by two to obtain this variable in
minutes.

The panting score (Mader et al, 2006) was assigned by an
observer in the field at 11 daily (GMT-2: 00) and 17 (GMT-2: 00) and ranked
zero = no panting to four = severe panting. The Benezra’s Animal Comfort

Index (HT) was calculated using the equation: HT = (TR / 38.33) + (FR / 23.00).

Statistical Analysis

Cows were considered experimental units and they were randomly
assigned to two treatments (area with access to shade and area without access
to shade). Data was previously standardized using PROC STANDARD (mean

zero and standard deviation = 1), and subsequently submitted to multivariate
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analysis, including the analysis of principal factors (PROC FACTOR), cluster
(PROC FASCLUS and PROC CLUSTER) and evaluation of the variables that
determined groups by discriminant and canonical analyzes (PROC STEPDISC)
(PROC CANDISC) using SAS (9.2) statistical program. Attribute’s values of the
clusters were subjected to multivariate analysis of variance with PROC GLM,
MANOVA option. Means were tested using Tukey test with a significance level

of 5%.

Results

There was great variation in temperature and relative humidity
between morning and afternoon and between areas with and without shade
(Table 1), which influenced the results of THI. In general, the values of
temperature and THI were lower at 11 h (GMT-2: 00) compared with the values
obtained at 17 h (GMT-2:00), and lower in shaded area than in the unshaded
one. Regarding the relative humidity, the lowest values generally occurred at 17
h (GMT-2:00) and in the paddocks without shade. The highest values of water
consumption occurred in the fisrt day for the group of cows without access to
shade, 72.9 | compared to the cows with access to shade, 58.6 I. In the others
days,

Seven principal factors had eigenvalues greater than one, and the
first two of them explained, respectively, 27.9% and 14.4% of the total variance.
In multivariate analysis, considerations can be performed by analyzing the
angle between the vectors of the main factors. Angles of 0 to 180° between the

variables of the plane between factors 1 and 2 indicate correlation, respectively,
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positive and negative, while angles of 90 ° between the variables indicate low or
no correlation between them (Smith et al. 2002). Furthermore, the distribution
of variables in the plane orthogonal to the right and left of the vertical axis and
above and below the horizontal axis indicate respectively positive and negative
associations between features.

The group of animals without access to shade was positively
associated with higher values of the scores panting measured at 15h (GMT -
02: 00 ) and at 19h (GMT - 02:00), Benezra's Animal Comfort Index, respiratory
frequency, body temperature, heart rate and number of agonistic interactions,
the events of water ingestion bouts, permanence around the water trough,
competition for shade and the total grazing time (Figure 1). This same group of
animals was negatively associated with the time of seeking for shade and the
time spent in rumination, milk production and the number of ruminal movements
(Figure 1).

Secondly, considering the distribution of the variables in the
orthogonal plane, above and below the horizontal axis, it was found that some
animals in the group without access to shade were positively related to the time
spent ruminating while standing, total standing and resting while standing, but
negatively associated with the total time spent lying, lying while ruminating and
lying while resting.

The discriminant analysis shows that 12 attributes were used to
distinguish the groups (P <0.10), whereas the score panting at 19:00 (GMT -

2:00), grazing time, water intake bouts, number of aggressive interactions,
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respiratory rate and time spent lying were the most significant variable (Table
).

The canonical analysis of variables shows that observations were
gathered in three groups: group one with 27 observations, group two with 34
observations and group three with nine observations (Figure 2). Both canonical
correlations were significant (P <0.0001). Group one was most closely
associated with times spent lying, grazing and seeking for shade and number of
ruminal movements. Group two was associated with rectal temperature, time
spent resting, resting while standing, number of competition for shade events,
water intake bouts. In the other hand group three was mostly related to times
spent standing, ruminating while standing and number of competition events
near the water trough (Figure 2).

Group one showed higher values for times spent lying, lying while
resting and seeking for shade, number of ruminal movements compared with
groups three and two. Group two presented higher values for the time spent
grazing. Group three showed higher values for times spent on resting, resting
while standing, number of competition events for shade and number of
competition events near the water trough, number of water intake bouts,
number of aggressive interactions, panting score at 15h ( GMT - 02 : 00 ) and
19h (GMT - 02: 00) and rectal temperature when compared with groups one
and two. Groups one and two had the highest averages for total time spent
ruminating and time spent ruminating while lying. In the other hand groups two

and three had the highest mean for heart rate, respiratory rate and HT. Groups
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did not differ regarding time spent walking head high, walking head down, days

in milk, parity order and production of milk (Table IlI).

Discussion

Overall, the observations were grouped into the three clusters by
physiological and adaptive postural changes to deal with heat stress and lack of
shade. The region of Lages, SC presents huge weather variations between
diurnal and nocturnal phases of the day (Antunes et al., 2004). Variations of
THI, air temperature and relative humidity values observed in this study support
this assertion (Table II).

One may expect potential and beneficial effects of natural cooling
during the nocturnal phase over behavioral and physiological attributes during
the diurnal phase. Indeed compensations over milk production have been
reported (Silanikove et al., 2009). However from the welfare perspective is not
clear whether cows may anticipate this relief during the night and change their
behavior.

Although cow’s behavior was not evaluated during the night and
the trial was very short to perceive changes in BCS and BW, we might infer by
the very similar milk yield (Table Ill) and composition (data not shown) that
cows compensate at least time spent grazing. However, despite this possible
compensation during night time, providing shade even in high altitude improves
daytime thermal comfort, decreasing both minimal and maximal THI values as
in the absence of shade, THI ranged from 75.5 to 79.6, whereas in shaded

environment THI ranged between 72.7 and 78.6.
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All cows were heat stressed if we consider that their physiological
attributes as their respiratory rate and body temperature were above values
reported to heat unstressed animals. But there were differences between
animals for behavior and physiological attributes which could not be entirely
related to the provision of shade, as observations were grouped in three groups
and the number of them related to more stressed animals overcame the number
of cows*days of animals deprived of shade.

Comparison between groups showed that, in group one (Table IlI)
heat stress may be considered as mild, since, although the average body
temperature was 39.6°C, respiratory rate was 57.33 and the panting score was
slightly greater than zero (Collier et al., 2012). In the other hand, in group two
heat stress may be considered as moderate while in group 3 heat stress might
be considered as severe, as both groups exhibited higher values for respiratory
rate, panting scores and rectal temperature, but in group three animals showed
the highest values.

From now on, groups one, two and three will be denominated as
mild, moderate and severe stress, respectively. When the heat dissipation
mechanisms become insufficient, rectal temperature tends to increase (Morais
et al., 2008) and consequently the animals without access to shade had higher
rectal temperatures, as observed in the SE group. The increases in panting
score values and respiratory rates were expected since at temperatures above
the minimum critical temperature heat loss via evaporation progressively loses
importance and losses due to peripheral vascular dilation and

evapotranspiration become increasingly more important (Kadzere et al., 2002).
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In the present study, the positive relationship between panting
score in the group of animals without access to shade and increased respiratory
rate, seen in figures one and two, occurred due to the exposure to the sun
these animals were submitted, storing heat. The animals without access to
shade had larger water intake and greater number of water ingestion bouts,
what is in agreement with previous studies (Murphy et al., 1983; Schiitz et al.,
2014) and is related to the increased body fluid loss caused by the augmented
sweating, heart rate and salivation (Atrian et al, 2012).

The highest values of resting time in the severely stressed group
may be related to the strategy of animals to reduce physical activities (West,
2003) that increase heat production as grazing and especially ruminating, and
also they may related to the increment in the activities related to water intake
and permanence around the water trough. The increase in time resting while
standing is probably related to postural changes adopted to increase heat
dissipation by convection, which was also noticed by Anderson et al. (2013) and
Rungruang (in press). The increase of the competition for shade which is
motivated by the need to decrease the high body temperature, may involve
frustration and anxiety, as the number of aggressive interactions increased in
the groups intensively heat stressed, as already noticed by Tresoldi (2012). In
the present study cows without access to shade could see the other cows using
the shade of trees. However the similar number of events of competition near
the water trough indicates that although the use of the water trough increased
for more heat stressed cows, the access was not limited, and thus it did not

elicited more agonistic events.
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As expected the act of seeking for shade prevailed in the group of

cows that had access to shade, serving as an alternative to keep the animal in
the comfort zone, and reducing body temperature.
Milk production was not significantly different between groups, possibly because
they were not so challenged due to the low milk production of all animals before
the trial (Baccari Jr et al.,1982; West,2003; Vasconcelos and Demetrio, 2011;
Collier et al., 2012), and due to the similar parity and DIM, besides the possible
compensation in DM intake during the night (Kadzere et al., 2002; Silanikove et
al., 2009 ) whereas animals with higher yield potential are more sensitive to
heat stress. During the night-time average air temperatures were 18.84 °C. The
severity of heat stress depends on the diurnal and nocturnal fluctuations of the
weather. If the ambient temperature has values below 21 °C overnight for three-
six hours, the animal has a chance to dissipate heat gain during the day (Ilgono
et al., 1992; Muller et al., 1994; West, 2003; Silanikove et al; 2009), which may
allow similar DM intake and milk production, especially if the animals are not
very productive.

In general, as severity of heat stress augmented cows exhibited
increasingly more changes in physiological and behavioral attributes notably
those more related to dissipation of heat but also those related to anxiety and
frustration. Cows may compete for resources that can mitigate heat stress,
such as water and shade, to the point where the benefits outweigh the costs.
On the other hand, when this ratio is to be reversed, that is, when the costs
outweigh the benefits, the animals are able to change their strategies,

preventing agonistic interactions, saving energy and preventing excessive heat
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production. However animals may have different strategies when face the same

challenges which can also be observed in the present study.

Conclusions

Access to shade, even in moderate conditions of heat stress,
positively affected the physiological and behavioral attributes of cows at
pasture. The severity of stress perceived by the change of physiological

attributes distinctly altered the social and ingestive behavior of animals.
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Table I. Values of air temperature, relative humidity and THI measured in the paddocks
with and without shade at 11 (GMT-2: 00) and at 17(GMT -2:00)

Dry bulb Relative
Day/month Group Time (h) temperature humidity THI
(°C) (%)

11 16.00 80.5 62.00
28/01 with shade

17 25.6 56.4 73.46

11 19.0 83.4 65.52
29/01 no shade

17 27.6 63.5 77.08

11 17.6 84.4 63.26
29/01 with shade

17 25.4 53.3 72.72

11 18.3 80.5 64.28
30/01 no shade

17 28.6 41.3 75.51

11 17.6 81.7 63.18
30/01 with shade

17 27.8 43.3 74.8

11 19.7 79.7 66.49
31/01 no shade

17 28.7 49.8 76.79

11 18.3 84.2 64.40
31/01 with shade

17 27.8 55.6 76.37

11 20.6 87.4 68.36
1/02 no shade

17 30.8 49.9 79.55

11 20.4 87.0 68.01

1/02 with shade 17 29.7 534 78.64
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Table 1l. Value of variables in discrimination between groups of animals from
discriminant analysis in behavioral traits of dairy cows with or without access to shade.

Partial Pr >
Step Entered R-Square Pr>F ASCC’
1 Panting Score at 19h 0.6592 <,00001 <.00001
2 Grazing time 0.434 <,00001 <.00001
3 Water ingestion bouts 0.2014 0.0007 <.00001
4 Aggressive interactions 0.174 0.0022 <.00001
5 Respiratory rate 0.1509 0.0058 <.00001
6 Time spent lying 0.1378 0.0101 <.00001
7 Panting score at 15h 0.0982 0.0428 <.00001
8 Events of competition for shade 0.1213 0.0207 <.00001
9 Resting while standing 0.098 0.0453 <.00001
10 Permanence near the water cooler 0.0887 0.0646 <.00001
11 Ruminating while lying 0.0855 0.0749 <.00001

*ASCC — Average Squared Canonical Correlation
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Table Ill. Mean values of behavioral attributes of animals from groups 1, 2 and 3 and P-

values
Attributes Group 1 LE*  Group 2 ME* Group 3 SE* P>F
n= 27 n=34 n=9
Walking head down (min) 20.37 18.82 8.89 Ns
Walking tall head (min) 7.04 8.53 13.33 Ns
Water ingestion bouts 1.56c¢ 3.85b 6.33a <0.0001
Total rumination (min) 203.70a 180.59a 90.00b <0.0001
Ruminating while lying (min) 85.81a 79.41a 38.89b 0.0266
Ruminating while standing
(min) 127.44a 104.41ab 63.33b 0.0052
Grazing (min) 177.04b 242.94a 175.56b  <0.0001
Total time resting (min) 195.93b 168.53b 277.78a  <0.0001
Resting while lying (min) 97.04a 59.41b 75.56ab 0.0012
Resting while standing (min) 98.07b 100.59b 202.22a  <0.0001
Total time lying (min) 202.22a 144.12b 120.00b  <0.0001
Total time standing (min) 222.21 215.78 234.76 ns
Seeking for shade (min) 285.19a 148.53b 62.22b 0.0001
Staying near the water trough
(min) 47.04b 50.59b 153.33a  <0.0001
Competition near water
trough (n®) 0.26 0.18 0.44 ns
Competition for shade (n°) 0.11b 0.15b 1.22a 0.0003
Aggressive interaction (n°) 0.30b 0.65b 2.67a <0.0001
Milk production (kg/d) 22.81 21.8 19.31 ns
DIM 131.67 127.15 138.44 ns
Parity (n°) 1.93 1.82 2.89 ns
Heart rate (n°) 83.93b 89.71ab 98.33a 0.0106
Respiratory rate (n°) 57.33b 76.12a 84.67a <0.0001
Rectal temperature (°C) 39.61b 39.66b 40.30a 0.0267
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Ruminal movements (n°) 2.93a
Panting score at 15 hours 0.00c
Panting score at 19 hours 0.19c

2.09bc 1.44c
0.59b 2.78a
1.18b 3.89a

0.0003

<0.0001

<0.0001

*LE = mild stress * ME = moderate stress

* SE = severe stress
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Figure 1. Orthogonal plane for the behavioral attributes of cows under heat stress with
and without access to shade. Legend: CN (permanence around the water trough),
CWC (competition for water cooler), DW (walking head down), F (aggressive
interaction), GP (group), GT (grazing time), HW (walking tall head), IW (water ingestion
bouts), MR (ruminal movements), RC (cardiac rate), RL (lying at rest), RR (respiratory
rate), RT (ruminating time), RUL (lying while ruminating), S (standing time), SC
(competition for shade), SP15 (panting score at 15 hours), SP19 (panting score at 19
hours), SR (ruminating while standing), SS (seeking for shade), ST(resting while
standing), TH (heat tolerance), TL (lying total time), TR (rectal temperature), TRE
(resting timel) and PM (milk production).
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Figura 2 —Canonical analysis of characteristics of behavior and physiological attributes
of cows under heat stress with or without access to shade. Legend: CN (permanence
around the water trough),CWC (competition for water cooler), DW (walking head
down),F (aggressive interaction) ,GP (group), GT (grazing time), HW (walking tall
head), IW (water ingestion bouts), MR (ruminal movements), RC (cardiac rate), RL
(lying at rest), RR (respiratory rate), RT (ruminating time), RUL (lying while ruminating,
S (standing time), SC (competition for shade), SP 15 (panting score at 15 hours), SP
19 (panting score at 19 hours), SR (ruminating while standing), SS (seeking for shade),
ST(rest while standing),TH (heat tolerance), TL (lying time), TR (rectal temperature),

TRE (resting time) and PM (milk production).
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3.1 CONSIDERACOES FINAIS

Nos ultimos anos aceita-se que 0s animais sao seres sencientes, ou
seja, individuos que tem capacidade de sentir, assim o0 estudo do
comportamento animal se tornou de extrema importancia para compreender
acOes e determinar melhorias nos sistemas criatérios a fim de proporcionar
estados positivos de bem-estar animal.

As variaveis comportamentais, sociais e fisiologicas utilizadas neste
trabalho caracterizaram os diferentes niveis de estresse térmico enfrentado
pelas vacas de leite durante a estacdo quente em Lages, demonstrando essas
variaveis estavam alteradas na maioria dos animais. Apesar de ndo se ter
medido o cortisol plasmatico, as observacfes comportamentais modificadas
demonstraram que as vacas se encontravam estressadas, e que a
compensacao pelo resfriamento noturno observado na producéo leiteira ndo se
extendeu a todas as variaveis comportamentais e fisioldgicas. Talvez se a
duracdo deste estudo fosse maior, 0os resultados apresentados no grupo de
vacas sem sombreamento seria mais pronunciado em comparacdo ao grupo
com sombreamento, podendo causar alteracdo na quantidade de leite
produzida pelos animais. Como n&o foi realizado o comportamento noturno,
nao pode afirmar se as vacas compensaram a ingestdo de forragem durante
este periodo.

O clima quente afetou o comportamento animal e os atributos
fisiologicos contribuindo para a reducdo do bem estar animal. A area
sombreada apresentou reducdo de temperatura do bulbo seco de até 3.5°C,
assim o uso de sombreamento como o do sistema silvipastoril contribui para
minimizar o estresse térmico enfrentado pelas vacas leiteiras, mesmo em clima
subtropical de altitude.
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equipment, should ensure that the manufacturers or suppliers of these products
have no objections to publication if the products, for the purpose of
experimentation, were not used according to the manufacturer’s instructions.
Results - Discussion
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sections (Results followed by Discussion). Conventions for presenting these
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Tables
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(one table per page) and an indication given in the text where it should be
inserted. Tables which are created in Word should not use tabs but should use
the table function within the programme. Tables should not be prepared with
vertical lines between columns and horizontal lines between rows of data.
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Figures
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continuous lines before dotted or dashed lines. The size of symbols should be
appropriate (neither too small nor too big and clumsy). The use of colour in
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Authors can include supplementary material in any type of text (full research
paper, review paper, short communication, etc.). Supplementary material will
appear only in the electronic version, and is not limited in length. It will be peer-
reviewed along with the rest of the manuscript, but will not be copy-edited.
Authors are entirely responsible for its content and must check carefully the
format and styles. This supplementary material could contain original modus
operandi, tables or figures which are not necessary for understanding the text
within the main body of the paper, mathematical models, references of
publications which are used, for example, in a meta-analysis and which do not
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appear in the text, or pictures improving the understanding of the text. The
manuscript must stand alone without the supplementary material for those
readers who will be reading the hard copy only. This should be submitted with
the main manuscript in a separate file and identified as "Supplementary File —
for Online Publication Only". Each figure should have its own title embedded in
the figure (below). Supplementary material should be identified and mentioned
in the main text as Supplementary Table S1, Supplementary Table S2, etc. for
tables or Supplementary Figure S1, Supplementary Figure S2, etc. for figures or
Supplementary Material S1, Supplementary Material S2, etc. for other material).
For example: “The list of references used for the meta-analysis is given in
Supplementary Material S1”. A link to this on-line supplementary material will be
included by the Production Editor at the proof preparation stage.

Typographical conventions and consistencies

Headings

As illustrated and detailed above and in the style sheet (see website), the
animal convention is as follows.

(a) Title of the paper is in bold with only the first letter in capitals. Authors’
names are in lower case with initial capitals and their addresses are in italics.
(b) Main section headings (Abstract, Introduction, Implications, Material and
methods, Results, Discussion, Acknowledgement(s), References) are printed in
bold throughout and placed by the left margin.

(c) Subheadings are italicized and only the initial letter is in capitals. The two
classes are:

(i) side italics unpunctuated (shoulder headings);

(ii) italics, punctuated and text run-on (side headings).

The sequence is always (i) to (ii).

Abbreviations

When abbreviations are defined in the text, they should be written in bold
capitals at first occurrence.

The abbreviations listed below do not require the full spelling.

ACTH Adrenocorticotropic hormone

ADF Acid detergent fibre

ADL Acid detergent lignin

ADP Adenosine diphosphate

ANOVA Analysis of variance

ATP Adenosine triphosphate

BLUP Best linear unbiased prediction

BW  Body weight

CoA Coenzyme A

CP  Crude protein

DNA Deoxyribonucleic acid

ELISA Enzyme-linked immunosorbent assay

FSH Follicle-stimulating hormone

GLC Gas-liquid chromatography

GLM General Linear Model

HPLC High performance (pressure) liquid chromatography

IGF Insulin-like growth factor
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IR Infrared

LH  Luteinising hormone

MS  Mass spectrometry

n Number of samples

NAD Nicotinamide adenine dinucleotide

The names of the chemicals do not need to be written out in full; chemical
symbols are sufficient. Fatty acids are abbreviated using the following rules: cis-
18:1 for the sum of cis octadecenoic acids. When isomers are described, the
double bond positions are identified by numbering from the carboxylic acid end:
€9,t11-18:2; iso-15:0. The terms “‘omega 3” and “omega 6” are banned and
replaced by “n-3” and “n-6”, e.g. 18:3n-3. Trivial names can be used for the
most known fatty acids (myristic, palmitic, oleic, linoleic, linolenic) and
abbreviations in some cases: CLA for conjugated linoleic acids, EPA for
eicosapentaenoic acid, DHA for docosahexaenoic acid. Chemical names and
trivial names cannot be mixed in a same table.

Capitals

(a) Initial capitals are used for proper nouns, for adjectives formed from proper
names, for generic names and for names of classes, orders and families.

(b) Names of diseases are not normally capitalized.

Italics

Use italics for:

(a) titles of books and names of periodicals in the text;

(b) authors’ addresses;

(c) subheadings (see above);

(d) titles for tables (but not captions for figures);

(e) most foreign words, especially Latin words, e.g. ad hoc, ad libitum, et al., in
situ, inter alia, inter se, in vitro, per se, post mortem, post partum

but no italics for c.f., corpus luteum, e.g., etc., i.e., N.B., via

(f) mathematical unknowns and constants;

(9) generic and specific names;

(h) letters or numbers in the text which refer to corresponding letters or numbers
in an illustration;

(i) letters used as symbols for genes or alleles e.g. HbA, Tf D (but not
chromosomes or phenotypes of blood groups, transferrins or haemoglobins,
e.g. HbAA, TfDD);

() first occurrence of a special term;

(k) repeated emphasis of a special term (use cautiously);

() Latin names of muscles (but not of bones), e.g. m. biceps femoris.

Spelling

All papers must be written in English. Spelling may be in British or American
English but must be consistent throughout the paper. Please refer to standard
dictionaries e.g. Webster's, Collins, Concise Oxford for the correct spelling of
words and to Fowler's Modern English Usage (3rd edition, edited by R.W.
Burchfield, Oxford University Press) for usage. Care should be exercised in the
use of agricultural terminology that is ill-defined or of local familiarity only.
Numerals (a) In text, use words for numbers zero to nine and figures for higher
numbers. In a series of two or more numbers, use figures throughout
irrespective of their magnitude.
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(b) Sentences should not, however, begin with figures.

(c) For values less than unity, 0 should be inserted before the decimal point.

(d) For large numbers in the text substitute 10n for part of a number (e.g. 1.6
106 for 1 600 000).

(e) To facilitate the reading of long numbers in tables, the digits should be
grouped in three about the decimal sign but no point or comma should be used.
(f) The multiplication sign between numbers should be a cross (x).

(g9) Division of one number by another should be indicated as follows: 136/273
(h) Use figures whenever a number is followed by a standard unit of
measurement (e.g. 100 g, 6 days, 4th week).

() Use figures for dates, page numbers, class designations, fractions,
expressions of time, e.g. 1 January 2007; type 2.

(j) Dates should be given with the month written out in full in the text and with
the day in figures (i.e. 12 January not 12th January). Single non-calendar years
should be written 2006/07; periods of two calendar years as 2006-07.

(k) For time use 24-h clock, e.g. 0905 h, 1320 h.

Units of measurement

The International System of Units (SI) should be used. A list of units is found for
example at http://physics.nist.gov/cuu/Units/units.html. Recommendations for
conversions and nomenclature appeared in Proceedings of the Nutrition
Society, 31: 239-247, 1972. Some frequently used units which are not in the Sl
system are accepted: | for litre, ha for hectare, eV for electron-volt, Ci for curie.
Day, week, month and year are not abbreviated.

A product of two units should be represented as Nem and a quotient as N/m
(e.g. g/kg and not g.kg-1), except in case of two quotients (e.g. g/kg per day and
not g/kg/day).

Concentration or composition

Composition expressed as mass per unit mass or mass per unit volume should
have as denominator the unit of mass, the kilogram, or the unit of volume, the
litre. Values should thus be expressed as nanograms, micrograms, milligrams
or grams per kilogram or per litre. The term content should not be used for
concentration or proportion.

Statistical terms

chi square 2

coefficient of determination R2

coefficient of variation CV

correlation

multiple R

sample coefficient r

degrees of freedom d.f.

expectation of mean square e.m.s.

least significant difference LSD

mean square m.s.

non-significant P>0.05

probability P

P<0.05, in tables use *

P<0.01, in tables use **

P<0.001, in tables use ***
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regression coefficient b

root mean square error r.m.s.e.
standard deviation s.d.

standard error of difference s.e.d.
standard error of mean s.e.m. |
standard error of estimate Sy.x
residual standard deviation r.s.d.
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4.4 Vita

Elissa Forgiarini Vizzotto, filha de Gilberto Vizzotto e Carmem
Forgiarini Vizzotto, brasileira nascida em Faxinal do Soturno, Rio Grande do
Sul, no dia 12 de janeiro de 1987.

Realizou o ensino fundamental na Escola Estadual Dom Antonio
Reis — Faxinal do Soturno e o ensino médio no Colégio Metodista Centenario —
Santa Maria. Em 2001 entrou para o curso Técnico Agricola habilitacdo em
agropecudria concomitante, no Colégio Agricola de Santa Maria concluindo em
2005. No ano 2007 iniciou o curso de Zootecnia na Universidade Federal de
Santa Maria, sendo concluido em julho de 2011.

Durante os anos de faculdade realizou estagio no laboratério de
bovino de leite. O estégio final de curso foi realizado na Central da Coperativas
Gauchas LTD. (CCGL), no tambo experimental realizando pesquisas a servico
da demanda dos produtores e na assisténcia técnica a produtores de leite.

Em abril de 2012 iniciou o curso de Mestrado no Programa de Pés-
Graduacao em Zootecnia UFRGS.



