
UNIVERSIDADE FEDERAL DE SANTA MARIA 

CENTRO DE CIÊNCIAS RURAIS 

PROGRAMA DE PÓS-GRADUAÇÃO EM ZOOTECNIA 
 

 

 

 

 

 

 

 

Émerson Mendes Soares 
 

 

 

 

 

 

 

 

PRODUÇÃO E COMPORTAMENTO ANIMAL EM PASTAGEM 

NATURAL MANEJADA SOB PASTOREIO ROTATIVO – ANÁLISE 

CONJUNTA DE EXPERIMENTOS 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Santa Maria, RS 

2018 



Émerson Mendes Soares 

 

 

 

 

 

 

 

PRODUÇÃO E COMPORTAMENTO ANIMAL EM PASTAGEM 

NATURAL MANEJADA SOB PASTOREIO ROTATIVO – ANÁLISE 

CONJUNTA DE EXPERIMENTOS 
 

 

 

 

 

 

 

 

Tese apresentada ao Curso de Pós-Graduação 

em Zootecnia, da Universidade Federal de 

Santa Maria (UFSM, RS), como requisito 

parcial para a obtenção do título de Doutor em 

Zootecnia. 
 

 

 

 

 

 

 

 

 

 

Orientador: Fernando Luiz Ferreira de Quadros 

 

 

 

 

 

 

 

 

 

 

 

Santa Maria, RS 

2018 



                    Sistema de geração automática de ficha catalográfica da UFSM. Dados fornecidos pelo 
                    autor(a). Sob supervisão da Direção da Divisão de Processos Técnicos da Biblioteca 
                    Central. Bibliotecária responsável Paula Schoenfeldt Patta CRB 10/1728. 

SOARES, ÉMERSON
   PRODUÇÃO E COMPORTAMENTO ANIMAL EM PASTAGEM NATURAL
MANEJADA SOB PASTOREIO ROTATIVO – ANÁLISE CONJUNTA DE
EXPERIMENTOS / ÉMERSON SOARES.- 2018.
   159 p.; 30 cm

   Orientador: FERNANDO LUIZ FERREIRA DE QUADROS QUADROS
   Tese (doutorado) - Universidade Federal de Santa
Maria, Centro de Ciências Rurais, Programa de Pós
Graduação em Zootecnia, RS, 2018

   1. BIOMA PAMPA 2. COMPORTAMENTO INGESTIVO 3. RECRIA
DE NOVILHAS 4. MÉTODOS DE PASTEJO 5. EFICIÊNCIA DE
PASTEJO I. QUADROS, FERNANDO LUIZ FERREIRA DE QUADROS
II. Título.





DEDICATÓRIA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dedico este trabalho, aos que sempre estiveram presentes me dando todo suporte 

e apoio necessário para estudar, que sempre proporcionaram tudo o que eu precisava, sabendo 

quando dizer não, que proveram as melhores condições para que eu fosse a melhor versão 

possível, que sempre tiveram compreensão com meus erros, que foram o melhor exemplo que 

eu poderia ter e são o que há de mais importante na minha vida: obrigado pai e mãe! 

  

 

 

 

 

  



AGRADECIMENTOS 

 

A realização desse trabalho ocorreu, em muito, pela compreensão, dedicação e 

auxílio de muitas pessoas envolvidas. Meus sinceros agradecimentos a todos que, de uma 

maneira ou outra, estiveram envolvidos na realização desse experimento. Uma pequena parte, 

agradecerei de maneira especial: 

- aos meus pais, Marfiza e Valdemar Soares, que sempre foram apoiadores da 

minha vontade de estudar e que me deram todo suporte sempre que necessário; 

- ao meu orientador, Professor Fernando Quadros, desde a oportunidade no 

mestrado até a realização do doutorado, por toda a confiança depositada, pelos ensinamentos 

e toda dedicação. É uma grande satisfação ter sido seu orientado, muito obrigado! 

- a todos colegas de LEPAN que, ao longo desses anos, conduziram o dia-a-dia do 

experimento e possibilitaram a materialização dos dados aqui compilados. Sem o esforço e 

dedicação de vocês, nada seria possível; 

- aos amigos que fiz, ou consolidei, durante o período de pós-graduação, vocês 

sempre serão parte da memória desse período e, espero, pro resto da vida: Anderson Marques, 

Bruno Kuinchtner, Felipe Jochims, Fernando Furquim, Gustavo Ilha, Joabel T. dos Santos, 

Leandro Oliveira, Paulo Salvador, Pedro Casanova e Régis Carvalho; 

- às professoras Marta Gomes da Rocha e Luciana Pötter, juntamente a toda equipe 

do Pastos & Suplementos, pelas oportunidades, ensinamentos e paciência que sempre tiveram 

comigo; 

- aos sempre importantes, que me iniciaram na pesquisa, Prof. Marcelo Cecim, 

Prof. Diego Zeni e Prof. Marta Leal, muito obrigado pelo empurrão inicial; 

- ao Meat Animal Research Center, nas pessoas do Dr. Robert Cushman, Dr. 

Harvey Freetly, Dr. Chad Chase Jr., Dr. Anthony McNeel e Dave Sypherd, pelos ensinamentos, 

paciência e acolhimento durante o doutorado sanduíche. 



RESUMO 

 

 

PRODUÇÃO E COMPORTAMENTO ANIMAL EM PASTAGEM 

NATURAL MANEJADA SOB PASTOREIO ROTATIVO – ANÁLISE 

CONJUNTA DE EXPERIMENTOS 
 

 
AUTOR: Émerson Mendes Soares 

ORIENTADOR: Fernando Luiz Ferreira de Quadros 

 

 

O objetivo deste trabalho foi estudar, através de uma análise conjunta de experimentos, o efeito 

do pastoreio rotativo, utilizando intervalos de descanso baseados na duração da expansão foliar 

de gramíneas nativas, na produção primária e secundária, bem como no comportamento 

ingestivo de novilhas de corte. Para isso, foi elaborada uma base de dados a partir de 

experimentos conduzidos com novilhas de corte manejadas em pastagem natural sob pastoreio 

rotativo, utilizando dois intervalos de descanso entre pastoreio: 375 e 750 graus-dia (GD). O 

arranjo experimental da área foi de blocos ao acaso, onde os tratamentos foram dois intervalos 

de descanso entre pastejo e três repetições de área para cada tratamento. Na base de dados, 

composta por oito experimentos realizados entre 2010 e 2014, foram considerados como efeitos 

fixos os tratamentos e as estações climáticas, e efeitos aleatórios o estudo e o erro experimental. 

A produção média por área foi de 411 kg PV/ha/ano, considerando uma taxa de lotação média 

de 915 kg PV/ha e um ganho médio diário de 0,276 kg PV/dia. A utilização do pastoreio 

rotativo, com intervalos de descanso baseados na duração da expansão foliar de gramíneas 

nativas, foi capaz de aumentar a eficiência de utilização das áreas de pastagens naturais, 

possibilitando ganhos individuais adequados para a recria de fêmeas de corte entre o desmame 

e o acasalamento aos 24 meses de idade. Novilhas de corte manejadas em pastagem natural sob 

pastoreio rotativo possuem um padrão de pastejo diurno. Entretanto, significativas atividades 

de pastejo acontecem durante períodos da noite bem como diferenças entre as estações no que 

tange ao momento que os animais realizam essas atividades. Avaliações de comportamento 

ingestivo de novilhas de corte em pastagens naturais, apenas durante o período diurno, não 

contemplam o tempo necessário para representar a totalidade das atividades de pastejo. Para 

que seja contemplada a totalidade das atividades de pastejo, é necessário realizar as avaliações 

de comportamento ingestivo entre o período do alvorecer e a meia-noite. 

 

Palavras chave: Bioma Pampa. Comportamento ingestivo. Recria de novilhas. Métodos de 

pastejo. Eficiência de pastejo. 

 

 

 



ABSTRACT 

 

 

LIVESTOCK PRODUCTION AND ANIMAL BEHAVIOUR IN A NATURAL 

GRASSLAND MANAGED UNDER ROTATIONAL GRAZING - JOINT ANALYSIS 

OF EXPERIMENTS 

 
AUTHOR: Émerson Mendes Soares 

ADVISER: Fernando Luiz Ferreira de Quadros 

 

 

The aim of this work was to study, through a joint analysis of experiments, the effects of 

rotational grazing, using rest intervals based on duration of leaf expansion of native grasses, on  

the primary and secondary production as well as grazing behaviour of beef heifers. Then, it was 

elaborated a database from experiments conducted using beef heifers managed in a natural 

grassland under rotational grazing, using two rest intervals between grazing: 375 and 750 

degree-day (DD). The experimental design of the area was randomized blocks where the two 

rest intervals were the treatments with three area replicates for each treatment. The database 

was composed by eight experiments performed between 2010 and 2014, it was considered as 

fixed effects the treatments and climatic seasons; studies and experimental error as random 

effects. The mean area production was 411 kg body weight/hectare/year, considering a mean 

stocking rate of 915 kg body weight per hectare and an average daily gain of 0,276 kg body 

weight per day. The use of rotational grazing, using grazing rest intervals based on duration of 

leaf expansion of native grasses, was able to increase the utilization efficiency of natural 

grasslands areas, making possible adequate individual gain for rearing beef heifers between 

weaning and breeding at 24 months old. Beef heifers have a diurnal grazing pattern when 

managed in natural grassland under rotational grazing. However, there are significant grazing 

activities during dark periods as well as climatic season differences in the moment when 

animals perform those activities. Grazing behaviour assessments in beef heifers managed in 

natural grasslands, performed only on diurnal period, do not contemplate the required period to 

represent all grazing activities. To contemplate all grazing activities, it is necessary to perform 

the grazing behaviour assessments between dawn and midnight. 

 

Keywords: Pampa biome. Foraging behaviour. Beef cattle. Grazing methods. Grazing 

efficiency. 
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1. INTRODUÇÃO 

 

 A região de pastagens naturais da América do Sul (“Río de la Plata grasslands”) 

engloba uma região de 3,4 × 106 km² entre a porção oriental da Argentina, sul do Brasil e todo 

Uruguai, sendo uma das maiores áreas de pastagens temperadas/subtropicais do mundo 

(SORIANO, 1991). Dentro desse grande ecossistema, na porção brasileira, encontra-se o bioma 

Pampa, um dos seis biomas reconhecidos do Brasil, o qual ocupa 176,496 km2 (2,07% do 

território nacional) em sua totalidade no Estado do Rio Grande do Sul (RS). As pastagens 

naturais do bioma Pampa caracterizam-se pela grande diversidade florística, compreendendo 

um total de mais de 3000 plantas vasculares sendo, destas, 450 espécies de gramíneas e 150 

espécies de leguminosas (BOLDRINI et al., 2009). Essas áreas tem sido a base alimentar para 

a pecuária de corte desde o século XVII e, atualmente, apesar das mudanças dos arranjos 

produtivos, ainda é a região onde a ampla maioria de bovinos e ovinos de corte do RS estão 

localizados. 

 Essas áreas de pastagens tem sofrido nas últimas décadas, principalmente nos últimos 

20 anos, uma substituição por cultivos anuais, sendo a soja o principal cultivo utilizado, 

aumentando sua área em 210% considerando os três países (MODERNEL et al., 2016) e, apenas 

no RS, ocorreu um aumento de 57% nos últimos 15 anos (SILVEIRA et al., 2017), reduzindo 

a área original de pastagens naturais do bioma Pampa a menos de 50% (PILLAR E VÉLEZ, 

2010). Além da substituição por outros cultivos, o pastejo malconduzido (i.e., sobrepastejo) 

associado à dominância de espécies invasoras (como capim annoni) são outras ameaças à 

manutenção das áreas de pastagens naturais e seus serviços ecossistêmicos (CARVALHO E 

BATELLO, 2009). A conversão de ecossistemas naturais para cultivos agrícolas tem sido 

relacionada, sistematicamente, com alguns problemas ambientais como emissão de gases de 

efeito estufa (SEARCHINGER et al., 2008), redução na diversidade de fauna e flora 

(OVERBECK et al., 2015) bem como redução na manutenção de reservas de água potável 

(GORDON et al., 2008). Nesse sentido, alguns autores propôem uma “agricultura 

ecologicamente intensiva” como uma eficiente maneira de aumentar a eficiência de utilização 

dos recursos naturais (BOMMARCO et al., 2013; TITTONEL, 2014), e sistemas pastoris 

baseados em pastagens naturais poderiam ser considerados nessa classe, desde que bem 

manejados (VIGLIZZO et al., 2001). 

 As informações de pesquisa com o manejo dessas áreas de pastagens naturais ainda são 

relativamente recentes e, devido à grande biodiversidade desses ecossistemas pastoris, torna-se 



13 
 
ainda mais necessário a realização de experimentos de longo prazo e com prévio embasamento 

teórico para obtenção de informações sólidas. Nesse sentido, baseado no agrupamento 

funcional de gramíneas nativas do bioma Pampa (CRUZ et al., 2010) e nos resultados de 

morfogênese de algumas dessas espécies (EGGERS et al., 2004; MACHADO et al., 2013), 

Quadros et al. (2009) propuseram a utilização dessas informações para estabelecer intervalos 

de descanso entre pastejo em um sistema de pastoreio rotativo e, dentro desse sistema, realizar 

a recria de fêmeas de corte entre o desmame e o acasalamento. Teague et al. (2015) reforçam, 

em sua modelagem, a importância da definição de intervalos de descanso, que considerem 

características das plantas, para sistemas de pastoreio rotativo. Até então, os estudos de 

produção animal em pastagens naturais foram realizados, majoritariamente, em sistemas de 

pastoreio contínuo com ajuste da oferta de forragem (NABINGER et al., 2009) e, outros, em 

sistema contínuo com diferentes taxas de lotação fixa (LOBATO, 2009).  

 Entre as categorias mais representativas dentro do rebanho do RS estão terneiras e 

novilhas de corte (42% do total). Além disso, 25% do total do rebanho estão acima de um ano 

idade (ANUALPEC, 2015), ou seja, fisiologicamente aptas ao acasalamento (MORAN et al., 

1989). Entretanto, em levantamento realizado por SENAR/SEBRAE/FARSUL (2005), foi 

constatado que as novilhas de corte no RS são acasaladas, majoritariamente, entre os 30 e 36 

meses de idade. A manutenção de um grande número de fêmeas improdutivas no rebanho está 

entre as principais causas da baixa eficiência produtiva em sistemas de produção de bovinos de 

corte (FRIES E ALBUQUERQUE, 1999). Além disso, elevadas idades de acasalamento e 

baixas taxas de repetição de prenhez (LOBATO E PILAU, 2004) contribuem para ineficiência 

desses sistemas. Corroborando, Pötter et al. (1998) trabalhando em um sistema extensivo de 

produção, obtiveram uma redução de 21,61% para 14,48% do rebanho de fêmeas não 

produtivas quando reduzida a idade ao acasalamento de três para dois anos. 

 Nesse sentido, Nabinger (2006) afirma que a compreensão das interações entre a 

produção primária e a resposta animal são necessárias para o estabelecimento de padrões de 

produtividade potencial, os quais podem ser alterados, seja através de simples ações de manejo 

ou pelo uso de tecnologias/insumos com alto grau de alteração na produção animal. Canellas et 

al. (2013) citam como um dos principais limitantes da eficiência do processo produtivo, nesse 

ecossistema, a ausência de planejamento alimentar para a recria de novilhas. Esse planejamento 

acontece tanto em uma escala de propriedade como em escalas menores, como a avaliação do 

comportamento animal que, dentre outras respostas, informa o manejador sobre a qualidade do 

manejo que está sendo aplicado ao pasto (CARVALHO et al., 2015). 



14 
 
 Dentre as avaliações possíveis de comportamento ingestivo, o tempo de pastejo é uma 

variável de, relativamente, simples observação e bastante eficiente como indicadora de 

eficiência no manejo da pastagem (MANNING et al., 2017). Vários protocolos experimentais, 

tanto em pastagens temperadas (HODGSON, 1982) quanto subtropicais (CARVALHO et al., 

1999; PINTO et al., 2007; MEZZALIRA et al., 2012), avaliaram o tempo de pastejo e 

relacionaram com variáveis do pasto e sistemas de pastejo. Nesse sentido, a compreensão do 

comportamento ingestivo em diferentes estruturas de pasto, principalmente ambientes 

heterogêneos (LACA, 2008), é extremamente necessária para melhor definição de estratégias 

de manejo e suas relações com a disponibilidade de forragem (MEISSER et al., 2014). 

 Assim, é evidente a necessidade de protocolos experimentais que explorem a 

heterogeneidade das pastagens naturais do ponto de vista da produção primária, sua relação 

com o desempenho dos animais, e como os mesmos adaptam seu comportamento frente às 

mudanças nas características estruturais do pasto. Não menos importante, a utilização de 

ferramentas de avaliação da relação dos animais com o pasto, como o comportamento ingestivo, 

poderá elucidar de melhor maneira as relações de desempenho dos animais. 

 

2. PROPOSIÇÃO 

 As hipóteses e objetivos que serão apresentadas, bem como os protocolos experimentais 

para avaliação das mesmas, encontram-se divididas em três partes. Em um primeiro momento, 

será apresentada a metodologia utilizada para realização dos experimentos e elaboração da base 

de dados. Posteriormente, são apresentados dois manuscritos intitulados: “A joint analysis of 

rotational grazing system on South America natural grasslands” e “Validity of the timing and 

duration of observation periods of beef heifers foraging behaviour in natural grasslands”. 

 

3. MATERIAL E MÉTODOS 

 

3.1 Elaboração da base de dados 

 

 A base de dados foi elaborada a partir de oito experimentos conduzidos ao longo de sete 

anos (entre 2010 e 2014) provenientes da área experimental do Laboratório de Ecologia de 

Pastagens Naturais (LEPAN), Departamento de Zootecnia da Universidade Federal de Santa 

Maria (UFSM). Os experimentos foram conduzidos em área de pastagem natural durante as 

diferentes estações do ano utilizando novilhas de corte em um sistema de pastoreio rotativo. 
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 A partir dos dados coletados nos experimentos, foi elaborada uma base de dados comum 

utilizando o software EXCEL. Primeiramente, os dados foram tabulados integralmente na 

planilha de dados, incluindo todas as variáveis coletadas em cada experimento, em cada período 

experimental. Posteriormente, foram calculadas as médias de cada variável para cada estação 

climática (primavera, verão, outono e inverno); em média, em cada estação climática, foram 

realizados três períodos experimentais de 28 dias/cada e, portanto, cada unidade amostral foi 

composta pela média dos três períodos experimentais. 

 

3.2 Área e manejo experimental 

 

 Todos os experimentos que compõem a base dados foram realizados em uma área de 

pastagem natural pertencente ao Departamento de Zootecnia, UFSM. Conforme Quadros e 

Pillar (2001), esta área vem sendo manejada desde a década de 70 com pastoreio contínuo de 

bovinos, não tendo histórico de conversão para fins agrícolas. A área experimental situa-se na 

região fisiográfica Depressão Central do Rio Grande do Sul, nas coordenadas 29º43’29,97”S 

53º45’36,91”W. A altitude a nível do mar é de 95 m e o clima da região é subtropical úmido 

(Cfa), temperatura média anual de 19,2ºC e uma pluviosidade anual média de 1770 mm, 

conforme a classificação de Köppen. Nessa área experimental predominam dois tipos de solos: 

Planossolo Háplico Eutrófico (áreas de baixada) e Argissolo Vermelho Distrófico (áreas de 

topo e encosta) (STRECK et al., 2008).  

 A área experimental possui uma vegetação característica das pastagens naturais da 

Depressão Central com predominância de gramíneas, conforme contribuição na massa de 

forragem, a seguir descritas: Andropogon lateralis (37%), Aristida laevis (14%), Saccharum 

trinii (6%), Shorgastrum nutans (6%), Paspalum plicatulum (3%), Axonopus affinis (6%), 

Paspalum notatum (9%); espécies da família Umbelliferae, como Eringium horridum (3%), e 

16% representando outras famílias (cada uma representando menos de 1%). Não menos 

importante, nessa área foram documentadas 117 espécies (33 gêneros de gramíneas); todos 

esses dados de composição e contribuição foram obtidos utilizando a metodologia BOTANAL 

(TOTHILL et al., 1978). A partir da primavera de 2007, a área foi manejada apenas entre 

setembro e maio, utilizada por bovinos de corte em pastoreio rotativo com taxa de lotação 

ajustada para um desaparecimento de 20 a 35% da massa de forragem existente. Na estação de 

crescimento 2009/2010 foi realizada uma queima controlada da área experimental e a mesma 

ficou em descanso até maio de 2010, quando foram aplicados dois intervalos entre pastoreios 
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de 375 e 750 graus dia (GD), manejados com número fixo de animais (aproximadamente, 600 

kg de PC/ha). 

A área experimental possui 22,5 ha os quais foram subdivididos em 45 piquetes (0,5 ha 

cada) nos quais foram distribuídos os tratamentos. Todos os potreiros possuem bebedouros de 

água automatizados e cocho coberto para sal mineral e/ou suplementação. Além disso, a área 

foi dividida em três repetições de área agrupadas de maneira que as posições topográficas topo, 

encosta e baixada fossem contempladas de igual forma em cada tratamento. Os tratamentos 375 

GD e 750 GD foram compostos por sete e oito potreiros por repetição, respectivamente. A 

divisão de potreiros nesse número foi realizada com o intuito de que fosse possível atingir os 

períodos de descanso estipulados mantendo no mínimo três animais teste durante toda a rotação, 

sem que houvesse a necessidade de se utilizar períodos de ocupação muito longos. 

A partir de maio de 2010 foram definidos dois intervalos entre pastoreio (375 e 750 GD) 

como tratamentos aplicados na área experimental. A utilização dessas diferentes somas 

térmicas determina distintos intervalos entre pastoreios em método rotativo. O intervalo menor 

(375 GD) considera a soma térmica necessária para a elongação de duas folhas e meia da 

espécie Axonopus affinis e Paspalum notatum, gramíneas prostradas, competidoras por 

recursos, pertencente aos grupos A e B (QUADROS et al., 2009), com filocrono médio de 148,5 

GD (EGGERS et al., 2004); enquanto isso, no intervalo maior (750 GD) considera a duração 

de elongação de duas folhas das espécies cespitosas dos grupos C e D (QUADROS et al., 2009), 

tais como: Aristida laevis e Saccharum angustifolius, com filocrono de 333 GD (MACHADO 

et al., 2013). A utilização da tipologia funcional (grupos A, B, C e D), propostos por Cruz et 

al., (2010), baseia-se na ideia de agrupar espécies de gramíneas de acordo com atributos como 

a área foliar específica (AFE) e teor de matéria seca (TMS), dividindo em grupos de captura de 

recursos (A e B) e outro de conservação de recursos (C e D). A soma térmica acumulada no 

período foi calculada pelo somatório da temperatura média diária (TM), a qual foi obtida a 

partir da seguinte fórmula: TM = [(TºMx + TºMn)/2]; onde TºMx é a temperatura máxima 

diária (ºC) e TºMn é a temperatura mínima diária (ºC). Os dados de temperatura utilizados para 

cálculos diários foram obtidos junto ao Instituto Nacional de Meteorologia (INMET), 

provenientes de uma torre de coleta de dados presente no campus da UFSM.  

O manejo experimental foi o pastoreio rotacionado utilizando novilhas de corte, cuja 

idade variou entre 8 e 24 meses, durante os experimentos. Especificamente, durante o inverno 

de 2010, foram utilizadas seis novilhas teste por unidade experimental e as mesmas receberam 

uma suplementação mineral-protéica ad libitum (em cochos cobertos); durante esse período, 
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não houve ajuste da taxa de lotação, mantendo o número de animais fixo ao longo do período. 

No período de primavera, verão e outono (estação quente) entre 2010 e 2011, foram utilizadas 

quatro novilhas teste por unidade experimental e, também, novilhas como animais reguladores 

da taxa de lotação. A taxa de lotação foi ajustada utilizando uma taxa de desaparecimento de 

4,5% (HERINGER E CARVALHO, 2002) de 70% da porção verde da massa de forragem 

(como descrita abaixo); durante esse período, os animais tiveram acesso a suplementação 

mineral ad libitum. No inverno de 2011, foram utilizadas seis novilhas teste por unidade 

experimental (número de animais fixo ao longo do experimento), sendo que as mesmas 

receberam, diariamente às 14 horas, 0,5% do peso vivo de milho moído e suplemento mineral-

protéico ad libitum. Na estação quente 2011/2012, foram utilizadas três novilhas teste por 

unidade experimental e, também, novilhas como animais reguladores da taxa de lotação. A taxa 

de lotação foi ajustada utilizando uma taxa de desaparecimento de 4,5% (HERINGER E 

CARVALHO, 2002) de 70% da porção verde da massa de forragem (como descrita abaixo); 

durante esse período, os animais tiveram acesso a suplementação mineral ad libitum. No 

inverno de 2012, foram utilizadas seis novilhas teste por unidade experimental (número de 

animais fixo ao longo do experimento), sendo que as mesmas receberam, diariamente às 14 

horas, 0,5% do peso vivo de uma mistura de farelo de trigo e glicerol (85% farelo de trigo, 15% 

glicerol). No inverno de 2013, foram utilizadas cinco novilhas teste por unidade experimental 

(número de animais fixo ao longo do experimento), sendo que as mesmas receberam, 

diariamente às 14 horas, 1,0% do peso vivo de farelo de trigo (corrigido com 4% de calcário 

calcítico); enquanto isso, na estação quente de 2013/2014, foram utilizados os mesmos animais 

teste, porém com um número variável de novilhas para ajustar a taxa de lotação (ajustada da 

mesma maneira dos experimentos anteriores, nessa estação). No inverno de 2014, foram 

utilizadas seis novilhas teste por unidade experimental (número de animais fixo ao longo do 

experimento), as quais receberam uma suplementação mineral-protéica ad libitum (em cochos 

cobertos); além disso, as três novilhas mais leves de cada unidade experimental foram 

suplementadas, de segunda à sexta-feira, com 0,9% do peso vivo com milho moído.  

Além desses manejos, foi realizado, constantemente, o controle sanitário de 

endoparasitas e ectoparasitas (pela utilização de medicamentos injetáveis e/ou via pour-on), 

bem como a aplicação de vacinas da febre aftosa e clostridioses. Não obstante, os animais 

tiveram acesso ad libitum à água em cochos de concreto com alimentação automática. 

 

3.3 Variáveis utilizadas 
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 As variáveis utilizadas para elaboração da base de dados foram separadas de acordo com 

a característica dos dados: variáveis referentes ao pasto, variáveis referentes ao desempenho 

dos animais, variáveis de relação pasto/animal e variáveis de comportamento ingestivo dos 

animais. As variáveis referentes ao pasto foram: massa de forragem média (MF; kg de matéria 

seca (MS) por hectare (ha)), massa de forragem de entrada no piquete (MFe; kg MS/ha), massa 

de forragem de saída (MFs; kg MS/ha), altura do dossel (Alt; cm), densidade volumétrica (Den; 

kg/cm), massa de forragem verde (MFv; kg MS/ha), massa de forragem morta (MM; kg 

MS/ha), proteína bruta (PB; %) e fibra em detergente neutro (FDN; %). As variáveis de relação 

pasto/animal foram a oferta de forragem (OF; expressa em % do peso corporal (PC)), taxa de 

lotação (TL; kg PV/ha), ganho de peso vivo (GPCe; kg PC/estação ou kg PC/ha/dia (GPCd)). 

A avaliação de desempenho individual dos animais foi estimada através do ganho médio diário 

(GMD; kg PV/dia); enquanto que as variáveis de comportamento animal foram tempo de 

pastejo (TP; min), tempo de ruminação (Rum; min) e tempo de outras atividades (Oci; min). 

 A MF foi obtida, em todos experimentos, a partir da realização de amostragem em um 

dos piquetes representativos de cada repetição. A amostragem da MF foi realizada pela técnica 

de estimativa visual de comparação a padrões, calibrada com dupla amostragem (HAYDOCK 

E SHAW, 1975), com 20 estimativas visuais e seis cortes rente ao solo, utilizando um quadrado 

de 0,25m². Enquanto isso, três subamostras dos cortes foram utilizadas para realizar a separação 

em componentes botânicos do pasto: folhas e colmos verdes (MFv; kg MS/ha), material morto 

(MM; kg MS/ha) e outras espécies (espécies não pertencentes à família Poaceae). Após 

separados, os componentes foram secos em estufa de ar forçado até atingirem peso constante 

para, posteriormente, serem pesados e os valores expressos em quilogramas de matéria seca por 

hectare. A massa de forragem foi avaliada em dois momentos, antes dos animais entrarem no 

piquete (MFe), em alguns experimentos, essa avaliação também foi realizada após a saída dos 

animais (MFs). Além disso, nos mesmos pontos de avaliação da MF, foram realizadas 

mensurações da altura do dossel utilizando uma régua graduada em centímetros (mensurando 

três pontos dentro do quadro de 0,25 m²); pela divisão da MF pela altura foi obtida a densidade 

volumétrica do pasto (Den; expressa em kg MS/cm). 

 Enquanto isso, os valores nutritivos do pasto foram determinados a partir de amostras 

de simulação de pastejo (EUCLIDES et al., 1992). Após a coleta das amostras de simulação, 

foi realizada a separação dos componentes botânicos da amostra (folhas, colmos, material morto 

e outras espécies), os quais foram encaminhados para estufa de ventilação forçada até atingirem 

peso constante, sendo que as folhas foram então moídas em moinho do tipo Willey com peneira 
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de 2mm. A partir dessa amostra foram determinadas a FDN, conforme Van Soest (1967) e a 

PB a partir da determinação do nitrogênio total (AOAC, 1975). 

 As variáveis de relação pasto/animal foram a taxa de lotação (TL; kg PC/ha) calculada 

a partir da seguinte fórmula: TL = (PCt/área); onde “PCt” representa a quantidade em kg 

mantida na área da repetição durante o período e “área” representa a área total do módulo de 

pastoreio (piquete em ocupação e piquetes em descanso). A TL foi ajustada de acordo com a 

disponibilidade forrageira, mensalmente, durante as estações de primavera e verão; enquanto 

que, durante os períodos de outono e inverno, a taxa de lotação foi fixa, dependendo do 

experimento. A oferta de forragem (OF) expressa em percentual (kg MS/100 kg PC), obtida 

pela seguinte fórmula: OF = [(MFm/n)/(TLi)]*100; onde “MFm” representa a massa de 

forragem média no piquete durante o período de utilização, “n” representa o número de dias de 

ocupação do piquete e “TLi” representa a taxa de lotação instantânea do piquete. Também 

foram calculadas duas medidas de ganho por área: ganho de peso vivo (GPCd; expresso em kg 

PC/ha/dia), obtido pela multiplicação do ganho médio diário dos animais pelo número médio 

de animais mantidos na área; e o ganho de peso vivo durante a estação climática (GPCe; 

expresso em kg PC/ha), obtidos pela multiplicação do GPCd pelo número de dias de cada 

estação climática. Para obtenção dessas duas variáveis foram utilizadas as informações obtidas 

pela mensuração do ganho médio diário (GMD; kg PC/dia), calculado pela diferença de peso 

entre as pesagens dividido pelo número de dias entre as mesmas (todas pesagens foram 

realizadas sob jejum de sólidos e líquidos de 12 horas). Todas avaliações de desempenho 

individual dos animais foram realizadas em três animais por repetição, sendo os mesmos 

animais avaliados do início ao final do experimento. 

  

3.4 Comportamento ingestivo 

  

 As avaliações de comportamento ingestivo foram realizadas por 24 horas consecutivas, 

iniciando no segundo dia de ocupação do piquete de cada repetição, independente do tratamento 

(375 ou 750 GD). Para todas avaliações, o valor médio de cada variável foi obtido pela média 

de quatro animais em cada piquete, sendo esse valor do piquete considerado o valor da unidade 

experimental. Para realização das avaliações, os avaliadores foram previamente treinados para 

realizar as mensurações com a menor interferência possível no comportamento natural dos 

animais. Os mesmos ficavam posicionados ao nível do solo, em uma distância entre 5 e 10 

metros dos animais, para facilitar a visualização das atividades realizadas pelos mesmos. Além 

disso, de maneira geral, os animais apresentavam comportamento bastante calmo o que, por sua 
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vez, facilitou a realização das avaliações. Como maneira de padronizar as avaliações, foram 

utilizados quatro avaliadores por piquete, ao longo de 24 horas, de maneira que os mesmos 

pudessem realizar períodos de descanso (normalmente, dois avaliadores estavam presentes no 

piquete cada vez). 

 As variáveis mensuradas foram o tempo total de pastejo (Past; expresso em minutos por 

dia, min/dia), tempo total de ruminação (Rum; expresso em min por dia, min/dia) e tempo de 

outras atividades (Out; expresso em min por dia, min/dia). As atividades dos animais foram 

visualmente avaliadas a cada dez minutos, ao longo de consecutivas 24 horas, seguindo as 

frequências previamente indicadas por Gary et al. (1970) e Mezzalira et al. (2011). A atividade 

de pastejo foi definida como o tempo dispendido para procura e apreensão do pasto através do 

bocado (HODGSON, 1990). O tempo de ruminação foi definido como o período de tempo em 

que, após cessamento da mastigação, os animais apresentavam movimentos mandibulares do 

bolo alimentar; enquanto que o tempo de outras atividades foi considerado o período que os 

animais não estavam em pastejo ou ruminação, exercendo atividades como interações sociais, 

ingestão de água ou suplementos, ou em inatividade (FORBES, 1988). 

 As avaliações de comportamento ingestivo foram realizadas sob a mesma metodologia 

durante os anos de 2010 (quatro avaliações), 2011 (seis avaliações) e 2012 (5 avaliações); 

dessas avaliações, três foram realizadas durante o verão, quatro durante o outono, cinco durante 

o inverno e três durante a primavera. As avaliações de comportamento foram realizadas com 

novilhas de corte, peso e idade variadas (entre 12 e 24 meses) (Tabela 1). Durante as estações 

de primavera e verão, os animais receberam apenas suplementação com sal mineral e água, ad 

libitum; enquanto que, durante as estações frias, os animais receberam suplementação, 

conforme descrito a seguir. Durante a estação fria de 2010, os animais tiveram livre acesso à 

uma suplementação mineral-protéica; na estação fria de 2011, os animais receberam milho 

moído, diariamente, em uma proporção de 0,5% do PC; já em 2012, os animais receberam, 

diariamente, uma mistura de glicerol e farelo de trigo (0,15 e 0,35% do PC, respectivamente). 
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Tabela 1. Peso médio inicial (kg), idade (meses), número de novilhas avaliadas durante o ano 

e datas de realização das observações de comportamento ingestivo em uma pastagem 

natural manejada sob pastoreio rotativo. 

 2010 20111 20121 

Peso vivo 215 177 185 

Idade 18 12 12 

Animais avaliados 24 36 24 

Raça Angus Angus Angus 

Data de avaliação 

11/06 20/01 16/01 

15/08 09/04 24/03 

30/09 04/06 26/05 

17/12 19/07 07/07 

 03/09 12/09 

 18/11  
¹Nesses anos, as novilhas permaneceram nos piquetes entre 12 e 24 meses. 

 

3.5 Análises estatísticas 

3.5.1 Arranjo experimental da área 

 A área experimental compreende 22,5 hectares subdividos em seis potreiros 

retangulares (3,5 ha/cada) os quais, cada um desses, foram divididos em sete piquetes no 

tratamento 375 GD (0,5 ha/cada) e oito piquetes no tratamento 750 GD (0,5 ha/cada), para 

realizar a rotação dos tratamentos. O arranjo experimental disposto na área foi de blocos ao 

acaso, sendo o relevo (baixada, encosta e topo) utilizado como critério de bloqueamento. Além 

disso, foram utilizados dois intervalos de descanso entre pastejo (375 e 750 GD) como 

tratamentos e três repetições de área para cada tratamento. 

 

3.5.2 Análise estatística da base de dados 

 A análise conjunta foi realizada utilizando modelos mistos do programa 

estatístico SAS (v. 9.4 SAS Institute Inc., Cary, NC) em que considerou os efeitos fixos de 

formas de pastejo rotacionado e estações do ano e como efeitos aleatórios o estudo e o erro. 

Diferenças entre as médias foram determinadas usando a opção P-DIFF do comando 

LSMEANS do proc MIXED, que é baseada no teste de Fisher com F-protegido. As diferenças 

foram declaradas a 5% de probabilidade. O efeito do bloco foi adicionado como co-variável no 

modelo quando este era significativo a 10% de probabilidade. Outliers foram removidos quando 

o seu erro normalizado eram > |3| e o número total de observações apresentados nas tabelas já 
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consideram essa remoção de valores outliers. O coeficiente de correlação de Pearson entre 

variáveis foi obtido pelo procedimento CORR do SAS (v. 9.4 SAS Institute Inc., Cary, NC) e 

as significâncias foram declaradas a 5% de probabilidade. 

Além destas, com o objetivo de relatar e identificar o padrão de distribuição das 

variáveis, foi realizada uma análise de correspondência Canônica demonstrada pela utilização 

de um diagrama de ordenação. Nesse diagrama foram apresentadas as médias das variáveis para 

ambos tratamentos e suas relações com as estações climáticas, sendo essa análise realizada com 

o software PAST (HAMMER et al., 2001)  

Quanto aos dados do comportamento ingestivo, as avaliações de comportamento foram 

testadas por uma análise de variância (considerando 5% como nível de significância). Após 

essa análise, como não houveram diferenças significativas entre tratamentos (375 e 750 GD) 

para as variáveis tempo de pastejo e ruminação, todo conjunto de dados foi utilizado em um 

banco único de dados. Os dados foram agrupados por ano gerando quatro avaliações em 2010 

(4 avaliações em seis potreiros; 24 réplicas); seis avaliações em 2011 (6 avaliações em 6 

potreiros; 36 réplicas); e cinco avaliações em 2012 (cinco avaliações em seis potreiros; 30 

réplicas). Posteriormente, a base de dados foi agrupada por estação climática, gerando 12 

réplicas durante o verão, 24 réplicas no outono, 36 réplicas no inverno e 18 réplicas na 

primavera. Esse segundo agrupamento foi submetido, novamente, a uma análise de variância, 

utilizando o ano como bloco e, novamente, tempo de pastejo e tempo de ruminação não 

apresentaram diferenças significativas entre tratamentos (375 e 750 GD). Dessa maneira, pela 

similaridade no comportamento dos animais, independente de tratamento, ano ou estação 

climática, foi possível utilizar todo banco de dados para estudar a distribuição temporal e análise 

de suficiência amostral proposta nessa tese. Para isso, em todas avaliações, a unidade 

experimental utilizada é o valor médio das observações de todos animais que estavam alocados 

em cada piquete (quatro animais por piquete). 

 A partir desse banco de dados, foram estabelecidos cinco tratamentos a serem avaliados: 

controle (Control) baseado na avaliação do comportamento ao longo de 24 horas ininterruptas; 

tratamento “Sol” (DAY-SUN), baseado no período entre o nascer e o pôr do sol; tratamento 

“Luz do dia” (DAYLIGHT), baseado no período entre o alvorecer e o anoitecer; tratamento 

“Luz do dia + 2” (DAYLIGHT+2), baseado no tratamento anterior acrescido de duas horas; e 

tratamento “Amanhecer à meia-noite” (DAYLIGHTto0), baseado no período entre o alvorecer 

e a meia-noite. 
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Para determinação dos tratamentos, foram utilizados dados históricos do Instituto 

Nacional de Meteorologia (INMET) (média de 30 anos), para obtenção dos exatos horários do 

nascer e pôr do sol, em cada estação climática. Além disso, o horário de alvorecer e anoitecer 

foi estimado considerando a posição do sol como 6º acima (nascer do sol) e -6º abaixo 

(anoitecer) do horizonte, de acordo com Miguens (1996). O tratamento DAY-SUN foi 

adequado usando o horário do nascer do sol (horário inicial) e pôr do sol (horário final); o 

tratamento DAYLIGHT foi adequado usando os valores médios de alvorecer e anoitecer (em 

minutos, em cada estação), em que esse período foi adicionado aos horários de nascer e pôr do 

sol; o tratamento DAYLIGHT+2 foi estabelecido a partir do tratamento anterior e acrescido 

duas horas após o anoitecer; o tratamento DAILIGHTto0 foi adequado no horário entre o 

alvorecer e a meia-noite. Mesmo dentro dos mesmos tratamentos, houve diferença no período 

de tempo avaliado devido as diferenças entre as estações climáticas (fato esse devido as 

mudanças de fotoperíodo entre estações climáticas, alterando o horário de início e término das 

avaliações). Além disso, também foram avaliados os padrões de pastejo ao longo do dia em 

cada estação climática. Para isso, a base de dados foi separada por estação climática e os tempos 

médios de pastejo (minutos por hora), ao longo de 24 horas, foram comparados entre cada 

estação. 

Para as análises estatísticas, foi utilizado um modelo em blocos onde cada ano foi 

considerado como bloco; cada potreiro foi considerado como uma réplica (média dos animais 

do potreiro), de um total de seis réplicas em cada avaliação (15 avaliações durante três anos). 

Devido as diferenças no comprimento do dia entre as estações, as quais tiveram diferentes 

números de réplicas (18 na primavera, 12 no verão, 24 no outono e 36 no inverno), os resultados 

são apresentados separados por estação. Enquanto isso, para as análises do tempo de pastejo 

(minutos por hora durante 24 horas), foram utilizados os valores de tempo de pastejo de todas 

réplicas da base de dados. Nessa análise, os dados foram separados por estação climática e, 

utilizando os valores médios de todas réplicas em cada estação climática, foi calculada o tempo 

de pastejo (minutos por hora) em cada hora do dia; e então, foram comparados os tempos de 

pastejo em cada hora para cada estação climática. 

Inicialmente, os dados foram submetidos à análise de homogeneidade da variância e a 

normalidade dos resíduos, respectivamente (considerando 5% como nível de significância). 

Posteriormente, os dados foram submetidos à análise de variância e teste F, novamente 

utilizando 5% como nível de significância. As comparações de média foram realizadas 

utilizando o procedimento PROC MIXED (teste de Tuckey, P<0,05), incluindo no modelo os 
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efeitos de bloco (anos) e tratamentos (períodos de avaliação).  O critério utilizado para definir 

a suficiência amostral dos períodos de observação foi a equivalência do tratamento CONTROL 

com os demais tratamentos (P>0,05). Todas as análises estatísticas foram realizadas utilizando 

o software estatístico SAS (versão 9.4). 
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4. CAPÍTULO I 

 

A joint analysis of rotational grazing system on South America natural grasslands 

Capítulo baseado nas normas para submissão de artigo científico da revista Rangeland 

Ecology & Management 
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A joint analysis of rotational grazing system on South America natural grasslands 

Abstract: Improving efficiency use of natural grasslands is a critical point to maintain these 

ecosystems. Defining a system of rotational grazing (RG) which considers plant traits will 

provide farmers an important tool to manage these areas. The aim of this article was to 

perform a joint analysis from a database of RG experiments in order to evaluate forage 

characteristics and animal performance in a natural grassland. It was used seven experiments 

performed under RG method, using beef heifers between 2011 and 2014, including climatic 

season effects. There were used two rest intervals as treatments: 375 and 750 degree-days, 

based on a morphogenic trait (duration of leaf expansion) from the main grasses species. 

Forage canopy characteristics were directly related to the individual and area gains, mainly 

described by canopy height, green forage mass and mean forage mass. Gains per area had 

direct effect from average daily gain leading to an increased gain per area during spring and 

summer seasons, despite lower forage allowances during these seasons. The utilization of RG 

for natural grasslands of Pampa biome, using these two rest intervals, was extremely effective 

in order to maximize gains per area, as demonstrated by body weight gains per climatic 

season. On an annual basis, it was produced around 410 kg BW ha-1 which were generated 

using mainly natural grasslands and small inclusion of by-products, upgrading both quantity 

and quality of protein to humans. If we simulate a rearing heifers system using the available 

data provided by continuous grazing research, it would be necessary around 62 ha to raise 100 

heifers between weaning and breeding while using the RG here proposed, it would be 

necessary around 28 ha.  

Keywords: Rangelands; Grazing methods; Livestock production; Beef heifers; Pampa biome;  
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Introduction 

 The area of the Río de la Plata grasslands, at the southern portion in eastern South 

America, comprises an area of 3.4 × 106 km² at the south of Brazil, Uruguay and center-east 

Argentina, and it is one of the largest area of temperate/subtropical grasslands of the world. 

Traditionally, these areas have been used for livestock meat production since XVI century, 

moving to an agricultural expansion during XIX century (Hall et al., 1991) and an accelerated 

transformation of agricultural system since 2003 (Vega et al., 2009). Particularly, at Río de la 

Plata area, between 2000 and 2010, soybean area increased 210% and the total arable cropping 

area by 28% (Modernel et al., 2016) and, at some regions as Rio Grande do Sul state (RS, 

Brazil), there was an increase of 57% in annual croplands in the last 15 years (Silveira et al., 

2017), reducing the original rangelands area to less than 50% (Pillar and Vélez, 2010). These 

changes in lands use are a key factor for environmental problems, as increasing greenhouse 

gases (Searchinger et al., 2008) and changes in water dynamics (Gordon et al., 2008); thereby, 

ecologically intensive agriculture has been cited as a way to improve resources’ use efficiency 

and reduce the use of external inputs, improving significance of functional biodiversity 

(Bommarco et al., 2013; Tittonel, 2014). In this sense, beef cattle systems based on species-rich 

rangelands, using negligible amounts of external inputs, can be considered ecologically 

intensive models (Viglizzo et al., 2001), mainly if these systems are well managed, maintaining 

or improving ecosystem services. 

 However, the management of these rangelands is very complex due to the high floristic 

diversity and structural heterogeneity, comprising around 4000 native plant species (Bilenca 

and Miñarro, 2004), as woody plants, shrubs and hundreds of grasses and legumes. Thereby, 

Cruz et al. (2010) proposed to cluster different grass species (main grazed species) according 

to their leaf characteristics (specific leaf area and leaf dry-matter content), establishing four 

functional groups (A, B, C and D). According to it, groups A and B are composed by species 
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(mainly stoloniferous species) which use more quickly resources as water, nutrients and light 

(resource capture strategy); while groups C and D are composed by species (mainly tussock 

species) which tends to use resources more slowly, higher tissue density (conservative resource 

strategy). Then, Quadros et al. (2009; 2015) proposed to use morphogenic characteristics of 

these grasses (i.e. thermal sum for leaf expansion; Eggers et al., 2004; Machado et al., 2013) in 

order to define rest periods for the pasture, defining periods that would allow a physiological 

time for plants to recover after grazing. Rest intervals are a critical point generally not 

considered for rotational systems (Briske et al., 2008) and it is even more important to consider 

it for rotational systems in heterogeneous environments, as rangelands (Teague et al., 2015).  

 Rangelands have an extreme range of functional and spatial heterogeneity, and this 

complexity reflects to the managers and animals as highly variable forage canopy 

characteristics (Fuhlendorf et al., 2017). Animal performance of grazing animals is mainly 

determined by the nutritive value of plants available, botanical composition and animal intake 

(Dove and Mayes, 1996); Carvalho et al. (2015) concluded that a forage canopy characteristic 

(i.e. tussocks frequency), not included in the model, was one reason for failing to predict animal 

performance by intake rates and bite mass, once heifers take around 30% of their bites at 

tussocks (Bonnet et al., 2015). Several authors have used forage canopy characteristics traits to 

describe herbage and relate them with animal performance (Jochims et al., 2017; Henkin et al., 

2015; Stephenson et al., 2013), both individual and gains per area; it emphasizes the need to 

explore forage structure, even more in heterogeneous environments as rangelands, to relate it 

with livestock performance. 

 Then, we have hypothesized that using morphogenic grasses traits to define a rotational 

grazing system, it would improve primary production, maximize grazing efficiency and 

increase animal performance. Therefore, the aim of this paper was to perform a joint analysis 
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from a database of multiple rotational grazing experiments in order to evaluate herbage 

characteristics and animal performance in a natural grassland.  

Materials and methods 

Database elaboration 

This database was elaborated from seven experiments carried out at experimental site 

of Natural Grasslands Ecology Laboratory (LEPAN), from Federal University of Santa Maria 

(UFSM) (Rio Grande do Sul state - RS, Brazil). The site has a 22.5 ha area of natural grassland 

located at Central Depression region of RS, in 29º43’30” S, 53º45’33” W coordinates. The 

climate is subtropical humid, with a mean annual temperature of 19.2ºC and mean annual 

rainfall of 1770 mm, at an elevation 95 m above sea level (Moreno, 1961). 

The experiments were realized under rotational grazing method using beef heifers 

between 2011 and 2014. The experimental area was arranged in a randomized block design 

with two treatments (two rest intervals; described below) and three area replicates (six 

paddocks, three per treatment); the relief was used as criterion to block this area (lowland, 

convex slope and top). The area was divided in six paddocks (3.5-4.0 ha each) which were 

subdivided in sub-paddocks to perform the rotational management (seven sub-paddocks for 

treatment 375; eight sub-paddocks for treatment 750). The treatments were defined according 

to two different rest intervals between grazing, which were set according to the thermal sum 

accumulated over time (degree Celsius per day; DD) for leaf extension of grasses from two 

different groups (Cruz et al., 2010; described below).  

The treatments were two rest intervals between grazing, these treatments were defined 

using the mean phyllocron from two functional grasses groups. The treatment 375 DD was 

based on the accumulated temperature for elongation of 2.5 leaves per tiller of grasses of 

functional groups A and B (e.g.: Coelorhachis selloana and Paspalum notatum; Eggers et al., 
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2004). While the treatment 750 DD was based on the accumulated temperature for elongation 

of 1.5 leaves per tiller of functional groups C and D (e.g.: Aristida laevis and Saccharum trinii; 

Machado et al., 2013). The occupation period of the sub-paddock was defined by dividing the 

rest interval of each treatment by the number of sub-paddocks decreased by one (sub-paddock 

under occupation); this way, it was generated a value, in Celsius degrees, of occupation from 

each sub-paddock. Over the experiments, the mean occupation period of the sub-paddocks were 

four days (ranging from two to five days, warm season) and seven days (ranging from five to 

ten days, cool season), these fluctuations were due to the different season temperatures over 

those years. Temperature data were obtained from a weather station (National Institute of 

Meteorology – INMET) located at UFSM campus. 

The experimental management was the rotational grazing using beef heifers as 

experimental animals, which ranged from 8 to 24 months old, over the experiments (Table 1). 

The seven experiments used in this database were performed over the different climatic seasons, 

using different strategies: during the cool season (autumn/winter), the experimental area was 

managed under a fixed animal number each year and it was used different types of supplements; 

while that, during the other seasons (spring/summer), the experimental area was managed using 

variable stocking rates (using a put-and-take method), where the adjustments were made every 

time was completed a rotational cycle. The stocking rates adjustments were performed using 

4.5% body weight herbage disappearance (Heringer and Carvalho, 2002) of 70% of the leaf 

blades from the total herbage mass (Confortin et al., 2016). Besides, during cool season, when 

animals were fed daily, they received the supplement around noon time; over all experiments, 

animals had free access to mineral supplements and water. 

(Insert table 1 here) 

The variables used in this database were separated according to the data source: forage 

canopy characteristics, animal performance and animal-herbage relation variables. The forage 
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canopy characteristics were forage mass (FM; kg of dry matter (DM) per hectare (ha)), forage 

mass pre-grazing (FMe; kg DM-1 ha-1), forage mass post-grazing (FMs; kg DM-1 ha-1), canopy 

height (CH; cm), volumetric density (VD; kg-1 cm-1), green forage mass (FMg; kg DM-1 ha-1), 

senescent material mass (SM; kg DM-1 ha-1), crude protein (CP; %) and neutral detergent fiber 

(NDF; %). The variable which expressed animal performance was the average daily gain (ADG; 

kg of body weight (BW) per day) while the animal-herbage variables were forage allowance 

(FA; expressed as % BW), stocking rate (SR; kg BW-1 ha-1), body weight gain (BWGs; kg BW 

ha-1 per climatic season; or kg BW ha-1 day-1 (BWGd)). 

Forage mass was evaluated, in all experiments, from sampling one representative sub-

paddock of each replicate. The FM sampling was performed using the methodology proposed 

by Haydock and Shaw (1975), based on a visual estimative calibrated with a double sampling 

technique with 20 visual estimates and six cuts at the ground level, using a 0.25m² quadrat. 

From the cut samples, three subsamples were used to perform the forage canopy characteristics 

evaluation, through the separation of structural components of herbage as: green leaves and 

stems (FMg; kg DM-1 ha-1), SM and other species (species not belonging to Poaceae family). 

After separated, structural components were taken to a forced air oven until reaching constant 

weight and, after that, samples were weighed and values expressed as kg DM per hectare. 

Besides, forage mass was evaluated at two moments: before the animals started to graze the 

representative sub-paddock (FMe) and after animals left the sub-paddock (FMs). Furthermore, 

at the same FM evaluation sites, it was performed the canopy height evaluations using a 

graduated rule (measuring three points inside the 0.25m² quadrat); the value of VD was obtained 

through the division between FM value and mean canopy height. 

The forage nutritive values were determined from grazing simulation samples (Euclides 

et al., 1992). After collected samples, it was performed the separation of structural components 

(leaves, stems, senescent material and other species) which were dried at forced air oven until 
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reaching constant weight; after that, leaves were grounded in Willey mil, using two millimeters 

sieve. From these samples, it was determined the NDF content (Van Soest and Robertson, 1985) 

and crude protein from the determination of total nitrogen (AOAC, 1975). 

The herbage-animals relation variables were SR calculated as: SR = (BWt/area); where 

“BWt” represents the total amount of body weight kept in the paddock area and “area” 

represents the total area of each paddock. The SR was adjusted according to the forage 

availability, every time it was completed a paddock cycle in each replicate, during spring and 

summer seasons. The FA was calculated as: FA = [(FMm/n)/SRi)]*100; where “FMm” 

represents the mean forage mass; “n” represents the occupation period of the sub-paddock and 

“SRi” represents the instantaneous stocking rate of the sub-paddock. It was also calculated the 

area gain variables as BWGd obtained by multiplication of ADG by the mean number of 

animals kept in the area; and BWGs obtained by multiplication of BWGd by the number of 

days of each climatic season.  

These last two variables were calculated using the data obtained by measuring the ADG 

(which was calculated by the weight difference between weighings by the number of days 

between them); for weighings, the animals were kept in water and solids fasting for an average 

of 12 hours, and measurements were performed early in the morning. All animal performance 

evaluations were realized in three animals per replicate, where it was used the same animals 

during each experiment. 

From all these data, it was elaborated a common database using an electronic EXCEL 

spreadsheet. Initially, data were integrally tabulated in the spreadsheet, including all variables 

collected over the experiments from each experimental period. Following, it was calculated the 

averages for each variable for climatic season; generally, in each climatic season, it was realized 

three experimental periods which, in turn, the average of these periods composed the 

experimental unit. After that, it was chosen the variables previously described (which were 
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common to all experiments) and all performed under the same methodology, then these were 

used to perform the statistical analyses and compare the treatments. 

 

Experimental design 

 The experimental site has a 22.5 ha area subdivided in six rectangular paddocks (3.5-

4.0 ha/each) which were subdivided in seven sub-paddocks (375 DD treatment; 0.5 ha/each) 

and eight sub-paddocks (750 DD treatment; 0.5 ha/each), in order to perform the rotational 

management. The experimental arrangement set in this area was a randomized block design, 

using the relief as blocking criteria (lowland, convex slope and top). Furthermore, it was used 

two grazing rest intervals as treatments (375 and 750 DD) and three area replicates for each 

treatment.   

 

Data analyses 

The data were analyzed using mixed models of SAS statistical software (v. 9.4 SAS 

Institute Inc., Cary, NC) in which rotational grazing and climatic seasons were considered fixed 

effects and experiments and experimental error random effects, as described in the following 

model: 

Yijk = μ + Pi + Ej + Pi × Ej + εijk 

Where: Yijk = dependente variable; μ = overall mean; Pi = fixed effect of ith rotational method; 

Ej = fixed effect of jth climatic season; E × Pij = interaction between treatments and climatic 

seasons; e εijk = residual error, assuming ~ iidN (0, σ2
e). 

 Due to the variations across experiments, the experiment effect was included in the 

model in the RANDOM statement of PROC MIXED (ST-PIERRE, 2001). Because the means 

were obtained from the same N across experiments and the experiments were conducted at the 

same facilities and pastures, under a similar experiment design, we did not weight the means in 
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the analyses by the WEIGHT statement. Differences between means were determined using P-

DIFF option of LSMEANS statement of PROC MIXED, which is based on Fisher´s F-protected 

at least significant difference test; all differences were considered significant at 5% of 

probability. The effect of relief blocks was included as co-variable in the model, when 

significant at 10% probability. Moreover, outliers were removed when its Studentized residual 

errors ploted against the predicted means were out of ± 3 (SAUVANT et al., 2008); the total 

number of observations presented in the descriptive tables considered the outliers exclusion. 

Pearson correlation coefficient between variables was tested using CORR procedure of SAS (v. 

9.4 SAS Institute Inc., Cary, NC) and significances were considered at 5% probability. 

 Subsequently, multiple regression determined which parameter, among the variables 

with biological relationship, that better predicted the FMg, FA, SR, BWGd, BWGs and ADG. 

Analysis was performed using the REG stepwise statement of SAS (v. 9.4) and significance 

was considered at 5%. Prediction regressions were analysed using the MIXED procedure of 

SAS (v. 9.4), considering the experiments as a random effect. The equations’ intercepts and 

slopes were estimated using the ESTIMATE statement from the MIXED procedure. 

Furthermore, to identify and relate the distribution patterns of variables, it was 

performed a Canonical correspondence analysis onto the ordination diagram all variables used, 

treatments, and climatic season. The analysis was performed using PAST statistical software 

(Hammer et al., 2001). 

 

Results 

 First, it was presented the summary of the studies used in the database, presenting 

number of observations (N), mean, median, minimum and maximum values, and standard error 

for each variable showed in this paper (Table 2). There were no treatments × climatic seasons 

interaction (P>0.05) for all forage canopy characteristics and forage nutritive values variables 



35 
 
(FMm, FMe, FMs, FMg, SM, CP, NDF, CH and VD; Table 3). There was a significant 

treatment effect for all variables that described forage mass (mean, pre-grazing, post-grazing, 

green components and senescent material) where these variables were always greater in 750 

DD treatment. Besides, there was climatic season effect (P<0.05) for FMg and SM over the 

years, where FMg was decreasing from summer towards winter season and SM was lower 

during summer season and similar over the other seasons (both treatments). Otherwise, there 

was no climatic season effect for FMm, FMe, FMs, CP and FDN (P>0.05); however, there was 

a climatic season effect for CH and VD (P<0.05) where CH and VD had the same pattern for 

both treatments: greater during summer and autumn seasons, intermediate in spring and lower 

during winter. 

(Insert table 2 here) 

(Insert table 3 here) 

 There was a treatments × climatic seasons interaction (P<0.05) for FA and ADG (Table 

4). Forage allowance was greater during autumn and winter seasons in 375DD treatment; 

similar values were obtained during spring and summer in 375DD treatment as well as in 

summer season for treatment 750DD. The FA was intermediate during spring season in 750DD 

treatment and the lowest FA values were achieved during autumn and winter for 750DD 

treatment. While that, ADG was greater during spring and summer seasons in 375DD treatment; 

intermediate ADG values were achieved during spring, summer and winter for 750DD 

treatment while reduced ADG values were achieved during winter season in 375DD treatment. 

The lowest ADG values were found during autumn season for both treatments. 

Furthermore, there was no treatments × climatic seasons interaction (P>0.05) for the 

other animal and herbage-animal relation variables (SR, BWGs and BWGd; Table 4). There 

was a climatic season effect (P<0.05) for BWGs and BWGd; these variables had the same 
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distribution pattern over climatic seasons, where these gains per area were greater during spring 

and summer seasons and lower during autumn and winter. 

(Insert table 4 here) 

Moreover, multivariate analysis, demonstrated through an ordination analysis, was used 

to show the distribution pattern of variables over climatic seasons (Fig. 1); in the ordination 

diagram, the variability of these effects was synthesized in the first two axis (78.9% axis X; 

16% axis Y). Analyzing the ordination diagram, it was clearly possible to separate, through axis 

X (largest contribution), the warm from cool seasons; besides, seasons were allocated each one 

by quadrant and relative variables were also related by quadrant. The correlation coefficients 

of seasons with axis X were 0.41, 0.48, -0.37 and -0.49, respectively for spring, summer, 

autumn and winter; while the correlation coefficients of seasons with axis Y were -0.28, 0.35, 

0.25 and -0.26, respectively for spring, summer, autumn and winter. During winter, SM was 

the variable most related with this season with a correlation with axis X of -0.15 and axis Y of 

-0.07; during autumn, variables as FA, FMm, FMs and CH were placed in the same quadrant, 

correlation with axis X of -0.31, -0.09, -0.009 and -0.03, respectively and, with axis Y of 0.02, 

0.02, 0.003 and 0.13, respectively. Otherwise, variables as ADG, BWGs, BWGd, VD, CP and 

FMe were related to spring season, allocated in the same quadrant with correlations of 0.27, 

0.59, 0.59, 0.05, 0.11 and 0.03, respectively (axis X) and -0.09, -0.02, -0.02, -0.10, -0.02 and -

0.02, respectively (axis Y); while, during summer, FMg and NDF were the variables most 

related with this season, with correlations of 0.07 and 0.06, respectively (axis X) and 0.15 and 

0.006, respectively (axis Y). 

(Insert Figure 1 here) 

 Besides, it was calculated the Pearson correlation coefficients between all variables 

(Appendix A). The results that stood out were the significant correlations between BWGs and 

BWGd with CP (r=0.443, p=0.0002), NDF (r=0.266, p=0.032), VD (r=0.307, p=0.012), FMs 
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(r= -0.357, p=0.005), CH (r= -0.392, p=0.001) and FA (r= -0.341, p=0.003); the correlations 

between SR and VD (r=0.369, p=0.002), CP (r=0.390, p=0.001), NDF (r=0.321, p=0.009), CH 

(r= -0.277, p=0.026) and FMs (r= -0.434, p=0.001). Other important correlations were between 

ADG and VD (r=0.241, p=0.05), FMm (r= -0.249, p=0.05) and CH (r= -0.339, p=0.006); FA 

had significant correlations with CP (r=0.478; p<0.001), CH (r=0.235, p=0.05; r=0.437, 

p=0.0003, respectively) and SM (r=0.522 and r=0.563, respectively; p<0.01). Moreover, FA 

had significant correlations with NDF (r= -0.277, p=0.025) and VD (r=0.247, p=0.045). 

 Furthermore, multiple regression were estimated to predict some response variables 

(FMg, FA, SR, BWGd, BWGs and ADG) (Table 5). The FMg had positive influence of CH 

and VD (P<0.01; r² model = 0.49), FA had positive influence of VD and negative of SM 

(P<0.01; r² model = 0.35) and SR had positive influence of VD, CP and NDF (P<0.01; r² model 

= 0.45). Moreover, gain per area variables had the better prediction models, where BWGd and 

BWGs were positively influenced by VD and FMg and negatively influenced by FMs (P<0.01; 

r² model = 0.63); while ADG was negatively influenced by FMe and positively influenced by 

FMg (P<0.01; r² model = 0.5). 

(Insert table 5 here) 
 

 

Discussion 

 Forage canopy characteristics were directly related to the individual and area gains in 

our database. For instance, the greater CH for 750DD treatment, which favors tussock grasses 

with low specific leaf area and high dry matter content, was linked to greater SM and FMg for 

750DD treatment. However, the FMg ratio (FMg/FMm, %) was similar between treatments 

(38.6 and 37.9 %, 375 and 750DD, respectively), generating the equivalents SR between 

treatments, due to the use of green herbage allowance as stocking criteria, as preconized in other 

rotational grazing study (Badgery et al., 2017a). Furthermore, CH was mainly greater during 

autumn periods that, associated with those previous forage canopy characteristics 
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characteristics, may have influenced the optimization of animals diet, once factors as FMs 

(Fulkerson and Slack, 1994), spatial variability (Badgery et al., 2017b) and structure of FMg 

and SM (Cox et al., 2017) have negative impact on the animal performance. On the same line 

of thought, other forage canopy characteristics variables (FMe and FMg) were able to predict 

ADG in a model (r² = 0.50); interestingly, FMe had a negative influence on ADG, as claimed 

by Sollenberger and Vanzant (2011), but its influence was only 35 % of FMg. 

 Other forage canopy trait that had an important influence of treatments was FMm (as 

well as FMe and FMs), where FMm was greater in 750DD treatment as expected. The longest 

grazing interval favors the development of resource conservation species which, in turn, have 

high dry matter content and low specific leaf area and, moreover, this grazing interval 

encompass the necessary period to expand 2.5 leaves of groups A and B, increasing total 

herbage mass in these paddocks. However, FMg ratio was similar between treatments and high 

SM in 750DD treatment, which agrees with the results found, in this same experiment, by 

Confortin et al. (2016) where Aristida laevis (conservative resource specie) had the greatest leaf 

senescence; Machado et al. (2013) and Santos et al. (2013) also found similar results for 

conservative resources species. Even though, maintaining high FM is a very important 

management criterion, in doing so, it was possible to keep high SR during cool season. This 

high fiber volume (even with low forage quality) coupled with supplements, turns it possible to 

have reasonable individual gains (targeting gains for rearing heifers). Nonetheless, keeping high 

FM it is a relevant manner to sequestrate carbon in soil (Franzluebers and Stuedemann, 2009), 

fulfilling one of the natural grasslands ecosystem functions. There are reports of C sequestration 

rates around 0.48 Mg.ha¹ per year (Bayer et al., 2006) in subtropical soils from Southern Brazil, 

using no-till management; Conceição et al. (2007) estimated a soil C content around 140 Mg.ha¹ 

in an experiment performed in Pampa biome, using different FA for several years (FMm and 

FA values reported by these authors were lower than values reported in our database). 



39 
 
Furthermore, in an experiment conducted in our experimental site, between 2014 and 2015, net 

ecosystem productivity ranged among 181.52 gC.m-².year-¹ and 560.5 gC.m-².year-¹, indicating 

this system as a carbon sink (Acosta et al., 2016).  

 In order to balance these herbage shortcomings during cool season, using 

supplementation was the strategy to complement the animal nutrients requirements and 

supplements were chosen every year according to regional price availability, simulating a 

ranch-scale situation. Then, even CP was lower during cool season, it was not limiting to 

microbial rumen growth but the forage canopy characteristics and the high fiber content would 

limit to achieve the individual gains obtained, reinforcing the need to use nutritional 

supplementation during this period, either protein or energy supplements. Then, using this 

strategy enabled the ADG that, added to SR, promoted a body weight gain during the cool 

season above the RS state average and higher than values normally achieved in experimental 

sites (Soares et al., 2005; Neves et al., 2009; Mezzalira et al., 2012 and Soares et al., 2015). 

Livestock production has been directly accountable to be inefficient and misusing earth 

resources (HSI, 2011), however according to Godfray et al. (2010) and Gerber et al. (2013) the 

production efficiency per area (considering environmental and cultural factors) is a more 

appropriate strategy to pursue. 

The utilization of rotational grazing for natural grasslands of Pampa biome, using two 

rest intervals (375 and 750DD), was extremely effective in order to maximize gains per area, 

as demonstrated by BWGs and BWGd. Natural grasslands of Pampa biome have been largely 

reduced over the last two decades, mainly replaced by annual crops (soybean, mostly), 

increasing its area in 57% from 2000/2001 to 2014/2015 (Silveira et al., 2017); furthermore, 

rangelands vegetation vigor over areas of Brazil and Uruguay have been reduced in the last two 

decades, mainly due to droughts and overgrazing (Wagner et al., 2013). These changes are 

mainly due to the low animal production indexes over this area combined with changing models 
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of business, as replacement of land property from the beef cattle raising model to the land 

leasing model (Pizzato, 2013). However, there are several limitations about replacing these 

natural areas to annual croplands, either from ecological perspectives – mainly water provision 

and carbon storage (Overbeck et al., 2015) – as from social perspectives – property 

concentration, oppression against small farmers and enlarging migration of people to cities 

(Kohlhepp, 2010). 

 Then, our results represent an important tool for farmers to improve their animal 

production indexes using relatively small areas. Anyway, there were no differences between 

the treatments, only climatic season effects for gains per area, indicating that both treatments, 

regardless of season, were capable of increasing the current usage levels of these grasslands at 

a farm-scale (SENAR/SEBRAE/FARSUL, 2005). This similarity between treatments were due 

to the stocking rates adjustments that were realized at the same way for both treatments, 

considering the same levels of forage disappearance (4.5% of BW, using 70% of FMg), with 

no changes in floristic composition of the natural grassland (Seibert, 2015) . However, when it 

was evaluated the FA, there was a treatment effect where FA values were greater for 375DD 

treatment, demonstrating that the range of this variable in our data, made it not effective to 

explain the gains per area, also shown as negative Pearson correlation coefficients between 

gains per area and FA. Rouquette (2016) showed in his work that FA has a 2-plane relationship 

with ADG, showing that from a given point FA has no linear relation with gains, as shown in 

our work; besides, when multiple regressions were tested to predict ADG, forage allowance 

had any influence in ADG results, only FMg positively and FMe negatively.  

 Of course, gains per area are a function of SR and ADG; although SR had any effect of 

treatment or season, this result had a significant positive correlation with gains per area 

(r=0.701, p<0.01). Then, gains per area had direct effect from ADG (variable that had an 

interaction treatments × climatic seasons) leading to an increased gain per area during spring 
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and summer seasons. Nonetheless, the lack of difference between SR over seasons it was a 

clearly effect of using supplementation during winter season that allowed to keep high SR with 

considerable ADG, even during a season where the forage canopy characteristics was worse 

than in other seasons, proven by the lowest value of FMg. Similar results also occurs in tropical 

grasses where swards under rotational grazing have lower leaf proportion and greater SM (Da 

Silva et al., 2009), reducing forage nutritive value and animal performance (Da Silva and 

Nascimento Júnior, 2007). Anyway, SR has to be carefully considered once it is considered a 

key management factor to maximize ranchers’ profits and maintenance of rangeland 

functionality (Teague et al., 2009; Ritten et al., 2010).  

 While that, ADG had the lowest values during autumn periods for both treatments, 

although during this period there were no significant changes in forage canopy characteristics 

and/or forage nutritive values (as shown as FMg, CH, VD, CP and NDF). However, samples 

used to measure forage nutritive value were collected by grazing simulation and ruminants have 

a great selectivity capacity, where the forage nutritive value consumed is greater than that of 

total herbage offered (Sollenberger and Burns, 2001). Structural components could have a 

detrimental performance, during this season, due to the time spent to search and manipulate the 

diet, as hypothesized by Carvalho et al. (2015) (where it was also demonstrated low ADG 

during autumn season). Moreover, forage canopy characteristics described here may not be 

capable of describing accurately the changes that occurred during this season in a very 

heterogeneous sward as here described; in this type of grassland, heifers can perform 22 

different bite types with bite masses ranging from 0.01 to 4.025 g DM-1 (Carvalho, 2013).  

 Briske et al. (2008) had concluded there was no advantage to use rotational grazing 

instead of continuous grazing in both plant and animal production. In contrast, Teague et al. 

(2013) claimed that rotational grazing was more effective when conducted at farm-scale and 

Wang et al. (2016), whose modeled grazing methods, claimed that rotational grazing could 
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maintain or improve rangeland condition at higher stocking rates. However, most part of 

experiments used for Briske and coauthors did not consider herbage characteristics to define 

rotational criteria (rest and occupation periods, for instance) and, most part of them had no 

stocking rates adjustments. The results obtained in our database, from experiments which 

considered these points, as herbage physiological traits to manage the rangeland, turns it 

possible to considerably increase gains per area, which were predicted by multiple regressions 

through forage canopy characteristics (VD and FMg, positively; FMs, negatively; r²=0.63). 

Particularly, FMg is directly related to rest intervals criteria (leaf expansion) for both 

treatments. As observed by Confortin et al. (2016), in the same experimental site indicated, 

FMg was an adequate variable to adjust stocking rates in a rotational grazing method using 

these rest intervals criteria. Another important result was the negative influence of FMs on gains 

per area, confirming the importance of the restricted occupation period through using an 

adjustable number of paddocks (Teague et al., 2015) to maximize rangelands’ utilization 

efficiency. 

 

Management Implications 

 There are important management implications that can be implied from our results, as 

relationships between forage canopy characteristics and individual performance as well as 

forage nutritive value and gains per area, for instance. However, the main management 

implication provided by our experimental design is a management strategy where farmers can 

increase the rangelands utilization efficiency providing ecosystem services, as maintaining 

biodiversity and carbon sequestration (Soussana et al., 2007; Kremen and Miles, 2012). On an 

annual basis, it was produced around 411 kg BW ha-1  which were generated using mainly 

natural grasslands (not edible for human consumption) and small inclusion of by-products, 

which upgrading of both quantity and quality of protein to humans compared to use plant 
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materials directly as human foods (Patel et al., 2017). These facts are in agreement with some 

authors (Bommarco et al 2013; Tittonell, 2014) which indicated “ecologically intensive 

agriculture” as a way to increase resources’ use efficiency and reduce the use of external inputs, 

by increasing reliability on functional diversity. 

 Despite all that, it is necessary to take this data to a farm-scale and simulate what could 

be done for farmers who managed these grasslands. For instance, if we simulate a rearing 

heifers system using the actual data provided by continuous grazing research (Soares et al., 

2005; Neves et al., 2009; Mezzalira et al., 2012), it would be necessary around 62 hectares to 

raise 100 heifers between weaning (7 months old; 160 kg BW) and breeding (24 months old; 

347 kg BW). On the other hand, if we simulate the same situation using the results demonstrated 

in our database, it would be necessary around 28 hectares; gains per area for continuous system 

would remain around 226 kg BW ha-1 year-1  while using rotational system would represent 

around 411 kg BW ha-1 year-1. Anyway, both methods are capable of greatly improving the 

current situation of animal production in these grasslands and, actually, these methods 

complement each other. There are considerable costs to implement a multi-paddock system 

which makes it not so simple to implement in a total farm-scale; however, our proposal is to 

give farmers a strategy to use on a portion of their farm, concentrating animals in small areas 

where, for instance, farmers could differ other areas to increase forage mass for drought periods 

or promote natural seeding (Lemaire et al., 2009; Anderson et al., 2011). Using the same 

situation simulated before, each hectare in the rotational grazing system would allow differing 

2.21 ha in the remaining areas, providing an important strategy to manage rangelands in a farm-

scale. 

 

References 



44 
 
Acosta, R., Roberti, D.R., Rubert, Gisele C., Diaz, M.B., Moraes, O.L.L., 2016. Long term CO2 

Flux measurements over a Pampa's biome: Three years of eddy covariance data. In: XIX 

Congresso Brasileiro de Meteorologia, João Pessoa - PB. Anais do XIX Congresso Brasileiro 

de Meteorologia, 2016. 

Anderson, D.L., Bonvissuto, G.L., Brizuela, M.A., Chiossone, G., Cibils, A.F., Cid, M. S., 

Feldman, I., Grecco, R.F., Kunst, C., 2011. Perspectives on rangeland management education 

and research in Argentina. Rangelands, 33 (1), 2–12. 

http://DOI:10.2458/azu_rangelands_v33i1_anderson 

AOAC, 1975. Official methods of analysis. Twelfth ed. Association of Official Analytical 

Chemists, Washington, DC 

Badgery, W., Millar, G., Broadfoot, K., Martin, J., Pottie, D., Simmons, A., Cranney, P., 2017 

(a). Better management of intensive rotational grazing systems maintains pastures and improves 

animal performance. Crop Pasture Sci, 68, 1131–1140, http://dx.doi.org/10.1071/CP16396 

Badgery, W.B., Millar, G.D., Broadfoot, K., Michalk, D.L., Cranney, P., Mitchell, D., Van de 

Ven, R., 2017 (b). Increased production and cover in a variable native pasture following 

intensive grazing management. Anim Prod Sci, 57, 1812-1823. 

https://doi.org/10.1071/AN15861 

Barbieri, C.W. 2013. Utilização de dois intervalos de descanso entre pastoreios em pastagem 

natural com novilhas de corte na estação quente. 97 p. BSc thesis (Animal Science) – 

Universidade Federal de Santa Maria, Brazil. 

http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Cezar_Wancura_Barbieri_Dissertao

_de_Mestrado.pdf 

http://DOI:10.2458/azu_rangelands_v33i1_anderson
http://dx.doi.org/10.1071/CP16396
https://doi.org/10.1071/AN15861
http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Cezar_Wancura_Barbieri_Dissertao_de_Mestrado.pdf
http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Cezar_Wancura_Barbieri_Dissertao_de_Mestrado.pdf


45 
 
Bayer, C., Martin-Neto, L., Mielniczuk, J., Pavinato, A., Dieckow, J., 2006. Carbon 

sequestration in two Brazilian Cerrado soils under no-till. Soil Till Res, 86, 237-245. 

http://dx.doi.org/10.1016/j.still.2005.02.023 

Bilenca, D., Miñarro, F., 2004. Identificación de Áreas Valiosas de Pastizal (AVPs) en las 

Pampas y Campos de Argentina, Uruguay y sur de Brasil. First ed. Fundación Vida Silvestre 

Argentina, Buenos Aires 

Bommarco, R., Kleijn, D., Potts, S.G. 2013. Ecological intensification: harnessing ecosystem 

services for food security. Trends Ecol Evol, 28, 230–2388 

https://doi.org/10.1016/j.tree.2012.10.012 

Bonnet, O.J.F., Meuret, M., Tischler, M.R., Cezimbra, I.M., Azambuja, J.C.R., Carvalho, 

P.C.F., 2015. Continuous bite monitoring: a method to assess the foraging dynamics of 

herbivores in natural grazing conditions. Anim Prod Sci, 55, 339–349. 

http://doi:10.1071/AN14540 

Briske, D.D., Derner, J.D., Brown, J.R., Fuhlendorf, S.D., Teague, W.R., Havstad, K.M., 

Gillen, R.L., Ash, A.J., Willms, W.D., 2008. Rotational grazing on rangelands: reconciliation 

of perception and experimental evidence. Rangeland Ecol Manag, 61, 3-17. 

https://doi.org/10.2111/06-159R.1 

Carvalho, P.C.F., Bremm, C., Mezzalira, J.C., Fonseca, L., Trindade, J.K., Bonnet, O.J.F., 

Tischler, M., Genro, T.C.M., Nabinger, C., Laca, E.A., 2015. Can animal performance be 

predicted from short-term grazing processes? Anim Prod Sci, 55, 319-327. 

https://doi.org/10.1071/AN14546 

Carvalho, P.C.F. 2013. Harry Stobbs Memorial Lecture: can grazing behavior support 

innovations in grassland management? Trop Grasslands, 1, 137-155. 

https://doaj.org/article/e8cb49f40c8b48639934e1e28aea335e 

http://dx.doi.org/10.1016/j.still.2005.02.023
https://doi.org/10.1016/j.tree.2012.10.012
http://doi:10.1071/AN14540
https://doi.org/10.2111/06-159R.1
https://doi.org/10.1071/AN14546
https://doaj.org/article/e8cb49f40c8b48639934e1e28aea335e


46 
 
Carvalho, T.H.N. 2011. Comportamento ingestivo de novilhas e terneiras de corte recriadas em 

campo nativo no período de outono-inverno. 72 p. BSc thesis (Animal Science) – Universidade 

Federal de Santa Maria, Brazil. 

http://repositorio.ufsm.br/bitstream/handle/1/10773/CARVALHO%2c%20THIAGO%20HEN

RIQUE%20NICOLA%20DE.pdf?sequence=1&isAllowed=y 

Casanova, P.T. 2016. Alternativas de suplementação para recria de novilhas de corte em 

pastagem natural visando peso para o acasalamento. 76 p. BSc thesis (Animal Science) – 

Universidade Federal de Santa Maria, Brazil. 

http://repositorio.ufsm.br/bitstream/handle/1/10904/CASANOVA%2c%20PEDRO%20TRIN

DADE.pdf?sequence=1&isAllowed=y 

Conceição, P.C., Bayer, C., Castilhos, Z.M.S., Mielniczuk, J., Guterres, D.B., 2007. Estoques 

de carbono orgânico num Chernossolo Argilúvico manejado sob diferentes ofertas de forragem 

no Bioma Pampa Sul-Riograndense. In: Anais do 31º Congresso Brasileiro de Ciência do Solo, 

Gramado, Rio Grande do Sul, Brasil. 

Confortin, A.C.C., Quadros, F.L.F., Santos, A.B., Seibert, L., Severo, P.O., Ribeiro, B.S.R., 

2016. Leaf tissue fluxes of Pampa biome native grasses submitted to two grazing intervals. 

Grass Forage Sci, 71,  654-662. https://doi:10.1111/gfs.12261 

Cox, F., Badgery, W., Kemp, D., Krebs, G., 2017. Seasonal diet selection by ewes grazing 

within contrasting grazing systems. Anim Prod Sci, 57, 1824-1836. 

https://doi.org/10.1071/AN16722 

Cruz, P., Quadros, F.L.F., Theau, J.P., Frizzo, A., Jouany, C., Duru, M., Carvalho, P.C.F., 2010. 

Leaf traits as functional descriptors of the intensity of continuous grazing in native grasslands 

in the south of Brazil. Rangeland Ecol Manag, 63, 350–358. https://doi.org/10.2111/08-016.1 

http://repositorio.ufsm.br/bitstream/handle/1/10773/CARVALHO%2c%20THIAGO%20HENRIQUE%20NICOLA%20DE.pdf?sequence=1&isAllowed=y
http://repositorio.ufsm.br/bitstream/handle/1/10773/CARVALHO%2c%20THIAGO%20HENRIQUE%20NICOLA%20DE.pdf?sequence=1&isAllowed=y
http://repositorio.ufsm.br/bitstream/handle/1/10904/CASANOVA%2c%20PEDRO%20TRINDADE.pdf?sequence=1&isAllowed=y
http://repositorio.ufsm.br/bitstream/handle/1/10904/CASANOVA%2c%20PEDRO%20TRINDADE.pdf?sequence=1&isAllowed=y
https://doi:10.1111/gfs.12261
https://doi.org/10.1071/AN16722
https://doi.org/10.2111/08-016.1


47 
 
Da Silva, S.C., Bueno, A.A.O., Carnevalli, R.A., Ubele, M.C., Bueno, F.O., Hodgson, J., 

Morais, J.P.G., 2009. Sward structural characteristics and herbage accumulation of Panicum 

maximum cv. Mombaça subjected to rotational stocking managements. Sci agric, 66 (1), 8-19. 

http://dx.doi.org/10.1590/S0103-90162009000100002 

Da silva, S.C., Nascimento Júnior, D. 2007. Avanços na pesquisa com plantas forrageiras 

tropicais em pastagens: características morfofisiológicas e manejo do pastejo. Rev Bras 

Zootecn, 36, 122-138. http://dx.doi.org/10.1590/S1516-35982007001000014 

Dove, H., Mayes, R.W., 1996. Plant wax components: A new approach to estimating intake and 

diet composition in herbivores. J Nutr, 126, 13-26. https://doi.org/10.1093/jn/126.1.13 

Eggers, L., Cadenazzi, M., Boldrini, I.I., 2004. Phyllochron of Paspalum notatum FL. and 

Coelorhachis selloana (HACK.) camus in natural pasture. Sci Agrıc, 61 (4), 353–357. 

http://dx.doi.org/10.1590/S0103-90162004000400001 

Euclides, V.P.B., Macedo, M.C.M., Oliveira, M.P., 1992. Avaliacão de diferentes métodos de 

amostragens sob pastejo. Rev Bras Zootecn, 21, 691–702.  

Franzluebbers, A.J., Stuedemann, J.A., 2009. Soil-profile organic carbon and total nitrogen 

during 12 years of pasture management in the Southern Piedmont USA. Agr Ecosyst Environ, 

129, 28–36. https://doi.org/10.1016/j.agee.2008.06.013 

Fuhlendorf, S.D., Fynn, R.W.S., McGranahan, D.A., Twidwell, D. 2017. Heterogeneity as the 

Basis for Rangeland Management, in: Briske, D.D. (Ed.), Rangeland Systems – processes, 

management and challenges. Springer Open, Cham, pp. 169-196.  

Fulkerson, W.J., Slack, K., 1994. Leaf number as a criterion for determining defoliation time 

for Lolium perenne. 1. Effect of water-soluble carbohydrates and senescence. Grass Forage Sci, 

49, 373–377. http://doi:10.1111/j.1365-2494.1994.tb02013.x 

http://dx.doi.org/10.1590/S0103-90162009000100002
http://dx.doi.org/10.1590/S1516-35982007001000014
https://doi.org/10.1093/jn/126.1.13
http://dx.doi.org/10.1590/S0103-90162004000400001
https://doi.org/10.1016/j.agee.2008.06.013
http://doi:10.1111/j.1365-2494.1994.tb02013.x


48 
 
Garagorry, F.C. 2012. Alternativas de manejo de pastagem natural submetida a pastoreio 

rotativo. 210 p. PhD thesis (Animal Science) – Universidade Federal de Santa Maria, Brazil. 

http://repositorio.ufsm.br/bitstream/handle/1/4331/GARAGORRY%2c%20FABIO%20CERV

O.pdf?sequence=1&isAllowed=y 

Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A., 

Tempio, G., 2013. Tackling climate change through livestock: a global assessment of emissions 

and mitigation opportunities. Food and Agriculture Organization of the United Nations (FAO), 

first ed. Rome, Italy. 

Godfray, H.C.J., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F., Pretty, J., 

Robinson, S., Thomas, S., Toulmin, C., 2010. Food security: the challenge of feeding 9 billion 

people. Science, 327, 812–818. http://DOI:10.1126/science.1185383 

Gordon, L.J., Peterson, G.D., Bennett, E.M., 2008. Agricultural modifications of hydrological 

flows create ecological surprises. Trends Ecol Evol, 23 (4), 211-219. 

http://10.1016/j.tree.2007.11.011 

Heringer, I., Carvalho, P.C.F., 2002. Ajuste da carga animal em experimentos de pastejo: uma 

nova proposta. Ciênc Rural, 32, 675–679. http://dx.doi.org/10.1590/S0103-

84782002000400021. 

Hall, A.J., Rebella, C., Ghersa, C., Culot, J., 1991. Field crop systems of the Pampas. In: 

Pearson, C.J. (Ed.), Field Crop Ecosystems. Ecosystems of the World, vol. 19. Elsevier, 

Amsterdam. 

Hammer, O.; Harper, D.A.T., Ryan, P.D., 2001. PAST: Paleontological Statistic software 

package for education and data analysis. Paleont Eletr, 4 (1): 1-9. http://palaeo-

electronica.org/2001_1/past/issue1_01.htm 

http://repositorio.ufsm.br/bitstream/handle/1/4331/GARAGORRY%2c%20FABIO%20CERVO.pdf?sequence=1&isAllowed=y
http://repositorio.ufsm.br/bitstream/handle/1/4331/GARAGORRY%2c%20FABIO%20CERVO.pdf?sequence=1&isAllowed=y
http://DOI:10.1126/science.1185383
http://10.0.3.248/j.tree.2007.11.011
http://dx.doi.org/10.1590/S0103-84782002000400021
http://dx.doi.org/10.1590/S0103-84782002000400021
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm


49 
 
Haydock, K.P., Shaw, N.H. 1975. The comparative yield method for estimating dry matter yield 

of pasture. Aust J Exp Agr, 15 (76), 663-670. https://doi.org/10.1071/EA9750663 

Henkin, Z., Ungar, E.D., Perevolotsky, A., Gutman, M., Yehuda, Y., Dolev, A., Landau, S.Y., 

Sternberg, M., Seligman, N.G., 2015. Long-term trade-offs between herbage growth, animal 

production and supplementary feeding in heavily grazed Mediterranean grasslands. Rangeland 

Ecol Manag, 68, 332–340. https://doi.org/10.1016/j.rama.2015.05.003 

Humane Society International (HSI), 2011. An HSI Report: The Impact of Animal Agriculture 

on Global Warming and Climate Change. 

http://www.humanesociety.org/assets/pdfs/farm/hsus-the-impact-of-animal-agriculture-on-

global-warming-and-climate-change.pdf 

Jochims, F., Poli, C.H.E.C., Soares, É.M., Carvalho, P.C.F. 2017. Improving forage nutritive 

value and botanical composition in a natural grassland using different grazing methods and 

herbage allowances. Anim Prod Scien, 57 (6). https://doi.org/10.1071/AN16012 

Kohlhepp, G., 2010. Análise da situação da produção de etanol e biodiesel no Brasil. Estudos 

avançados, 24 (68), 223-253. http://dx.doi.org/10.1590/S0103-40142010000100017 

Kremen, C., Miles, A., 2012. Ecosystem services in biologically diversified versus 

conventional farming systems: benefits, externalities, and trade-offs. Ecol Soc, 17 (4), 25-40. 

http://dx.doi.org/10.5751/ES-05035-170440 

Kuinchtner, B.C. 2013. Manejo de pastagem natural em pastoreio rotativo no período de 

outono/inverno. 92 p. BSc thesis (Animal Science) – Universidade Federal de Santa Maria, 

Brazil. 

http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Bruno_Castro_Kuinchtner_Disserta

o.pdf 

https://doi.org/10.1071/EA9750663
https://doi.org/10.1016/j.rama.2015.05.003
http://www.humanesociety.org/assets/pdfs/farm/hsus-the-impact-of-animal-agriculture-on-global-warming-and-climate-change.pdf
http://www.humanesociety.org/assets/pdfs/farm/hsus-the-impact-of-animal-agriculture-on-global-warming-and-climate-change.pdf
https://doi.org/10.1071/AN16012
http://dx.doi.org/10.1590/S0103-40142010000100017
http://dx.doi.org/10.5751/ES-05035-170440
http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Bruno_Castro_Kuinchtner_Dissertao.pdf
http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Bruno_Castro_Kuinchtner_Dissertao.pdf


50 
 
Kuinchtner, B.C. 2016. Manejo de pastagem natural em pastoreio rotativo utilizando duas soma 

térmica como intervalo de descanso. 80 p. PhD thesis (Animal Science) – Universidade Federal 

de Santa Maria, Brazil. 

http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Bruno_Castro_Kuinchtner_Disserta

o.pdf 

Lemaire, G., Da Silva, S.C., Agnusdei, M., Wade, M., Hodgson, J., 2009. Interactions between 

leaf lifespan and defoliation frequency in temperate and tropical pastures: a review. Grass 

Forage Sci, 64, 341-353. http://10.1111/j.1365-2494.2009.00707.x 

Machado, J.M., Rocha, M.G., Quadros, F.L.F., Confortin, A.C.C., Santos, A.B., Sichonany, 

M.J.O., Ribeiro, L.A., Rosa, A.T.N., 2013. Morphogenesis of native grasses of Pampa Biome 

under nitrogen fertilization. Rev Bras Zootecn, 42, 22–29. http://dx.doi.org/10.1590/S1516-

35982013000100004 

Mezzalira, J.C., Carvalho, P.C.F., Trindade, J.K., Bremm, C., Fonseca, L., Amaral, M.F., 

Reffatti, M.V., 2012. Animal and vegetal production of a natural pasture under different forage 

allowances for cattle. Ciênc Rural, 42, 1264-1270. http://dx.doi.org/10.1590/S0103-

84782012005000039 

Modernel, P., Rossing, W.A.H., Corbeels, M., Dogliotti, S., Picasso, V. and Tittonell, P., 2016. 

Land use change and ecosystem service provision in Pampas and Campos grasslands of 

southern South America. Environ Res Lett, 11, 1-21. http://doi:10.1088/1748-

9326/11/11/113002 

Moreno, J.A., 1961. Clima do Rio Grande do Sul. Secretaria da Agricultura: Porto Alegre-RS, 

Brasil. 

http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Bruno_Castro_Kuinchtner_Dissertao.pdf
http://coral.ufsm.br/forrageiras/images/lepan/Dissertacao/Bruno_Castro_Kuinchtner_Dissertao.pdf
http://10.0.4.87/j.1365-2494.2009.00707.x
http://dx.doi.org/10.1590/S1516-35982013000100004
http://dx.doi.org/10.1590/S1516-35982013000100004
http://dx.doi.org/10.1590/S0103-84782012005000039
http://dx.doi.org/10.1590/S0103-84782012005000039
http://doi:10.1088/1748-9326/11/11/113002
http://doi:10.1088/1748-9326/11/11/113002


51 
 
Neves, F.P., Carvalho, P.C.F., Nabinger, C., Jacques, A.V.A., Carassai, I.J., Tentardini, F., 

2009. Herbage allowance management strategies to raise beef heifers on natural pastures. Rev 

Bras Zootecn, 38, 1532-1542. http://dx.doi.org/10.1590/S1516-35982009000800018 

Overbeck, G.E., Vélez-Martin, E., Scarano, F.R., Lewinsohn, T.M., Fonseca, C.R., Meyer, 

S.T., Muller, S.C., Ceotto, P., Dadalt, L., Durigan, G., Ganade, G., Gossner, M.M., Guadagnin, 

D.L., Lorenzen, K., Jacobi, C.M., Weisser, W.W., Pillar, V.P., 2015. Conservation in Brazil 

needs to include non-forest ecosystems. Diversity Distrib, 21, 1455-1460. 

http://doi:10.1111/ddi.12380 

Patel, M., Sonesson, U., Hessle, A., 2017. Upgrading plant amino acids through cattle to 

improve the nutritional value for humans: Effects of different production systems. Animal, 

11(3), 519-528. https://doi.org/10.1017/S1751731116001610 

Pillar, V.P., Vélez, E., 2010. Extinção dos Campos Sulinos em unidades de conservação: um 

fenômeno natural ou um problema ético? Nat Conservação, 8, 84-86. 

http://DOI:10.4322/natcon.00801014 

Pizzato, F., 2013. Pampa gaúcho: causas e consequências do expressivo aumento das áreas de 

soja. Dissertação (Mestrado em Geografa) - Programa de Pós-graduação em Geografia, 

UFRGS. Porto Alegre, RS. http://hdl.handle.net/10183/76138 

Quadros, F.L.F., Trindade, J.P.P., Borba, M.F.S., 2009. A abordagem funcional da ecologia 

campestre como instrumento de pesquisa e apropriação do conhecimento pelos produtores 

rurais. In: Pillar, V.P., Müller, S.C., Castilhos, Z.M.S., Jacques, A.V.A. (eds.), Campos Sulinos, 

conservação e uso sustentável da biodiversidade. 1ed. Ministério do Meio-Ambiente, 

Brasília/DF. pp. 206-213. 

http://dx.doi.org/10.1590/S1516-35982009000800018
http://doi:10.1111/ddi.12380
https://doi.org/10.1017/S1751731116001610
http://DOI:10.4322/natcon.00801014
http://hdl.handle.net/10183/76138


52 
 
Quadros, F.L.F., Soares, É,M., Oliveira, L.B., Ribeiro, C.M. 2015. Cuidar e fazer diferente, in: 

Pillar, V.P., Lange, O. (Eds.), Campos do Sul. Porto Alegre : Rede Campos Sulinos – UFRGS, 

pp. 143-147. 

Ritten, J.P., Frasier, W.M., Bastian, C.T., Gray, S.T., 2010. Optimal rangeland stocking 

decisions under stochastic and climate-impacted weather. Am J Agr Econ, 92, 1242–1255. 

https://doi.org/10.1093/ajae/aaq052 

Rouquette,  F.M. 2016. The  roles  of  forage  management,  forage  quality and forage allowance 

in grazing research. Prof Anim Sci, 32, 10–18. https://doi.org/10.15232/pas.2015-01408 

Santos, A.B., Quadros, F.L.F., Soares, L.S.U., Rocha, M.G., Machado, J.M., Martini, A.P.M., 

2013. Características morfogênicas de gramíneas nativas do Sul do Brasil sob níveis de 

nitrogênio. Ciênc. Rural, 43, 503-508. http://dx.doi.org/10.1590/S0103-84782013000300021 

Sauvant, D., Schmidely, P., Daudin, J.J., St-Pierre, N.N., 2008. Meta-analyses of experimental 

data in animal nutrition. Animal, 2, 1203-1214. http://doi:10.1017/S1751731108002280 

Searchinger, T., Heimlich, R., Houghton, R., Dong, F., Elobeid, A., Fabiosa, J., Tokgoz, S., 

Hayes, D., Yu, T.H., 2008. Use of U.S. croplands for biofuels increases greenhouse gases 

through emissions from land-use change. Science, 29, 1238–1240. 

http://DOI:10.1126/science.1151861 

 

Seibert, L. 2015. Efeito do pastoreio rotativo sobre a composição florística e estrutural de uma 

pastagem natural do bioma Pampa, Santa Maria, RS. Dissertação (Mestrado em Zootecnia) – 

Programa de Pós-Graduação em Zootecnia, UFSM. Santa Maria, RS. 

http://repositorio.ufsm.br/handle/1/10875 

https://doi.org/10.1093/ajae/aaq052
https://doi.org/10.15232/pas.2015-01408
http://dx.doi.org/10.1590/S0103-84782013000300021
http://doi:10.1017/S1751731108002280
http://DOI:10.1126/science.1151861
http://repositorio.ufsm.br/handle/1/10875


53 
 
SENAR/SEBRAE/FARSUL. Diagnóstico de sistemas de produção de bovinocultura de corte 

do estado do Rio Grande do Sul. Porto Alegre, IEPE, 2005. 265p. 

Silveira, V.C.P., González, J.A., Fonseca, E.L., 2017. Land use changes after the period 

commodities rising price in the Rio Grande do Sul State, Brazil. Cienc Rural, 47 (4), 

e20160647. https://dx.doi.org/10.1590/0103-8478cr20160647 

Soares, A.B., Carvalho, P.C.F., Nabinger, C., Semmelmann, C., Trindade, J.K., Guerra, E., 

Freitas, T.S., Pinto, C.E., Fontoura Júnior, J.A., Frizzo, A., 2005. Produção animal e de 

forragem em pastagem nativa submetida a distintas ofertas de forragem. Ciênc Rural, 35, 1148-

1154. http://dx.doi.org/10.1590/S0103-84782005000500025 

Soares, É.M., Quadros, F.L.F., Carvalho, R.M.R, Oliveira, L.B., Jochims, F., Dutra, G.M., 

Fernandes, A.M., Trindade, J.P.P., Ilha, G.F., 2015. Beef heifers performance in natural 

grassland under continuous and rotational grazing in the autumn-winter. Ciênc Rural, 45, 1859-

1864. https://dx.doi.org/10.1590/0103-8478cr20141529 

Sollenberger, L.E., Vanzant., E.S., 2011. Interrelationships among forage nutritive value and 

quantity and individual animal performance. Crop Sci, 51, 420–432. 

http://doi:10.2135/cropsci2010.07.0408 

Sollenberger, L.E., Burns, J.C., 2001. Canopy characteristics, ingestive behavior and herbage 

intake in cultivated tropical grasslands. In: International Grassland Congress, 19, 2001, São 

Pedro. Proceedings... Piracicaba: Fealq, p. 321-327. 

Sollenberger, L.E.; Moore, J.E.; Allen, V.G.; Pedreira, C.G.S., 2005. Reporting forage 

allowance in grazing experiments. Crop Sci, 45, 896-900. http://doi:10.2135/cropsci2004.0216 

Soussana, J.F., Allard, V., Pilegaard, K., Ambus, P., Amman, C., Campbell, C., Ceschia, E., 

Clifton-Brown, J., Czobel, S., Domingues, R., Flechard, C., Fuhrer, J., Hensen, A., Horvath, L., 

https://dx.doi.org/10.1590/0103-8478cr20160647
http://dx.doi.org/10.1590/S0103-84782005000500025
https://dx.doi.org/10.1590/0103-8478cr20141529
http://doi:10.2135/cropsci2010.07.0408
http://doi:10.2135/cropsci2004.0216


54 
 
Jones, M., Kasper, G., Martin, C., Nagy, Z., Neftel, A., Raschi, A., Baronti, S., Rees, R.M., 

Skiba, U., Stefani, P., Manca, G., Sutton, M., Tubaf, Z., Valentini, R., 2007. Full accounting of 

the greenhouse gas (CO2, N2O, CH4) budget of nine European grassland sites. Agr Ecosyst 

Environ, 121, 121–134. https://doi.org/10.1016/j.agee.2006.12.022 

Stephenson, M.B., Schacht, W.H., Volesky, J.D., Eskridge, K.M., Mousel, E.M., Bauer, D., 

2013. Grazing method effect on topographical vegetation characteristics and livestock 

performance in the Nebraska Sandhills. Rangel Ecol Manag, 66, 561–569. 

https://doi.org/10.2111/REM-D-13-00013.1 

St-Pierre, N.R., 2001. Integrating quantitative findings from multiple studies using mixed 

model methodology. J Dairy Sci, 84, 741-755.  http://DOI:10.3168/jds.S0022-0302(01)74530-

4 

Teague, R., Grant, B., Wang, H., 2015. Assessing optimal configurations of multi-paddock 

grazing strategies in tallgrass prairie using a simulation model. J Environ Manage, 150, 262–

273. http://doi:10.1016/j.jenvman.2014.09.027 

Teague, R., Provenza, F., Kreuter, U., Steffens, T., Barnes, M., 2013. Multi-paddock grazing 

on rangelands: why the perceptual dichotomy between research results and rancher experience? 

J Environ Manage, 128, 699–717. https://doi.org/10.1016/j.jenvman.2013.05.064 

Teague, W.R., Kreuter, U.P., Grant, W.E., Diaz-Solis, H., Kothmann, M.M., 2009. Economic 

implications of maintaining rangeland ecosystem health in a semiarid savanna. Ecol Econ, 68, 

1417-1429. https://doi.org/10.1016/j.ecolecon.2008.10.014 

Tittonell, P., 2014. Ecological intensification of agriculture - sustainable by nature. Curr Opin 

Env Sust, 8, 53–61. https://doi.org/10.1016/j.cosust.2014.08.006 

https://doi.org/10.1016/j.agee.2006.12.022
https://doi.org/10.2111/REM-D-13-00013.1
http://DOI:10.3168/jds.S0022-0302(01)74530-4
http://DOI:10.3168/jds.S0022-0302(01)74530-4
http://doi:10.1016/j.jenvman.2014.09.027
https://doi.org/10.1016/j.jenvman.2013.05.064
https://doi.org/10.1016/j.ecolecon.2008.10.014
https://doi.org/10.1016/j.cosust.2014.08.006


55 
 
Van Soest, P.J., Robertson, J.B., 1985. Analysis of forages and fibrous foods: a laboratory 

manual for animal science. Cornell University, Ithaca, NY. 

Vega, E., Baldi, G., Jobbággy, E.G., Paruelo, J., 2009. Land use change patterns in the Río de 

la Plata grasslands: the influence of phytogeographic and political boundaries. Agric Ecosyst 

Environ, 134, 287–292. https://doi.org/10.1016/j.agee.2009.07.011 

Viglizzo, E.F., Lertora, F., Pordomingo, A.J., Bernardos, J.N., Roberto, Z.E. Del Valle, H., 

2001. Ecological lessons and applications from one century of low external-input farming in 

the pampas of Argentina. Agric Ecosyst Environ, 83, 65–81. https://doi.org/10.1016/S0167-

8809(00)00155-9 

Wagner, A.P.L., Fontana, D.C., Fraisse, C., Weber, E., Hasenack, H., 2013. Tendências 

temporais de índices de vegetação nos campos do Pampa do Brasil e do Uruguai. Pesqui 

Agropecu Bras, 48, 1192-1200. http://dx.doi.org/10.1590/S0100-204X2013000900002. 

Wang, T., Teague, W.R., Park, S.C., 2016. Evaluation of continuous and multipaddock grazing 

on vegetation and livestock performance – a modeling approach. Rangel Ecol Manage, 69, 457–

464. https://doi.org/10.1016/j.rama.2016.07.003 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.agee.2009.07.011
https://doi.org/10.1016/S0167-8809(00)00155-9
https://doi.org/10.1016/S0167-8809(00)00155-9
http://dx.doi.org/10.1590/S0100-204X2013000900002
https://doi.org/10.1016/j.rama.2016.07.003


56 
 
Figures list: 

 
Figure 1 - Ordination diagram of response variables1 and environmental variables (treatments – 375 and 750 DD - and climatic seasons). 
1FMm (Mean forage mass; kg DM-1 ha-1); FMe (Forage mass pre-grazing; kg DM-1 ha-1); FMs (Forage mass post-grazing; kg DM-1 ha-1); FMg (Green forage mass; kg   DM-1 ha-1); SM (Senescent material; kg DM-1 ha-

1); CH (Canopy height; cm); VD (Volumetric density; kg DM-1 cm-1); CP (Crude protein; %); NDF (Neutral detergent fiber; %); SR (Stocking rate; kg BW ha-1); FA (Forage allowance; % BW); ADG (Average daily 

gain; kg BW day-1); BWGd (Body weight gain per day; kg BW ha-1 day-1); BWGs (Body weight gain per climatic season; kg BW) 
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Tables list: 

 

Table 1 - Designation of performing year, climatic seasons, number of animals, supplement 

use and authors from the experiments used in the database. 

Study Year Season 
Animals/

paddock 

Supplement 

Level Type 

1a 2010/

2011 
Spr/Sum Variable Ad libitum Mineral 

2b 2011 Aut/Winter Six 0.5% BW Grounded corn 

3c 2011/

2012 
Spr/Sum Variable Ad libitum Mineral 

4d 2012 Aut/Winter Six 0.5% BW Wheat bran + glicerol 

5e 2013 Aut/Winter Five 1% BW Wheat bran 

6f 2013/

2014 
Spr/Sum Variable Ad libitum Mineral 

7g 2014 Aut/Winter Six 
Ad libitum + 0.9% 

BW 

Protein and grounded 

corn 
aGaragorry, F.C., 2012; bKuinchtner, B.C., 2013; cBarbieri, C.W., 2013; dCarvalho, T.H.N., 2014; eKuinchtner, 

B.C., 2015; fKuinchtner, B.C., 2015; gCasanova, P.T., 2016 

*All heifers had access to the protein supplement, but only three were fed with grounded corn (0.9% BW) 

Table 2 - Summary of variables from studies included in the database. 

Variables1 N2 Mean Median Minimum Maximum Standard Error 

FMm 71 3518 3272 1021 7108 142 

FMe 60 4104 3965 1116 6800 141 

FMs 60 3419 3277 925 5662 142 

FMg 65 1569 1454 659 2875 64.8 

SM 65 1988 1856 457 4428 115 

CH 65 18.7 17.8 8.94 35.7 0.662 

VD 65 199 208 93.8 352 8.11 

CP 65 8.13 8.2 5.24 11.0 0.157 

NDF 64 74.1 75.2 60.2 80.8 0.502 

SR 72 857 595 358 3243 75.7 

FA 72 20.6 18.0 3.29 54.4 1.56 

ADG 72 0.265 0.265 -0.0564 0.540 0.0170 

BWGd 72 1.04 0.905 -0.163 3.53 0.0909 

BWGs 72 94.5 82.4 -14.8 321 8.27 
1FMm (Mean forage mass; kg DM-1ha-1); FMe (Forage mass pre-grazing; kg DM-1ha-1); FMs (Forage mass post-grazing; kg 

DM-1ha-1); FMg (Green forage mass; kg DM-1ha-1); SM (Senescent material; kg DM-1ha-1); CH (Canopy height; cm); VD 

(Volumetric density; kg DM-1cm-1); CP (Crude protein; %); NDF (Neutral detergent fiber; %); SR (Stocking rate; kg BW ha-

1); FA (Forage allowance; % BW); ADG (Average daily gain; kg BW day-1); BWGd (Body weight gain per day; kg BW ha-

1day-1); BWGs (Body weight gain per climatic season; kg BW); 2N= number of observations
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Table 3 - Forage canopy characteristics and forage nutritive value of a natural grassland managed under two rest intervals in four different 

climatic seasons. 

  Treatments   

P -value σ²3 

 375 750  

 Climatic season  

Variables1 Autumn Winter Spring Summer Autumn Winter Spring Summer SEM2 Treatments Season Interaction Exper. Error 

FMm4 4227 3178 3612 3394 4143 3936 3816 4269 8,59 0,01245 0,174 0,182 1031435 482976 

FMe4  3172 3876 3718 3210 4153 4778 4018 4358 465 <0,0001 0,163 0,531 351510 2075571 

FMs4 2891 2981 3121 3032 3064 3951 3176 3918 548 0,009 0,272 0,128 654777 434077 

FMg4 1715B 992C 1507B 1898A 1751B 1122C 1754B 2275A 217 0,02375 <0,0001 0,537 121031 113432 

SM4 2455A 2317A 1985A 1328B 2355A 2564A 2240A 2023B 384 0,04185 0,0081 0,234 461994 272546 

CP 7,75 7,93 8,91 8,74 7,76 8,05 8,55 8,39 0,598 0,557 0,182 0,824 0,908 0,883 

NDF  76,1 74,2 73,2 72,7 75,4 73,9 72,8 72,2 2,39 0,550 0,180 0,999 18,6 9,79 

CH 20,5A 12,3C 17,2B 18,8A 24,7A 14,5C 20,0B 23,1A 2,32 <0,00015 <0,0001 0,663 17,3 8,32 

VD4 207BC 249A 213B 177C 168BC 251A 210B 195C 27,2 0,570 0,0002 0,235 2322 1372 
1FMm (Mean forage mass; kg DM

-1
ha

-1
); FMe (Forage mass pre-grazing; kg DM

-1
ha

-1
); FMs (Forage mass post-grazing; kg DM

-1
ha

-1
); FMg (Green forage mass; kg DM

-1
ha

-

1
); SM (Senescent material; kg DM

-1
ha

-1
); CP (Crude protein; %); NDF (Neutral detergente fiber; %); CH (Canopy height; cm); VD (Volumetric density; kg DM

-1
cm

-1
); 

2Standar error of mean; 3Variance; 4Co-variable effect of blocks remained in the model, statistically significant (p<0,10); variável do efeito da blocagem para relevo de encosta, 

baixo e topo permaneceu no modelo pois foi estatisticamente significativo 5Treatment 750 has greater FMg than treatment 375; 6Treatment 750 was greater than treatment 375; 
A-CDifferent capital letters differ significantly for climatic seasons (P<0.05). 
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Table 4 - Animal performance and herbage-animal relation variables for beef heifers managed under two rest intervals over four different 

climatic seasons 

  Treatments  

P -value σ² 3 

 375 750  

 Climatic Season  

Variables1 Autumn Winter Spring Summer Autumn Winter Spring Summer SEM2 Treatments Season Interaction  Experim. Error 

FA4 29,6a 27,7a 24,4ab 25,2ab 15,6d 15,5d 19,2c 22,3b 5,52 <0,00015 0,465 0,0004 151 34,6 

SR 844 875 1010 864 834 813 1142 939 266 0,644 0,212 0,744 316874 88854 

ADG 0,0965d 0,237c 0,380ab 0,441a 0,0980d 0,306b 0,303b 0,348b 0,0624 0,266 <0,0001 0,0237 0,0131 0,00851 

BWGs4 62,0B 79,6B 144A 163A 57,1B 86,8B 100A 129A 24,1 0,0628 0,0004 0,182 1439 1703 

BWGd4 0,681B 0,874B 1,58A 1,79A 0,627B 0,954B 1,10A 1,41A 0,264 0,0626 0,0004 0,0651 0,174 0,206 
1FA (Forage allowance; % BW); SR (Stocking rate; kg BW ha

-1
); ADG (Average daily gain; kg BW day

-1
); BWGs (Body weight gain per climatic season; kg BW); BWGd 

(Body weight gain per day; kg BW ha
-1

day
-1

); 2Standard error of mean; 3Variance; 4Co-variable effect of blocks remained in the model, statistically significant (p<0,10); 
5Treatment 375 has greater FA than treatment 750; a-dDifferent lowercase letters differ significantly for interaction (P<0.05); A-CDifferente capital letters differ significantly for 

climatic seasons (P<0.05). 

 

 



60 
 
Table 5 - Multiple regressions for green forage mass (FMg; kg DM-1ha-1), forage allowance 

(FA; % BW), stocking rate (kg BW-1ha-1), body weight gain per day (kg BW ha-1day-1), body 

weight gain per season (kg BW per climatic season) and average daily gain (ADG; kg BW 

day-1) in a natural grassland managed under rotational grazing with beef heifers 

y1 Equation 

parameters 
Estimates 

r² 

partial 

r² 

model 
P-value σ² error2 σ² 

study3 

FMg Intercept -844 (±328)4  

0.49 <0.01 89485 69455 CH 87.8 (±9.29) 0.25 

VD 3.81 (±0.913) 0.24 

FA Intercept 17.6 (±8.09)  

0.35 <0.01 35.7 258 SM -0.003 (±0.00170) 0.28 

VD 0.05 (± 0.0221) 0.07 

SR Intercept -28.5 (±1012)  

0.45 <0.01 85645 368119 
VD 2.71 (± 0.835) 0.23 

CP 18.8 (±42.7) 0.15 

NDF 3.12 (±12.2) 0.07 

BWGd Intercept -0.05 (±0.387)  

0.63 <0.01 0.248 0.0387 
VD 0.005 (±0.00140) 0.33 

FMg 0.0001 (±0.000181) 0.15 

FMs -0.0003 (±0.00009) 0.15 

BWGs Intercept -4.29 (±35.2)  

0.63 <0.01 2058 320 
VD 0.41 (±0.128) 0.33 

FMg 0.0881 (±0.0165) 0.15 

FMs – 0.0297 (± 0.0084) 0.15 

ADG Intercept 0.287 (±0.0586)   

0.5 <0.01 0.00787 0.00135 FMe -0.00007 (±0.0002) 0.24 

FMg 0.0002 (±0.00003)  0.26 
1Variable response; 2Error variance; 3Study variance; 4Standard error; CH (Canopy height, cm); VD (Volumetric 

density, kg DM
-1

cm
-1

); CP (Crude protein, %); NDF (Neutral detergent fiber, %); FMs (Forage mass post-grazing, 

kg DM
-1

ha
-1

); FMe (Forage mass pre-grazing; kg DM
-1

ha
-1

) 
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Appendix A - Pearson correlation coefficients and P-values between variables. 

Variables FA1 FMe2 FMs3 FMm4 CH5 DV6 FMg7 SM8 CP9 NDF10 SR11 ADG12 BWGs13 BWGd14 

FA 1 0,323 0,476 0,629 0,235 0,247 0,235 0,522 -0,478 -0,277 -0,356 0,085 -0,341 -0,341 

  0,012 0,0001 <0,01 0,059 0,045 0,057 <0,01 <0,01 0,025 0,002 0,479 0,003 0,003 

FMe  1 0,756 0,709 0,599 0,013 0,342 0,420 -0,210 -0,115 0,027 -0,249 -0,145 -0,145 

   <0,01 <0,01 <0,01 0,925 0,011 0,002 0,132 0,411 0,839 0,055 0,269 0,268 

FMs   1 0,599 0,610 -0,237 0,263 0,033 -0,225 -0,438 -0,434 -0,072 -0,357 -0,357 

   
 

<0,01 <0,01 0,084 0,054 0,814 0,105 0,001 0,001 0,583 0,005 0,005 

FMm    1 0,370 0,486 0,673 0,855 -0,393 -0,106 -0,093 -0,016 -0,152 -0,152 

     0,003 <0,01 <0,01 <0,01 0,001 0,405 0,440 0,896 0,207 0,206 

CH   
 

 1 -0,429 0,464 0,031 -0,313 -0,121 -0,277 -0,339 -0,392 -0,392 

      0,0004 0,0001 0,805 0,012 0,342 0,026 0,006 0,001 0,001 

DV      1 0,274 0,784 0,092 0,011 0,369 0,241 0,307 0,307 

       0,026 <0,01 0,467 0,928 0,002 0,051 0,012 0,012 

FMg       1 0,423 -0,169 0,139 0,025 0,116 0,134 0,134 

        0,0004 0,179 0,270 0,842 0,352 0,283 0,283 

SM        1 -0,234 -0,083 0,169 -0,069 -0,085 -0,085 

         0,061 0,513 0,176 0,580 0,500 0,499 

CP         1 -0,060 0,390 0,129 0,443 0,443 

          0,634 0,001 0,307 0,0002 0,0002 

NDF          1 0,321 -0,202 0,266 0,266 

           0,009 0,107 0,032 0,032 

SR           1 -0,106 0,719 0,718 

            0,375 <0,01 <0,01 

ADG            1 0,439 0,439 

             0,0001 0,0001 

BWGs             1 1,00 

   
 

          <0,01 

BWGd              1 

1Forage allowance (% BW); 2Forage mass pre-grazing (kg DM
-1

ha
-1

); 3Forage mass post-grazing (kg DM
-1

ha
-1

); 4Mean forage mass (kg DM
-1

ha
-1

); 5Canopy height (cm); 
6Volumetric density (kg DM

-1
cm

-1
); 7Green forage mass (kg DM

-1
ha

-1
); 8Senescent material (kg DM

-1
ha

-1
); 9Crude protein (%); 10Neutral detergente fiber (%); 11Stocking rate 

(kg BW ha
-1

); 12Average daily gain (kg BW day
-1

); 13Body weight gain per climatic season (kg BW); 14Body weight gain per day (kg BW ha
-1

day
-1

)   
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Validity of the timing and duration of observation periods of beef heifers foraging behavior in 
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Production Science 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 
Validity of the timing and duration of observation periods of beef heifers foraging behavior 

in natural grasslands 

 

Abstract: The goals of this work were to evaluate for how long foraging should be monitored 

over a 24 hour period to predict foraging behavior of beef heifers within a season and check the 

patterns of foraging activity over 24 hours. Database was collected between 2010-2012 with 

beef heifers managed under rotational grazing in natural grassland. Foraging, rumination and 

other activities times were assessed visually during 24 hours in 15 occasions. Data were 

classified according to climatic seasons, generating 12 replicates in summer, 18 in spring, 24 in 

autumn and 36 replicates in winter. Treatments were the evaluation of four distinct periods of 

time: from sunrise to sunset (DAY-SUN), daylight duration from dawn to nightfall 

(DAYLIGHT), DAYLIGHT plus two hours (DAYLIGHT+2), DAYLIGHT to midnight 

(DAYLIGHTto0) and the entire 24 hours (CONTROL). Differences for foraging, rumination 

and other activities were found for all seasons among evaluation periods tested. Sampling 

sufficiency was reached only between the DAYLIGHTto0 and CONTROL for all four climatic 

seasons. The DAYLIGHTto0 treatment covered 75% of a 24 hours period and 95% of the mean 

foraging time taking place during this time interval. About the foraging distribution over the 

day, in the warm seasons, the major foraging period during mornings occurred earlier than in 

the cool seasons and in cool seasons the foraging peak was observed during the afternoons. 

Visual observations starting at dawn until the mid-night hour were able to represent the total 

foraging time and it could be used to represent foraging activities during the entire day. 

 

Keywords: grazing behavior; grazing distribution; foraging activities; monitoring behavior; 

grazing patterns  
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1 Introduction 

Foraging behavior can be an important consideration when establishing management 

goals, because animals’ behavior on pasture gives clues to judge if pasture management 

decisions are suitable or not (Gonçalves et al., 2009). Furthermore, the behavior of animals in 

controlled situations, such as grazing trials, gives insight into the production data collected. 

Among variables of the foraging behavior, foraging time is the easiest variable to monitor, 

especially with Global Navigation Satellite System (GNSS) technology (Anderson et al., 2013), 

and it is the key variable to use as an indicator of management efficiency. According to Hodgson 

(1982), in temperate climate, ruminants commonly have a foraging time between 450 to 600 

min/day. Under subtropical and tropical conditions, ruminants rarely forage less than 360 

min/day up to intervals that may exceed 760 min/day (Carvalho et al., 1999). Evidently, these 

magnitudes in foraging time are due to the interaction of animal and plant factors including 

sward structure and available herbage. In the Southern Brazil Campos Grasslands (Allen et al., 

2011), without limitations to inhibit potential intake (e.g. herbage mass or sward height), the 

time spent foraging may range between 500 – 650 min/day (Carlotto et al., 2010; Mezzalira et 

al., 2012; Pinto et al., 2007), regardless the grazing method used (Barbieri et al., 2014). Foraging 

time comparisons among experimental treatments, or even among different experiments, allow 

us to make conclusions about the management success of particular protocols. However, there 

are no records about the ideal period of foraging time evaluation that would be recommended 

to evaluate the pasture management success. 

Despite the fact that foraging behavior studies have already been defined as an important 

evaluation, there are different propositions, by different research groups, in relation to the extent 

of the evaluations (e.g. during the daylight period or for 24h periods; Phillips and Schofield, 

1989). This is due to three main factors: (i) availability and costs of skilled observers, (ii) 
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circadian behavior rhythms associated to daylight, mainly in temperate climate, and (iii) needs 

for artificial light in sunlight absence.  

The 24 hour visual evaluations could be less feasible in the 21ST century, in part because 

requires a large number of trained people. Furthermore, artificial light during dark periods may 

affect animals´ natural behavior (Gregorini et al., 2006). The introduction of GNSS technology 

to evaluate animal behavior in free ranging experiments is improving this type of evaluation. 

With limited labor, animals with GNSS system can be observed during daylight and their rate 

of movement during foraging recorded electronically besides, this system allows to identify 

similar foraging intervals during darkness and when observers are absent (Anderson et al., 

2012). Other protocols have been reported including the IGER (Rutter et al., 1997) and 

bioacoustics (Alkon et al., 1989). However, all of these electronic devices should be calibrated 

with visual assessments to adapt the protocols to different environments around the world. 

Furthermore, continuous 24-hour assessments is the more accurate evaluation, mainly by 

evaluating a larger and fixed period, regardless of climatic season (1440 min/day). 

Evaluations performed only during daylight periods, regardless of time interval, have 

been justified by ruminants’ pattern of diurnal foraging behavior and based on labor 

requirements (Champion et al., 1994, Linnane et al., 2001). According to Phillips and Schofield 

(1989) and Gregorini et al. (2006), sources of supplementary light induce animals to eat, 

suggesting that animals prefer to consume forage when light is present, as shown when there is 

moonlight (Dulphy et al., 1980). Rumination and other activities occur between foraging bouts, 

probably due to the rumen dynamics (Dulphy et al., 1980; Phillips and Leaver, 1986). 

During autumn and winter, restriction to daylight evaluations could be seriously biased 

due to the reduced day length (photoperiod) and, mainly, because in this period the quantity 

and quality of the forage are substantially different from other periods of the year, in the case 
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of natural grasslands. Moreover, daylight observations do not consider animal behavior during 

nighttime, when heifers have been shown to forage (O'Connel et al., 1989), this observation 

was explained by lower temperatures during the night on tropical and subtropical conditions. 

Preference for foraging at night could be due to more comfortable air temperatures over this 

period (Gregorini et al., 2006). However, it was determined that  nighttime foraging behavior 

has a shorter duration when compared to the daylight; furthermore, these foraging events could 

represent as much as 35% of the total foraging  time over 24 hours in hot weather or during 

long nights (Dulphy et al., 1980, Hodgson, 1990; Gregorini, 2008). Besides, during these 

foraging events at night, Gregorini (2008) demonstrated that animals have a heavy bite mass 

(Gregorini, 2008). 

Thus, considering Linnane et al. (2001) hypothesis (stating that foraging time occurs 

mainly during the daylight period and the need of visual observations to calibrate automatic 

registration methods for Southern Brazil Campos Grasslands), the objectives of this work were 

to evaluate for how long foraging should be monitored over a 24-hour period to predict foraging 

behavior of beef heifers within a season and check the patterns of foraging activity over 24 

hours.  

 

2 Material and Methods 

2.1. Local, experimental area, climate and behaviour assessments 

Fifteen experimental periods of behavior visual observations were analyzed from 

experiments conducted in natural grassland managed under rotational grazing method (with 

different rest intervals) using beef heifers, during three consecutive years. The experimental 

area is at the Federal University of Santa Maria (UFSM), Central Depression region of Rio 

Grande do Sul State (Brazil), with the center of the experimental area at approximately 
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29º43’30” S, 53º45’33” W. The climate has been described as subtropical humid, with a mean 

ambient annual temperature of 19.2ºC and mean annual rainfall of 1770 mm, at an elevation 

95m above sea level (Moreno, 1961).  

The experimental area of 22.5 ha was divided into six rectangular paddocks each one with 

3.5 ha. Each of these six areas was subdivided into seven smaller sub-paddocks to perform the 

rotational grazing cycle. The criteria to define the rest period of sub-paddock was the thermal 

sum accumulated (degree Celsius per day; DD), for the duration of leaf elongation of two 

grasses groups which are classified according to the functional groups proposed by Cruz et al. 

(2010) (as described below).  

Over the three years, three paddocks were managed using a rest interval of 375 DD of 

accumulated thermal sum and the other three paddocks were managed using 750 DD of 

accumulated thermal sum. The 375 DD rest interval is based on the accumulated temperature 

for elongation of 2.5 leaves per tiller of grasses of functional groups A and B (e.g., Coelorhachis 

selloana and Paspalum notatum; Eggers et al., 2004). The 750 DD rest interval is based on the 

accumulated temperature for elongation of 1.5 leaves per tiller of functional groups C and D 

(e.g., Aristida laevis and Saccharum trinii; Machado et al., 2013). For defining the rest intervals 

in each treatment, mean phyllocron (time in DD for complete leaf elongation) of each group 

(375 or 750DD) was multiplied by the number of expanding leaves per tiller, generating the rest 

periods of each sub-paddock. The number of expanding leaves of the grasses in the functional 

groups is intrinsic to the plants genetic traits and defines the time of rest intervals (Cruz et al., 

2010). In this way, the occupation period was defined by dividing rest intervals (in thermal sum) 

of each treatment by the number of sub-paddocks less one (sub-paddock under occupation), 

resulting in the time, in Celsius degrees, of occupation of each sub-paddock. 

Each year, a variable number between 24 and 36 beef heifers (at least four heifers per 

paddock) were evaluated with variable body weights (177 to 215 kg) and age (12 to 24 months) 
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(Table 1). Variations in weight and age were within the range for heifers rearing to breed at 2 

years old. During the grass growing seasons (spring and summer), heifers were supplemented 

only with mineral salt and they had access ad libitum to water. In 2010 during the winter, heifers 

were supplemented with mineral protein salt ad libitum (Knorr et al., 2005). In 2011 during the 

winter, heifers were supplemented with grounded corn, in a basis of 5 grams per kg of body 

weight (0.5%). In 2012, during the winter, the heifers were supplemented, in the same 

percentage than the previous experiment, with wheat bran (85%) and glycerol (15%). The 

stocking rate adjustments were made each 28 days based on a 4.5% of disappearance of 70% of 

the grass leaf blades.  

(Insert table 1 here) 

The experimental area was arranged as a randomized block design with the two rest 

periods (described above) as the treatments (375 and 750 DD), using rotational grazing 

management and three area replicates (six paddocks, three for each rest period). The blocking 

criterion was the relief (top, convex slope and lowland). This arrangement was set at 2010 and 

managed all around the year for three years. Details about the management could be seen in 

Barbieri et al. (2014).  

Behavior evaluations were tested through an analysis of variance model (considering 

P≤0.05 as the level of significance). Since there were no differences between foraging and 

rumination time between treatments (375 and 750 DD), we used all data to form a larger 

database. Data were clustered by year, generating four evaluations in 2010 (4 × 6 paddocks = 

24 replicates); six evaluations in 2011 (6 × 6 = 36 replicates); and five evaluations in 2012 (5 × 

6 = 30 replicates). Year was used as block in the statistical model to remove possible climatic 

differences among the years. After, data were clustered by season, regardless the year (blocked), 

what generate 12 area replicates in summer; 24 area replicates in autumn; 36 area replicates in 

winter; and 18 area replicates in spring. After clustering the data (years and climatic seasons), 
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foraging and rumination time did not present significantly differences among the original 

treatments (375 DD and 750 DD), making possible to use all data to perform the timing and 

sample sufficiency analysis. 

 

2.2 Natural grassland characterization 

Experimental area was composed mostly by C4 metabolic cycle grasses having a spring-

summer growth period. Sward production is drastically reduced during the cool seasons 

(autumn and winter), concomitantly with a worsening in their chemical composition, mainly 

due to the high contribution of warm season grasses in the herbage mass. Cool seasons can be 

characterized by reduction in temperatures and photoperiods as well as occasional frosts 

occurrences (Carvalho et al., 2006). About the type of grassland, a major part of Campos 

grasslands (Allen et al., 2011) present a well-defined double layer canopy structure. In this case, 

lower strata was composed by short-grass species as Axonopus affinis and Paspalum notatum, 

mostly with a prostrate growth pattern. These species are highly preferred by free ranging cattle. 

In the upper strata were found grass species with a tussock-like growth habit, as Andropogon 

lateralis and Aristida laevis (Quadros et al., 2009). 

The herbaceous vegetation consisted (mean contribution for green herbage mass in 

brackets) primarily of: Andropogon lateralis (±37%), Aristida laevis (±14%), Saccharum trinii 

(±6%), Shorgastrum nutans (±6%), Paspalum plicatulum (±3%), Axonopus affinis (±6%), 

Paspalum notatum (±9%); species within the Umbelliferae family, including Eringium 

horridum (±3%), and ±16% representing other plant families, including woody plants (each one 

with  insignificant amounts; < 1%). Furthermore, 117 species, representing 33 grass genders 

have been documented in this experimental area (non-published data). The most abundant grass 

species were from A and B functional groups (Andropogon lateralis, Axonopus affinis, 

Paspalum notatum; see Cruz et al., 2010 for details of functional groups) which comprise 52% 



70 
 
of the mean green herbage mass; and from C and D groups (Aristida laevis, Saccharum trinii, 

Shorgastrum nutans, Paspalum plicatulum), comprising 29% of the herbage mass. 

The individual contribution, for aboveground herbage biomass, of each specie is modified 

along the year, mostly due to the variations in environmental temperatures over time (seasons). 

However, there were no recorded changes in the presence or absence of species over the years. 

The quantity of senescent plant material in the paddocks also changed among seasons, being 

lower in the spring (±20% of total herbage mass) and greater in the winter season (±55% of 

total herbage mass). All these values (species contribution and botanical composition) were 

obtained using BOTANAL method as described by Tothill et al. (1978). Herbage mass (HM) 

was measured using a visual standard comparison, calibrated with double sampling technique 

(Haydock and Shaw, 1975), with 20 visual estimatives and six cuts at ground level, using 0.25 

m2 quadrats. All regression equations derived from visual assessments were above 0.7 of 

determination coefficient (R2). In each evaluation of HM, sward height was measured with a 

sward stick, at the same points of HM evaluations. We did not consider the tall tussock grasses 

in sward height measurements. 

 

2.3 Foraging behavior 

Foraging behavior evaluations began on the second day of occupation of the sub-

paddocks, regardless if the management was 375 or 750 DD (dates in Table 1). The mean time 

of occupation of the sub-paddocks was four days with a range between two to five days (spring 

and summer) and seven days with a range between five to ten days (autumn and winter). In all 

assessments, the mean value of the observations from all animals (at least four animals per sub-

paddock) that were inside the sub-paddocks was considered the experimental unit.  
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For assessments, trained evaluators were placed at ground level approximately five to ten 

meters from the heifers to facilitate the visualization of animal’s behavior. One evaluator was 

randomly assessed to each paddock for a change of shifts of two hours and four persons were 

required per 24 hours in each sub-paddock. Previously, heifers were exposed to night 

observations with flashlights to get used them to this type of lights. Animals were previously 

habituated to close handling by people using daily supplementation on grassland, so flashlights 

and close observations appeared to have minimal impact on the animal’s behaviour. 

Total foraging time, rumination and other activities time were visually recorded, every 

ten minutes, over 24 consecutive hours, and results were expressed in min/day. The recording 

frequency was chosen based on previous data reported by Gary et al. (1970) and Mezzalira et 

al. (2011). Foraging was defined to include the time spent by searching to select and gathering 

forage for biting similar to that previously described by Hodgson (1990). Rumination time was 

defined as the cessation of the foraging and the beginning of the jaw movements. Time of other 

activities was considered as the time when animals were not foraging or ruminating and it could 

be idling, in social activities, drinking water or eating supplements (Forbes, 1988). 

 

2.4 Treatments for timing and sampling sufficiency evaluation 

In a previous analysis of variance (as described before), there were no differences among 

treatments (375 DD and 750 DD rest intervals) and, then, data were recombined in five 

treatments regardless of rest intervals, which consisted the comparison between timing and 

duration of observation periods to test the sufficiency of sampling duration, for foraging time 

analysis. Due to the data similarity of the original treatments, each paddock was used as a 

replicate in each of the seasons, generating 12 replicates in summer; 24 replicates in autumn; 

36 replicates in winter; and 18 replicates in spring. Differences between seasons were not 
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compared because of the differences in day length among seasons and because the differences 

in green biomass availability and herbage quality. 

 Validation of the timing and duration of observation periods, in each season, were 

accounted for foraging, rumination and other activities times observed along uninterrupted 

periods of 24 hours. Treatments consist in evaluation of four distinct periods having different 

lengths based on the following selected intervals: sun duration -  during the day from sunrise to 

sunset (DAY-SUN); day light duration - from dawn to dusk (DAYLIGHT); DAYLIGHT plus 

two hours (DAYLIGHT+2); DAYLIGHT to midnight (DAYLIGHTto0); and the entire 24 

hours (CONTROL) (see details in Figure 1). 

(Insert Figure 1 here) 

To obtain the exactly times of sunrise and sunset, it was used historic data (mean of 30 

years) registered by the National Institute of Meteorology (INMET) station in Santa Maria, Rio 

Grande do Sul State (the platform responsible to collect these data is situated around three 

kilometers of the experimental area). The mean time of sunrise and sunset was calculated, based 

on the INMET database, for each season. Using these times, it was identified the beginning and 

the end of the DAY-SUN treatment (Table 2). This information was used for dawn and dusk 

durations as described by Miguens (1996). In this description, sun position is 6º above (sunrise) 

and -6º below (sunset) the horizon (dusk or civil twilight). The mean values of dawn and dusk 

(in minutes, mean of each season) were added to the mean sunrise and sunset hour, to determine 

the start and the end of behavior evaluations that, in turn, defined the DAYLIGHT treatment 

(see Table 2). 

 (Insert table 2 here) 
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In the DAYLIGHT+2 treatment, animals were evaluated from dawn until two hours after 

dusk ended. For the DAYLIGHTto0 treatment, behavior was evaluated between dawn and 

midnight (00:00; midnight). For DAYLIGHT+2 and DAYLIGHTto0 treatments, the end of the 

evaluations were considered a fixed period of time, until sampling sufficiency was reached. The 

evaluation period (time), even within the same treatments (except in CONTROL treatment), 

was different between climatic seasons and this fact was due to the photoperiod changes among 

climatic seasons (Figure 1), influencing the time to begin the assessments. 

2.5 Data analysis 

The statistical analyzes used a block design model where each year was considered a 

block. Each paddock was considered a replicate (mean of animals inside the paddocks) and 

there were six replicates (paddocks number in the experimental area) in each trial (15 trials 

during three years). In spring, data were analyzed with 18 replicates, in summer with 12, in 

autumn with 24 and in winter with 36 replicates. Results were presented separately by season 

due to the differences in day length between seasons. 

The analysis of foraging time (minutes per hour during 24 hours) was performed using 

the mean values of foraging time from all replicates of the database. For this analysis, data were 

separated by climatic seasons and, using mean values of all replicates in each climatic season, 

it was calculated the foraging time (minutes per hour) in each hour of the day. From this, it was 

compared the foraging time in each hour between climatic seasons. 

Initially, data were submitted to a Bartlett test followed by a Shapiro-Wilk test to check 

the homogeneity of variance and normality of residuals, respectively, at P<0.05. After checking 

it, data were submitted to the analysis of variance and F test, again at P<0.05. Means comparison 

analyzes were made using PROC MIXED (Tukey test at P<0.05) from SAS 9.2 software, 

including in the model the effects of blocks (years) and treatments (evaluation periods). The 
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criteria for sampling sufficiency of duration of observation periods was when comparisons 

between CONTROL and other treatments were similar (P>0.05). 

3 Results 

3.1 Sward characteristics 

Mean herbage mass produced during the experimental years was 3871 kg/DM.ha (DM; 

dry matter), ranging from 3017 kg/DM.ha to 4242 kg/DM.ha. Besides, mean sward height, 

without tussock species, was 20 ± 3.9cm; ranging from 17.3 ± 3.3cm to 22.5 ± 4.1cm. Sward 

characteristics were similar among the paddocks and, besides, typical of this grassland 

formation. 

 

3.2 Timing and duration of observation periods 

There were differences (P<0.05) for foraging, rumination and other activities times among 

all seasons and treatments within 24h (Table 3). There were differences in foraging time 

between DAY-SUN and DAYLIGHT treatments (treatments with lower observation period) in 

summer and winter seasons. In summer, foraging time observed in the DAY-SUN treatment 

represented 82.7% of the total time spent foraging (time observed in CONTROL) and, this 

treatment evaluated 56.9% of day length. In DAYLIGHT, foraging time observed represented 

88.1% of the total foraging time (time observed in CONTROL) and the DAYLIGHT evaluated 

60.4% of day length. These treatments (DAY-SUN and DAYLIGHT) presented lower (P<0.05) 

foraging time than the time observed in the CONTROL.  

(Insert table 3 here) 
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In winter, the DAY-SUN treatment covered 74.9% of the foraging time observed in the 

CONTROL and DAY-SUN treatment represented only 47.2% of a day length. In DAYLIGHT 

treatment, it was observed 79.7% of the foraging time observed in CONTROL and DAYLIGHT 

represented 50% of the day length. Rumination and other activities time were similar between 

DAY-SUN and DAYLIGHT treatments among all seasons. However, rumination time was 

lower in these treatments relative to the CONTROL. 

In the DAYLIGHT+2 treatment, foraging time differences were observed in the spring, 

autumn and winter comparing with other evaluation periods (treatments). In this treatment, 

foraging time was greater than the time spent foraging in the two treatments that evaluating 

foraging time only on day clarity period (DAY-SUN and DAYLIGHT) and lower than grazing 

time observed in DAYLIGHTto0 and CONTROL treatments. In spring, foraging time in 

DAYLIGHT+2 represented 88% of the CONTROL and this treatment evaluated 68.1% of the 

day length. During autumn, foraging time of DAYLIGHT+2 represented 81.5% of the foraging 

time observed in the CONTROL and this treatment evaluated 57.5% of the day length. During 

winter, foraging time in DAYLIGHT+2 represented 84.1% of the CONTROL, evaluating 

58.4% of the day length. Anyway, in any season, DAYLIGHT+2 treatment reached the foraging 

time representativeness of foraging time observed over the 24 hours of the day. In general, 

rumination and other activities time increased with the increase of the evaluated period in all 

seasons. 

Sampling sufficiency of duration of observation periods for foraging time were achieved 

when the evaluations were realized until the midnight (DAYLIGHTto0 treatment) in the four 

seasons (treatment DAYLIGHTto0 VS CONTROL; Summer P=0.485; Spring P=0.278; 

Autumn P=0.212; Winter P=0.196).  
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 Foraging time during summer season in the DAYLIGHTto0 treatment represented 97.8% 

of the foraging time measured in CONTROL, evaluating 77.1% of the day length. In spring, 

foraging time in the DAYLIGHTto0 represented 91.5% of the foraging time observed in 

CONTROL, evaluating 76.4% of day length. During winter, foraging time in the 

DAYLIGHTto0 represented 91.5% of foraging activity from CONTROL, evaluating 72.9% of 

the day length. In autumn, foraging time in the DAYLIGHTto0 represented 94.8% of activity 

from CONTROL, evaluating 73.6% of day length. Again, there was a change in the 

representativeness in the different treatments due to the differences in the time of dawn, in the 

different seasons. Despite that, there was an increase in the evaluation period until the time 

evaluated in the DAYLIGHTto0 treatment; time spent in rumination and other activities were 

different compared with CONTROL (P<0.05) 

In a general way, in summer and spring, rumination time during periods of natural clarity 

(day), only represented 37.6% of rumination time compared with 24 hour period (CONTROL). 

The remaining rumination time (62.4%) was observed during dark periods (night). In the cool 

seasons (autumn and winter), 23.9% of rumination time was observed during light periods and 

76.1% over the night. Furthermore, the remaining activities followed this same pattern: during 

summer and spring, 31.1% of other activities occurred during day period (natural light), while 

the remaining time (68.9%) was observed during the darkness. In the cool seasons (mean of 

autumn and winter), other activities were distributed 43% during day and 56.9% during 

darkness. 

3.2 Diurnal foraging patterns 

Distribution of foraging time over 24 hours presented some similarities among seasons, 

mainly when comparing warm seasons (summer and spring) with cool seasons (autumn and 

winter) (Figure 2). 
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(Insert figure 2 here) 

During spring and summer, the first more intense foraging cycle (or peak) occurred 

earlier, around 4:00 in the morning. At 5:00, foraging activity was more intense on warm 

seasons than during cool seasons (P<0.05). In autumn and winter, the first foraging peak started 

around 6:00 hours. The difference (P<0.05) on foraging intensity between warm and cool 

seasons was observed until 8:00. In all seasons, after this more intense activity, foraging activity 

was reduced until 10:00 hours (more details in supplementary file; Table 4). 

During late morning, around 11:00, a second more intense peak of foraging activity 

occurred in the summer and it was different from other seasons (P<0.05). In this same part of 

the day (late morning and early afternoon), cool seasons and spring had a more constant 

foraging distribution. Regardless the season, during late afternoon and in the beginning of the 

night (16:00 – 20:00 hours), a second foraging peak was observed. This peak in the foraging 

activity started earlier in the autumn and winter when comparing to spring and summer. In 

winter and autumn, this intense foraging activity started around 15:00 to 16:00 hours. This 

foraging peak had, approximately, a duration of three hours, one hour less than the duration of 

the foraging peak observed during the warm season. In summer and spring, the intense foraging 

activity happened between 17:00 – 21:00 hours. 

After this foraging peak in late afternoon, foraging activity was reduced during the early 

evening. In cool seasons, this foraging activity reduction ranged from 19:00 - 22:00 hours. 

During spring, this reduction was shorter, and ranged from 21:00 to 22:00 hours and, in the 

summer season, foraging activity was evident from 21:00 - 0:00 hours. Furthermore, in spring, 

autumn and winter, heifers had another short foraging peak during the night (between 23:00 to 

1:00 hours). Only during summer, heifers presented a low foraging activity during the night. 

4. Discussion 
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Both plant and animal factors can influence animal’s foraging behavior, among other 

factors as weather and quantitative and qualitative sward characteristics (Trindade et al., 2012). 

During the three years when foraging behavior was evaluated, herbage mass and sward height 

did not limit forage intake because these variables had not values in the range of sward structure 

considered to be limiting for beef heifers intake on natural grasslands (Gonçalves et al., 2009). 

Thus, the evaluation of these variables allowed us to claim that foraging behavior of beef heifers 

in this study was not influenced by these factors. 

Recent ruminant behavior literature evaluating foraging behaviour has focused only on 

day light observations either in cool season pasture (Baggio et al., 2009), summer pasture (Silva 

et al., 2010) and natural grasslands (Mezzalira et al., 2012;; Trindade et al., 2012), in different 

types of weather. In temperate climates, weather is characterized by milder environmental 

temperatures during the day but cold environmental temperatures during the night (Champion 

et al., 1994). Thus, in this environment, foraging activity occurs predominantly during day light 

hours, probably due to the link with thermal comfort (Linnane et al., 2001). Major foraging 

events occur near sunrise and sunset, with the latter having greater intensity and longer duration 

(Gibb et al., 1998). However, in tropical and sub-tropical conditions, as it was demonstrated in 

this experiment, animals have more dispersed foraging activities over 24 hours, independently 

of the season. Supporting this, according with some authors (Phillips & Leaver, 1986; Gregorini 

et al., 2006; Gregorini et al., 2008), in subtropical and tropical climates, animals can take a 

significant part of foraging during non-daylight hours together with rumination and rest.   

Another important fact is that hibernal grass species have a high nutritional quality 

(typical feature of the pastures in temperate climate), supporting the nutritional demands of the 

animals over the entire day. Due to this, night foraging activity is usually characterized as 

occurring in shorter intervals and in less intense bouts. Overall night foraging represents a small 

percentage of daily foraging time and contribute minimally to daily herbage intake in temperate 



79 
 
climates (O’Connell et al., 1989; Krysl and Hess, 1993). Differently, in natural grasslands, as 

in our experiment, sometimes the nutrient concentrations of the pasture are not so high and, 

consequently, animals have to spend more time around the day to attend their energetic 

requirements.  

 According with our treatments, evaluations of foraging time which considered only day 

length (DAY-SUN and DAYLIGHT) were incomplete in representing foraging time of heifers 

over 24 hours (CONTROL). In these treatments, foraging time was significantly lower than 

foraging time evaluated in the CONTROL treatment. Even when two hours were added at the 

end of sunset (DAYLIGHT+2), the time spent foraging was significantly lower than foraging 

time measured over all 24 h (CONTROL). This definitively suggests there is a significant 

nighttime foraging (Figure 3).  

Champion et al. (1994) and Gregorini et al. (2006; 2008) suggest that both sheep and 

cows may have significant meals at night. In temperate climates, ruminants have around three 

major grazing events per day: at sunrise, around 12:00 and at sunset (Gibb et al., 1998). 

However, this pattern is flexible and affected by external environment conditions, especially 

environmental temperatures. According to Gregorini et al. (2006), an adaptation could be an 

increase in the length of foraging events and a decrease in the number of meals during short 

days, or ruminants could increase meals number, including time at night to allocate these meals. 

However,  DAYLIGHTto0 treatment had, an average, 35 minutes less of total foraging 

time than the CONTROL, but this difference was not significant (P>0.05) between these 

treatments. So, it is possible to confirm that the time extent of foraging behaviour assessments 

that should be evaluated, because this period (DAYLIGHTto0) represented the total foraging 

time performed in the CONTROL treatment. Thus, with the evaluation of 75% of the entire 

day, all day light period and part of the dark period (in this case, until midnight), it was possible 
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to evaluate a correspondent period to CONTROL treatment. Additionally, our data support, in 

a tropical climate situation, the affirmation that sunlight (including dawn and dusk) has a strong 

influence in the animal activity (Rutter et al., 2002). Besides, another important fact is that 

foraging events, which occur after sunset, should not be underestimated (Krysl and Hess, 1993). 

Nevertheless, trails assuming that foraging time observed only between sunrise and sunset 

(natural light) represents an accurate estimate of the foraging time, are underestimating the real 

time that animals spend foraging. This error can become magnified when this incomplete 

information is used to estimate/calculate other behaviour variables (e.g. bite mass) causing 

serious misunderstandings. 

In some trials, bite mass is estimated through the division of daily animal intake by the 

daily bites number that, in turn, it is estimated by multiplying the bite rate by total foraging 

time. Our data suggest that it is possible to estimate more accurately by using foraging time 

recorded between dawn until midnight (0:00h). It is also recommended a preliminary trial for 

identifying main intervals of foraging activity. Using the results generated by our data, it is 

possible to reduce 25% in the total evaluation period with no effects in foraging 

representativeness [all seasons mean: 94% of the total grazing time observed in the CONTROL 

treatment (P>0.05)]. This protocol reduces possible overestimations of other dependent 

variables of foraging time and allows the comparison between trials conducted in similar 

conditions. 

Besides, foraging distribution parameters observed over a 24 hour period (Figure 3) and 

daily patterns of foraging activity were validated with our data (Linnane et al., 2001). Clearly, 

foraging activity occurs mainly during day light and the influence of day length changes the 

animal’s foraging pattern. Moreover, the different foraging peaks, during different seasons, 

demonstrate the animal’s ability to adapt their foraging activity to variations in daylight, 

reserving most rumination and rest activities for periods of darkness. Besides, there are other 
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factors to determine this pattern as the difficulty of food selection in dark periods (Linnane et 

al., 2001), defense mechanisms (Rook and Huckle, 1997) and hormonal factors (Gregorini, 

2012). 

The extent of foraging taking place at daylight in summer and spring (higher 

temperatures) compared to autumn and winter (lower temperatures) were not highly variable, 

even though the peaks in this behaviour occur during different periods of the day. In summer 

and spring, foraging begins earlier in the day compared to the autumn and winter seasons. In 

the same way, foraging peak during the morning is more intense on warm seasons than cool 

seasons. This fact is probably due to the larger photoperiod encouraging the animals to start 

foraging earlier (Gregorini et al., 2006; 2008) and, in this way, it would reduce the need for 

foraging during the hottest period of the day (late-morning/early afternoon). 

After animal´s first meal (morning grazing peak), animals decrease the time that they 

spend foraging, probably due to the rumen filling (Demment et al., 1995). Another very 

important fact supported by our data is the relation with the use of feeding supplements: in 

production systems, when the use of supplementary source of feeding is necessary, supplements 

should be offered to the animals between the peaks of foraging. Thus, with this management, it 

is possible to reduce substitution of herbage by supplement. Furthermore, when it is used 

energetic supplements, this management allows a better use of herbage nitrogen (Poppi and 

Mclennan, 1995). 

Foraging peak during earlier afternoon, during the autumn and winter compared to 

summer and spring, may be a consequence of the interaction of photoperiod and environmental 

temperatures. The first are related to the light period, when animals can distribute better their 

grazing activity (Linnane et al., 2001), avoiding the high temperature periods of the day. 

Secondly, animals start foraging when temperatures are milder (afternoon end). In seasons with 
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high environmental temperatures, foraging peak [mainly in summer (Gregorini et al., 2006; 

2008)] is slightly longer than in other seasons. 

The longer duration and later start of the afternoon foraging peak, probably, influence the 

latter onset of foraging over the night period, during the summer. Only during the summer, 

animals did not present a meal during night between 22:00 to 1:00h. Foraging events over the 

night are also necessary for the animals to maintain their metabolic heat production (by rumen 

fermentation), during cool seasons (Forbes, 2007). Furthermore, our data of nighttime 

behaviour observations contradict the assumption that heifers do not forage for significant 

periods at night (Phillips e Leaver, 1986; O’Connell et al., 1989; Krysl and Hess, 1993). 

Therefore, in this type of experiment, if one of the experimental goals is to measure the length 

of foraging events, it would be necessary to accurately evaluate periods of night time foraging, 

especially under subtropical and tropical climate conditions. 

5. Conclusion 

Visual observations starting at dawn until the mid-night hour were able to represent the 

total foraging time in a subtropical natural grassland. This period could be used to represent 

foraging activities performed during the entire day and, besides, it could be useful for 

calibration of automatic recording devices.  

Diurnal evaluations of foraging behavior of beef heifers do not contemplate the necessary 

time to represent foraging activities in natural grasslands, in subtropical and tropical conditions. 

Beef heifers managed in natural grassland have a diurnal pattern of foraging. However, 

there are significant foraging events in dark periods and there are also significant changes 

between seasons in the moments that animals perform these events. 
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Figures list: 

 

Figure 1 - Graphical timeline representation of the timing and duration of evaluations of 

grazing behaviour in 24 hours (Control; 1440 minutes assessment) and the tested periods of 

time (treatments): DAY-SUN (sunrise to sunset); DAYLIGHT (down to nightfall); 

DAYLIGHT+2 (down to nightfall plus two hours after dark) and MIDNIGHTto0 (down until 

midnight) 
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Figure 2 - Mean foraging time (minutes per hour) of beef heifers, over 24 hours, managed in 

natural grassland under rotational grazing method among the four climatic seasons over the 

years of 2010 to 2012 (*Different capital letters in column differs among them by Tukey test at 

5%) 
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Tables list: 

Table 1 - Mean initial body weight, age and number of beef heifers monitored during a 

study to quantify the daily foraging activities 

Body weight is expressed as kg BW. Age is expressed as months. Monitored animals is the 

number of animals assessed in each evaluation year. Breed type represents the breed of 

animals assessed each year. Date of behavior evaluations represents the dates where the 

assessments were performed 

 20101 20112 20122 

Body Weight  215 177 185 

Age  18 12 12 

Monitored animals 24 36 24 

Breed type Angus 
Angus; 

Charolais×Nelore 
Angus 

Date of behaviour  

evaluations³ 

Jun, 11 Jan, 20 Jan, 16 

Aug, 15 Apr, 09 Mar, 24 

Sep, 30 Jun, 04 May, 26 

Dec, 17 Jul, 19 Jul, 07 

 Sep, 03 Sep, 12 

 Nov, 18  

¹from Sep to Dec; ²in 2011 and 2012, heifers started with 12 months remaining in paddocks until they reached 24 

months; ³ June, July and August represent winter; September represents spring; December and January represent 

summer and March, April and May represent autumn. 
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Table 2 - Mean hour of dawn, sunrise, sunset and dusk among the four climatic seasons 

during a study to quantify the daily foraging activities of beef heifers 

See the text for the definitions of dawn, sunrise, sunset and dusk. Mean hours of the events are 

an average of the last 30 years, provided by the National Institute of Meteorology 

(INMET). 

Event Climatic Seasons 

 Summer Autumn Winter Spring 

Dawn 05:53 06:53 06:55 05:23 

Sunrise 06:04 07:05 07:07 05:44 

Sunset 19:24 18:03 18:07 19:02 

Dusk 19:46 18:20 18:25 19:24 
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Table 3 - Grazing, rumination and other activities times of beef heifers in a natural 

grassland managed under rotational grazing among the four climatic seasons 

See text for definition of the different treatments (Control, SUN-DAY, DAYLIGHT, 

DAYLIGHT+2 and DAYLIGHTto0). Grazing, rumination and other activities 

(Other act.) are expressed in minutes. Different lowercase letters in line differ by 

Tukey test at 5% *Standard mean deviation 

  Evaluation periods (Treatments) 

STD* P-value 

Min/day 

CONTRO

L 

SUN-

DAY 
DAYLIGHT 

DAYLIGH

T +2 

DAYLIG

HTto0 

Summer        

Grazing 648a 536c 571b 597b 634a 11.2 0.001 

Rumination 517a 191d 196d 267c 321b 13.8 0.001 

Other act. 275a 93c 103c 126bc 155b 13.8 0.001 

Spring        

Grazing 692a 549c 575c 609b 633a 14.7 0.001 

Rumination 473a 164d 176d 230c 311b 10.2 0.001 

Other act. 275a 97c 109c 141bc 156b 12.4 0.001 

Autumn        

Grazing 637a 449c 475c 521b 602a 12.9 0.001 

Rumination 469a 114d 122d 176c 270b 9.2 0.001 

Other act. 334a 107c 113c 133c 178b 10.4 0.001 

Winter        

Grazing 597a 447d 476c 502b 566a 7.7 0.001 

Rumination 437a 91d 95d 167c 303b 8.1 0.001 

Other act. 406a 142d 149cd 171c 191b 9.1 0.001 
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Table 4 - Hourly mean foraging distribution of beef heifers over 24 hours foraging 

behavior assessments in a natural grassland managed under rotational grazing 

(Supplementary file) 

Timetable 
Time Foraging (min/hour) 

Standard 

error Autumn Winter Spring Summer 

00:00 01:00 21.1 a 27.5 a 23.4 a 1.8 b 3.45 

01:00 02:00 16.4 b 28.3 a 2.4 a 7.5 c 2.97 

02:00 03:00 11.3 b 16.7 b 24.7 a 11.0 b 2.76 

03:00 04:00 8.6 b 5.2 b 16.9 a 14.6 a 2.7 

04:00 05:00 6.1 b 2.7 b 13.1 a 4.6 b 2.3 

05:00 06:00 2.0 b 3.3 b 16.4 a 3.1 b 3.21 

06:00 07:00 4.8 b 9.0 b 25.9 a 14.2 ab 4.13 

07:00 08:00 31.5 b 25.4 b 43.1 a 26.3 b 4.4 

08:00 09:00 33.5   41.1 39.1 41.6 3.47 

09:00 10:00 28.6   37.8 26.6 31.1 3.64 

10:00 11:00 36.2 29.1 30.7 25.6 4.11 

11:00 12:00 40.4 33.3 37.1 35.8 3.38 

12:00 13:00 35.9 40.1 33.9 47.4 3.61 

13:00 14:00 38.9 a 36.6 a 27.8 b 46.8 a 2.48 

14:00 15:00 28.5 b 36.7 ab 35.2 ab 46.3 a 2.41 

15:00 16:00 36.0 42.7 31.9 33.7 2.84 

16:00 17:00 51.2 a 49.9 a 33.4 b 23.7 b 3.33 

17:00 18:00 53.9 a 55.4 a 26.9 b 21.1 b 4.47 

18:00 19:00 41.1 43.6 48.6 43.9 3.02 

19:00 20:00 20.6 b 12.9 b 51.7 a 51.4 a 4.95 

20:00 21:00 10.9 c 5.9 c 38.3 b 55.6 ab 5.43 

21:00 22:00 8.5 b 2.4 c 9.4 b 44.8 a 4.19 

22:00 23:00 14.6 4.9 12.3 10.2 2.43 

23:00 00:00 27.2 a 16.3 a 17.3 a 4.6 b 3.84 

  Time foraging is expressed in minutes for each daily hour. Different lowercase letters in line differ by Tukey 

test at 5%. 
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6. DISCUSSÃO 

 A elaboração da base de dados utilizada para confecção dos artigos aqui apresentados 

serviu como grande aprendizado em termos de compreender as dificuldades e importâncias do 

trabalho com banco de dados, da necessidade organizacional na elaboração e análise estatística 

bem como pela possibilidade de trabalhar com dados de vários anos. A utilização desse tipo de 

estratégia de pesquisa está sendo, e será cada vez mais, necessária aos pesquisadores por 

diversas razões, sejam de ordem orçamentária, ética e/ou estatística. Nesse sentido, 

estabelecemos a proposição de elaborar esse banco de dados e analisá-los conjuntamente. 

 A utilização de atributos funcionais de gramíneas para estabelecer critérios de rotação 

em pastagem natural é a grande originalidade proposta por esse dispositivo experimental. A 

partir de uma hipótese inicial que a utilização do pastoreio rotativo poderia melhorar a eficiência 

de utilização das áreas de pastagens naturais, historicamente caracterizadas pelos baixos índices 

de produtividade, utilizou-se dos dados de tipologia funcional e morfogênese das principais 

espécies de gramíneas da região para estabelecer os tratamentos (intervalos entre pastoreio). A 

partir do estabelecimento do dispositivo experimental, foram conduzidos os experimentos 

focados na compreensão das relações solo-planta-animal, sendo aqui descritas e analisadas as 

inter-relações planta-animal. 

 A utilização dos tratamentos propostos, aqui analisada ao longo dos anos, propiciou 

importantes resultados para o manejo das pastagens naturais e, por mais simples que pareça 

essa afirmação, é necessária ser realizada em vista da desconexão, que acontece algumas vezes, 

da pesquisa com as necessidades do manejador que transforma a informação em produção 

animal. Nesse sentido, as taxas de lotação obtidas com a metodologia utilizada, independente 

de tratamento ou estação climática, foram extremamente positivas em termos de maximizar a 

eficiência de uso da área, em relação às atuais possibilidades que a pesquisa apresenta aos 

produtores. Claro que, não menos importante, as taxas de lotação foram acompanhadas de 

ganhos individuais que possibilitam à categoria animal manejada, novilhas de corte, que atinjam 

o peso adequado para o acasalamento aos 24 meses. Se analisarmos a variabilidade dos ganhos 

individuais (entre -0,056 e 0,540 kg PV/dia), é notório que não há grandes ganhos individuais, 

porém, ao mesmo tempo, com as estratégias utilizadas (como a suplementação durante a estação 

fria), não houveram perdas de peso demasiadas nos animais. Esses fatores são muito 

importantes para o sistema de recria de fêmeas dentro de uma propriedade uma vez que, com 

um peso de desmame não muito elevado (160 kg PV), já seria possível o acasalamento desses 
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animais aos 24 meses, sem grandes variações nos ganhos individuais dos animais. Obviamente, 

se cogitarmos a utilização de acasalamentos mais precoces (18 ou 14 meses), que 

indubitavelmente serão os próximos passos da pecuária de corte, as necessidades de peso ao 

desmame e/ou ganhos individuais, serão outras, e que deverão ser estudadas na sequência. 

 Além disso, a combinação de consideráveis taxas de lotação com os ganhos individuais 

gerou, por fim, elevados ganhos por área. Em suma, a mensuração dos ganhos por área é uma 

medida que permite analisar os ganhos dentro do sistema ao longo do ano (ou em uma base 

diária, como também exposto). A baixa produtividade da pecuária em pastagens naturais tem 

sido o principal argumento para conversão das mesmas em outras alternativas produtivas, 

principalmente cultivos agrícolas. Logo, a metodologia de pastoreio aqui apresentada, 

consolidada através da realização de vários experimentos ao longo dos anos, valida uma 

importante ferramenta para os produtores rurais assim como para pesquisadores avançarem em 

outras sub-áreas de pesquisa (diferentes intensidades de pastejo, utilização de adubação, 

introdução de espécies, etc). 

 Outra importante resposta obtida durante a avaliação dos experimentos foi sobre os 

padrões de comportamento ingestivo de novilhas de corte em pastagens naturais. Tanto em 

pastagens naturais, como principalmente em pastagens cultivadas, o comportamento ingestivo, 

juntamente às predições de consumo, tem sido objetivo de várias pesquisas. Essa linha de 

pesquisa baseia-se na premissa de que, em suma, ambas temáticas sejam as principais preditoras 

do desempenho animal. Entretanto, principalmente nos experimentos realizados em pastagens 

naturais, se utilizavam de algumas premissas como, por exemplo, o padrão de pastejo se 

concentrar, predominantemente, durante o período diurno ou, então, a premissa de que era 

necessário avaliar durante 24 horas para que não fosse negligenciado nenhum momento 

importante do pastejo. Assim, primordialmente, as avaliações de comportamento ingestivo 

foram realizadas por períodos de 24 horas ininterruptos no dispositivo experimental; 

posteriormente, após a realização de várias avaliações, colocamos a pergunta: afinal, por quanto 

tempo seria suficiente avaliar o comportamento ingestivo dos animais?   

 Nesse sentido, os resultados demonstraram que apenas a avaliação diurna do 

comportamento ingestivo dos animais é insuficiente para extrapolar ao período de 24 horas. 

Esse é um fator bastante importante pois, as estimativas de consumo utilizam-se de informações 

que são extrapoladas por essa avaliação de comportamento ingestivo; logo, subestimações do 

período avaliado irão, ao fim e ao cabo, não apenas determinar um resultado per se não 
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fidedigno como irão gerar outros resultados incorretos. Assim, com os resultados possibilitados 

pela base de dados elaborada, houve a demonstração que a avaliação entre o alvorecer e a meia-

noite foram capazes de representar a totalidade do período de 24 horas, possibilitando que 

tenhamos (assim como outros grupos de pesquisa) uma fonte fidedigna para basearmos as 

avaliações de comportamento ingestivo em pastagens naturais. 

7. CONCLUSÃO 

A utilização do pastoreio rotativo, com intervalos de descanso baseados nas características 

morfogênicas de gramíneas nativas, foi capaz de aumentar a eficiência de utilização das áreas 

de pastagens naturais, possibilitando ganhos individuais adequados para a recria de fêmeas de 

corte entre o desmame e o acasalamento aos 24 meses de idade. 

 Avaliações de comportamento ingestivo de novilhas de corte em pastagens naturais, 

apenas durante o período diurno, não contemplam o tempo necessário para representar a 

totalidade das atividades de pastejo. Para que seja contemplada a totalidade das atividades de 

pastejo, é necessário realizar as avaliações de comportamento ingestivo entre o período do 

alvorecer e a meia-noite. 
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APÊNDICE A - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (PRIMAVERA) 
Autor Experimento Tratamentos Estação Rep Bloco FA FMe FMs FMm CH VD FMg 

Garagorry; F.C.  1 375 Primav. 1 Baixo 14.1 3774.0 2573.6 3173.8 16.0 235.9 1157.5 

Garagorry; F.C. 1 375 Primav. 2 Encosta 14.5 3987.0 2557.4 3272.2 11.5 346.7 1229.0 

Garagorry; F.C. 1 375 Primav. 3 Topo 15.1 3011.5 2181.1 2596.3 12.0 251.0 928.0 

Garagorry; F.C. 1 750 Primav. 4 Baixo 9.2 3699.0 1725.8 2712.4 19.0 194.7 1110.0 

Garagorry; F.C. 1 750 Primav. 5 Encosta 9.1 5397.0 2245.3 3821.1 20.0 269.9 1619.0 

Garagorry; F.C. 1 750 Primav. 6 Topo 9.4 4929.0 2098.1 3513.5 14.0 352.1 1479.0 

Barbieri, C. W. 3 375 Primav. 7 Baixo 4.5 1116.3 924.9 1020.6 8.9 124.9 659.1 

Barbieri, C. W. 3 375 Primav. 8 Encosta 3.3 4267.7 3552.7 3910.2 14.6 293.0 2062.3 

Barbieri, C. W. 3 375 Primav. 9 Topo 6.0 2392.1 2148.8 2270.5 10.6 225.1 1095.2 

Barbieri, C. W. 3 750 Primav. 10 Baixo 5.1 2686.6 2299.9 2493.2 13.4 199.8 1402.3 

Barbieri, C. W. 3 750 Primav. 11 Encosta 5.3 3905.2 3280.8 3593.0 15.1 258.2 1849.6 

Barbieri, C. W. 3 750 Primav. 12 Topo 4.3 2625.3 2192.7 2409.0 12.6 207.6 1620.7 

Kuinchtner, B.C. 5 375 Primav. 13 Baixo 18.1 3049.2 2567.6 1872.4 17.6 106.4 843.5 

Kuinchtner, B.C. 5 375 Primav. 14 Encosta 29.8 6800.2 5093.6 3964.8 24.7 160.8 2295.3 

Kuinchtner, B.C. 5 375 Primav. 15 Topo 24.1 5447.3 4238.3 3228.7 21.2 152.0 1369.4 

Kuinchtner, B.C. 5 750 Primav. 16 Baixo 13.1 3895.3 3935.7 2610.5 18.3 142.9 1383.4 

Kuinchtner, B.C. 5 750 Primav. 17 Encosta 11.6 4542.8 3774.4 2772.5 25.3 109.6 1602.1 

Kuinchtner, B.C. 5 750 Primav. 18 Topo 16.2 4865.2 4782.8 3216.1 24.8 129.7 1796.7 
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APÊNDICE B - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (PRIMAVERA) - 

CONTINUAÇÃO 
Autor Experimento Tratamentos Estação Rep Bloco SM CP NDF SR ADG BWGs BWGd 

Garagorry; F.C.  1 375 Primav. 1 Baixo 2616.5 8.0 78.0 2240.0 0.110 124.4 1.37 

Garagorry; F.C. 1 375 Primav. 2 Encosta 2758.0 10.0 76.7 2677.5 0.215 287.8 3.16 

Garagorry; F.C. 1 375 Primav. 3 Topo 2083.5 8.1 76.6 1553.0 0.220 177.5 1.95 

Garagorry; F.C. 1 750 Primav. 4 Baixo 2589.0 8.5 76.6 2030.0 0.050 52.2 0.57 

Garagorry; F.C. 1 750 Primav. 5 Encosta 3778.0 8.4 77.6 3242.5 0.130 201.9 2.22 

Garagorry; F.C. 1 750 Primav. 6 Topo 3450.0 9.4 76.6 2912.5 0.075 113.1 1.24 

Barbieri, C. W. 3 375 Primav. 7 Baixo 457.2 9.7 76.9 419.7 0.429 85.7 0.94 

Barbieri, C. W. 3 375 Primav. 8 Encosta 2205.4 10.2 77.5 1568.0 0.299 214.5 2.36 

Barbieri, C. W. 3 375 Primav. 9 Topo 1296.9 7.8 77.5 533.8 0.449 113.1 1.24 

Barbieri, C. W. 3 750 Primav. 10 Baixo 1284.3 8.1 75.5 479.9 0.252 57.8 0.64 

Barbieri, C. W. 3 750 Primav. 11 Encosta 2055.6 9.1 75.4 779.2 0.377 138.9 1.53 

Barbieri, C. W. 3 750 Primav. 12 Topo 1004.6 8.7 75.8 547.5 0.310 75.5 0.83 

Kuinchtner, B.C. 5 375 Primav. 13 Baixo 933.1 7.9 73.2 467.9 0.345 90.0 0.99 

Kuinchtner, B.C. 5 375 Primav. 14 Encosta 1526.7 . . 627.5 0.296 97.7 1.07 

Kuinchtner, B.C. 5 375 Primav. 15 Topo 1666.0 9.8 72.4 615.4 0.325 105.4 1.16 

Kuinchtner, B.C. 5 750 Primav. 16 Baixo 1245.9 9.3 70.6 585.7 0.261 75.1 0.83 

Kuinchtner, B.C. 5 750 Primav. 17 Encosta 1061.3 8.0 72.2 732.3 0.313 117.7 1.29 

Kuinchtner, B.C. 5 750 Primav. 18 Topo 1373.7 7.3 76.9 576.3 0.223 69.3 0.76 
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APÊNDICE C - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (VERÃO) 
Autor Experimento Tratamentos Estação Rep Bloco FA FMe FMs FMm CH VD FMg 

Garagorry; F.C. 1 375 Verão 1 Baixo 17.5 3790.3 2823.4 3306.8 17.8 213.5 2141.0 

Garagorry; F.C. 1 375 Verão 2 Encosta 17.9 2455.8 1803.1 2129.4 11.8 209.0 1389.0 

Garagorry; F.C. 1 375 Verão 3 Topo 18.0 3031.3 2249.4 2640.3 14.3 212.7 1724.3 

Garagorry; F.C. 1 750 Verão 4 Baixo 12.9 4352.5 2863.3 3607.9 18.0 241.8 2031.5 

Garagorry; F.C. 1 750 Verão 5 Encosta 12.3 4826.8 3058.4 3942.6 19.5 247.5 2284.8 

Garagorry; F.C. 1 750 Verão 6 Topo 12.9 3943.0 2595.6 3269.3 16.0 246.4 1863.8 

Barbieri, C. W. 3 375 Verão 7 Baixo 6.4 2030.4 1756.7 1893.6 13.9 145.8 1454.0 

Barbieri, C. W. 3 375 Verão 8 Encosta 5.4 2798.6 2443.6 2621.1 15.3 183.1 1525.5 

Barbieri, C. W. 3 375 Verão 9 Topo 5.6 3422.2 2880.6 3151.4 13.5 254.4 1990.9 

Barbieri, C. W. 3 750 Verão 10 Baixo 4.7 3216.1 2493.7 2854.9 19.5 165.1 1730.1 

Barbieri, C. W. 3 750 Verão 11 Encosta 5.1 3542.2 2880.3 3211.3 17.8 199.1 1925.7 

Barbieri, C. W. 3 750 Verão 12 Topo 4.0 4728.2 3599.7 4163.9 19.5 242.5 2642.2 

Kuinchtner, B.C. 5 375 Verão 13 Baixo 20.6 3561.4 3274.0 2278.6 22.3 102.2 1442.5 

Kuinchtner, B.C. 5 375 Verão 14 Encosta 28.2 4263.9 4836.7 3033.7 24.1 126.1 2085.8 

Kuinchtner, B.C. 5 375 Verão 15 Topo 17.2 3912.4 2969.3 2294.0 18.9 121.3 1403.7 

Kuinchtner, B.C. 5 750 Verão 16 Baixo 19.8 4848.9 4726.9 3192.1 20.3 157.1 1697.2 

Kuinchtner, B.C. 5 750 Verão 17 Encosta 17.7 4334.3 5661.7 3332.1 29.7 112.1 2102.3 

Kuinchtner, B.C. 5 750 Verão 18 Topo 21.1 5812.8 5131.5 3648.3 30.0 121.8 2274.2 
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APÊNDICE D - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (VERÃO) - CONTINUAÇÃO 
Autor Experimento Tratamentos Estação Rep Bloco SM CP NDF SR ADG BWGs BWGd 

Garagorry; F.C. 1 375 Verão 1 Baixo 1649.3 8.2 78.6 2073.0 0.312 291.4 3.20 

Garagorry; F.C. 1 375 Verão 2 Encosta 1066.8 10.0 78.0 1401.7 0.255 160.6 1.77 

Garagorry; F.C. 1 375 Verão 3 Topo 1307.0 8.6 79.4 1683.7 0.432 321.3 3.53 

Garagorry; F.C. 1 750 Verão 4 Baixo 2321.0 8.5 77.3 1681.9 0.257 202.7 2.23 

Garagorry; F.C. 1 750 Verão 5 Encosta 2542.0 9.0 78.6 1998.0 0.180 159.2 1.75 

Garagorry; F.C. 1 750 Verão 6 Topo 2079.3 8.9 76.7 1520.1 0.262 188.5 2.07 

Barbieri, C. W. 3 375 Verão 7 Baixo 576.4 8.7 74.3 612.9 0.361 92.1 1.01 

Barbieri, C. W. 3 375 Verão 8 Encosta 1273.0 11.0 76.8 790.9 0.433 137.4 1.51 

Barbieri, C. W. 3 375 Verão 9 Topo 1431.3 8.8 77.8 1210.4 0.471 229.8 2.52 

Barbieri, C. W. 3 750 Verão 10 Baixo 1485.9 7.0 76.3 937.3 0.234 96.1 1.06 

Barbieri, C. W. 3 750 Verão 11 Encosta 1616.5 8.1 76.2 857.6 0.379 134.4 1.48 

Barbieri, C. W. 3 750 Verão 12 Topo 2086.1 8.1 77.3 1463.4 0.332 193.8 2.13 

Kuinchtner, B.C. 5 375 Verão 13 Baixo 659.4 7.7 71.4 508.0 0.323 76.7 0.84 

Kuinchtner, B.C. 5 375 Verão 14 Encosta 876.5 8.2 71.4 493.9 0.299 66.4 0.73 

Kuinchtner, B.C. 5 375 Verão 15 Topo 788.7 7.3 68.6 608.0 0.348 93.4 1.03 

Kuinchtner, B.C. 5 750 Verão 16 Baixo 1365.7 8.5 69.1 493.7 0.175 37.9 0.42 

Kuinchtner, B.C. 5 750 Verão 17 Encosta 1145.9 8.7 68.2 576.3 0.314 78.9 0.87 

Kuinchtner, B.C. 5 750 Verão 18 Topo 1239.3 8.5 72.4 528.7 0.267 66.3 0.73 
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APÊNDICE E - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (OUTONO) 
Autor Experimento Tratamentos Estação Rep Bloco FA FMe FMs FMm CH VD FMg 

Kuinchtner, B.C. 5 375 Outono 1 Baixo 18.6 3835.0 3133.6 2323.1 23.0 101.1 1081.0 

Kuinchtner, B.C. 5 375 Outono 2 Encosta 21.7 3653.9 3730.3 2461.6 22.4 110.0 1228.4 

Kuinchtner, B.C. 5 375 Outono 3 Topo 19.2 3999.8 4356.7 2785.7 19.5 142.9 1360.8 

Kuinchtner, B.C. 5 750 Outono 4 Baixo 12.0 4285.8 3603.8 2630.1 22.3 117.8 1224.1 

Kuinchtner, B.C. 5 750 Outono 5 Encosta 11.3 4504.6 3739.9 2748.3 27.3 100.5 1204.7 

Kuinchtner, B.C. 5 750 Outono 6 Topo 14.3 5640.3 4396.6 3345.8 35.7 93.8 1639.5 

Casanova, P. T. 7 375 Outono 7 Baixo 51.9 . . 5600.1 26.9 208.1 2314.7 

Casanova, P. T. 7 375 Outono 8 Encosta 52.4 . . 7108.3 22.6 314.6 2586.9 

Casanova, P. T. 7 375 Outono 9 Topo 51.8 . . 6812.9 27.0 252.8 2682.4 

Casanova, P. T. 7 750 Outono 10 Baixo 31.5 . . 6650.6 42.5 156.4 2874.8 

Casanova, P. T. 7 750 Outono 11 Encosta 31.4 . . 5818.8 23.5 247.4 1947.5 

Casanova, P. T. 7 750 Outono 12 Topo 31.1 . . 5395.6 29.9 180.4 2582.5 

 

 

 

 

 

 

 

 



110 
 

APÊNDICE F - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (OUTONO) - CONTINUAÇÃO 
Autor Experimento Tratamentos Estação Rep Bloco SM CP NDF SR ADG BWGs BWGd 

Kuinchtner, B.C. 5 375 Outono 1 Baixo 1080.8 5.9 73.5 452.8 0.144 39.3 0.43 

Kuinchtner, B.C. 5 375 Outono 2 Encosta 1109.2 8.4 75.1 409.6 0.043 10.4 0.11 

Kuinchtner, B.C. 5 375 Outono 3 Topo 1241.5 7.9 72.1 507.1 0.218 63.1 0.69 

Kuinchtner, B.C. 5 750 Outono 4 Baixo 1298.4 7.3 73.4 451.4 0.070 17.9 0.20 

Kuinchtner, B.C. 5 750 Outono 5 Encosta 1464.8 7.3 76.4 496.9 0.106 32.4 0.36 

Kuinchtner, B.C. 5 750 Outono 6 Topo 1586.7 8.7 71.6 468.1 0.037 10.8 0.12 

Casanova, P. T. 7 375 Outono 7 Baixo 3224.5 5.9 74.5 397.6 0.097 15.1 0.17 

Casanova, P. T. 7 375 Outono 8 Encosta 4427.8 7.8 80.8 393.3 0.014 2.2 0.02 

Casanova, P. T. 7 375 Outono 9 Topo 4007.2 6.1 72.7 398.0 0.131 20.5 0.23 

Casanova, P. T. 7 750 Outono 10 Baixo 3707.0 5.2 75.2 357.8 0.188 25.7 0.28 

Casanova, P. T. 7 750 Outono 11 Encosta 3767.5 6.9 75.8 359.7 0.094 12.9 0.14 

Casanova, P. T. 7 750 Outono 12 Topo 2668.6 6.6 72.4 362.8 0.159 21.8 0.24 
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APÊNDICE G - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (INVERNO) 

Autor Experimento Tratamentos Estação Rep Bloco FA FMe FMs FMm CH VD FMg 

Carvalho, T.H.N. 4 375 Inverno 1 Baixo 31.9 3406.5 2956.8 3181.7 . . . 

Carvalho, T.H.N. 4 375 Inverno 2 Encosta 34.3 4676.0 4073.5 4374.7 . . . 

Carvalho, T.H.N. 4 375 Inverno 3 Topo 31.0 3819.2 3281.2 3550.2 . . . 

Carvalho, T.H.N. 4 750 Inverno 4 Baixo 23.2 5737.5 4798.6 5268.1 . . . 

Carvalho, T.H.N. 4 750 Inverno 5 Encosta 21.9 6071.0 5016.7 5543.9 . . . 

Carvalho, T.H.N. 4 750 Inverno 6 Topo 28.9 5163.1 4419.5 4791.3 . . . 

Kuinchtner, B.C. 6 375 Inverno 7 Baixo 15.0 3580.0 2791.3 2124.0 14.2 149.8 668.8 

Kuinchtner, B.C. 6 375 Inverno 8 Encosta 24.0 4861.8 4719.2 3193.9 12.9 248.1 987.0 

Kuinchtner, B.C. 6 375 Inverno 9 Topo 22.5 5223.2 4601.4 3275.1 14.7 223.1 1073.1 

Kuinchtner, B.C. 6 750 Inverno 10 Baixo 9.2 4570.4 3070.3 2547.1 19.6 130.0 725.9 

Kuinchtner, B.C. 6 750 Inverno 11 Encosta 12.9 6010.4 5297.0 3769.3 16.7 226.0 1275.2 

Kuinchtner, B.C. 6 750 Inverno 12 Topo 12.4 5820.0 4918.7 3579.8 20.9 171.2 1247.8 

Casanova, P. T. 7 375 Inverno 13 Baixo 54.4 . . 3004.6 14.2 211.6 913.0 

Casanova, P. T. 7 375 Inverno 14 Encosta 54.4 . . 4993.1 17.1 291.8 1726.3 

Casanova, P. T. 7 375 Inverno 15 Topo 53.4 . . 4948.8 16.6 297.6 1459.0 

Casanova, P. T. 7 750 Inverno 16 Baixo 32.8 . . 3811.2 13.8 277.1 1158.9 

Casanova, P. T. 7 750 Inverno 17 Encosta 30.6 . . 8698.6 17.2 505.9 2864.8 

Casanova, P. T. 7 750 Inverno 18 Topo 30.5 . . 5059.8 17.9 283.4 1624.9 

Kuinchtner, B.C. 2 375 Inverno 19 Baixo 23.0 3222.7 1972.8 2597.7 14.9 174.3 1174.4 

Kuinchtner, B.C. 2 375 Inverno 20 Encosta 36.1 4073.8 4069.2 4071.5 16.2 251.2 1150.3 

Kuinchtner, B.C. 2 375 Inverno 21 Topo 30.8 3612.8 3158.3 3385.5 16.0 211.1 1096.1 

Kuinchtner, B.C. 2 750 Inverno 22 Baixo 18.4 3129.1 3922.2 3525.7 15.9 221.1 1161.0 

Kuinchtner, B.C. 2 750 Inverno 23 Encosta 22.1 4519.1 4356.6 4437.9 17.5 253.0 1306.8 

Kuinchtner, B.C. 2 750 Inverno 24 Topo 21.5 3575.2 4558.6 4066.9 17.0 238.9 1269.6 
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APÊNDICE H - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO I (INVERNO) – 

CONTINUAÇÃO 

Autor Experimento Tratamentos Estação Rep Bloco SM CP NDF SR ADG BWGs BWGd 

Carvalho, T.H.N. 4 375 Inverno 1 Baixo . . . 647.3 0.282 63.2 0.69 

Carvalho, T.H.N. 4 375 Inverno 2 Encosta . . . 879.0 0.456 135.3 1.49 

Carvalho, T.H.N. 4 375 Inverno 3 Topo . . . 788.8 0.444 118.5 1.30 

Carvalho, T.H.N. 4 750 Inverno 4 Baixo . . . 802.2 0.454 123.1 1.35 

Carvalho, T.H.N. 4 750 Inverno 5 Encosta . . . 897.4 0.397 125.5 1.38 

Carvalho, T.H.N. 4 750 Inverno 6 Topo . . . 605.0 0.479 102.4 1.12 

Kuinchtner, B.C. 6 375 Inverno 7 Baixo 1346.0 7.1 73.7 438.7 -0.056 -14.8 -0.16 

Kuinchtner, B.C. 6 375 Inverno 8 Encosta 2143.1 8.4 71.3 410.3 0.095 22.8 0.25 

Kuinchtner, B.C. 6 375 Inverno 9 Topo 2036.4 7.2 77.3 443.8 -0.038 -9.5 -0.10 

Kuinchtner, B.C. 6 750 Inverno 10 Baixo 1767.0 8.8 77.4 451.6 0.099 24.3 0.27 

Kuinchtner, B.C. 6 750 Inverno 11 Encosta 2427.5 7.0 78.4 472.1 0.187 51.7 0.57 

Kuinchtner, B.C. 6 750 Inverno 12 Topo 2249.4 6.8 72.9 457.7 0.120 32.7 0.36 

Casanova, P. T. 7 375 Inverno 13 Baixo 2058.2 5.2 75.8 426.9 0.339 52.9 0.58 

Casanova, P. T. 7 375 Inverno 14 Encosta 3178.4 7.2 74.0 426.9 0.468 73.0 0.80 

Casanova, P. T. 7 375 Inverno 15 Topo 3436.5 6.1 64.6 435.0 0.536 83.7 0.92 

Casanova, P. T. 7 750 Inverno 16 Baixo 2604.6 7.5 64.9 374.7 0.498 64.2 0.71 

Casanova, P. T. 7 750 Inverno 17 Encosta 5731.1 8.4 70.5 402.3 0.540 73.7 0.81 

Casanova, P. T. 7 750 Inverno 18 Topo 3397.0 5.8 74.8 402.9 0.519 70.9 0.78 

Kuinchtner, B.C. 2 375 Inverno 19 Baixo 1855.7 9.8 74.7 945.5 0.264 95.1 1.05 

Kuinchtner, B.C. 2 375 Inverno 20 Encosta 2783.7 8.9 60.2 935.6 0.260 92.0 1.01 

Kuinchtner, B.C. 2 375 Inverno 21 Topo 2122.2 10.6 71.8 912.6 0.272 97.8 1.07 

Kuinchtner, B.C. 2 750 Inverno 22 Baixo 1898.0 8.1 63.2 687.5 0.335 90.4 0.99 

Kuinchtner, B.C. 2 750 Inverno 23 Encosta 3166.5 10.3 49.4 722.6 0.303 81.1 0.89 

Kuinchtner, B.C. 2 750 Inverno 24 Topo 2250.7 9.1 69.7 677.9 0.211 56.9 0.63 
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APÊNDICE I - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (PRIMAVERA) 

Experimento Estação Bloco 
CONTROL DAY-SUN DAYLIGHT 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Garagorry, 

F.C. 

Primav. 1 720.0 362.9 357.1 1440 595.7 157.1 57.1 810 634.3 153.6 72.1 860 

Primav. 2 695.7 495.7 248.6 1440 542.9 155.7 111.4 810 582.9 157.9 119.3 860 

Primav. 3 731.4 448.6 260.0 1440 632.9 87.1 90.0 810 672.9 90.7 96.4 860 

Primav. 1 585.7 518.6 335.7 1440 385.7 204.3 220.0 810 425.7 207.9 226.4 860 

Primav. 2 648.3 505.0 286.7 1440 447.1 207.1 155.7 810 487.1 216.4 156.4 860 

Primav. 3 622.9 577.1 240.0 1440 498.6 181.4 130.0 810 538.6 185.0 136.4 860 

Barbieri, 

C.W. 

Primav. 1 685.0 380.0 375.0 1440 465.0 162.5 182.5 810 500 172.5 187.5 860 

Primav. 2 697.5 505.0 237.5 1440 515.0 230.0 65.0 810 542.5 237.5 80 860 

Primav. 3 760.0 457.5 222.5 1440 520.0 225.0 65.0 810 560 232.5 67.5 860 

Primav. 1 767.5 407.5 265.0 1440 600.0 155.0 55.0 810 640 162.5 57.5 860 

Primav. 2 697.5 467.5 275.0 1440 590.0 120.0 100.0 810 630 125 105 860 

Primav. 3 722.5 430.0 287.5 1440 497.5 205.0 107.5 810 532.5 205 122.5 860 

Carvalho, 

T.H.N. 

Primav. 1 710.0 543.3 186.7 1440 610.0 171.7 28.3 810 616.7 190.0 53.3 860 

Primav. 2 766.0 482.0 192.0 1440 633.3 121.7 55.0 810 653.3 150.0 56.7 860 

Primav. 3 691.7 500.0 248.3 1440 661.7 103.3 45.0 810 666.7 146.7 46.7 860 

Primav. 1 652.0 410.0 378.0 1440 534.0 138.0 138.0 810 498.3 150.0 211.7 860 

Primav. 2 640.0 531.7 268.3 1440 543.3 175.0 91.7 810 543.3 216.7 100.0 860 

Primav. 3 651.7 490.0 298.3 1440 598.3 163.3 48.3 810 620.0 178.3 61.7 860 
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APÊNDICE J - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (PRIMAVERA) - 

CONTINUAÇÃO 

Experimento Estação Bloco 
DAYLIGHT+2 DAYLIGHTto0 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Garagorry, 

F.C. 

Primav. 1 701.4 200.0 88.6 990 711.4 274.3 144.3 1130 

Primav. 2 682.9 182.9 124.3 990 689.3 302.1 138.6 1130 

Primav. 3 731.4 157.1 101.4 990 731.4 274.3 124.3 1130 

Primav. 1 498.6 251.4 240.0 990 547.1 304.3 278.6 1130 

Primav. 2 567.1 258.6 164.3 990 603.6 327.9 198.6 1130 

Primav. 3 617.1 227.1 145.7 990 618.6 354.3 157.1 1130 

Barbieri, 

C.W. 

Primav. 1 565.0 227.5 197.5 990 642.5 272.5 215.0 1130 

Primav. 2 617.5 270.0 102.5 990 660.0 345.0 125.0 1130 

Primav. 3 617.5 285 87.5 990 710.0 320.0 100.0 1130 

Primav. 1 677.5 220 92.5 990 715.0 280.0 135.0 1130 

Primav. 2 672.5 200 117.5 990 690.0 305.0 135.0 1130 

Primav. 3 592.5 255 142.5 990 687.5 297.5 145.0 1130 

Carvalho, 

T.H.N. 

Primav. 1 616.7 310.0 63.3 990 661.7 374.2 94.2 1130 

Primav. 2 653.3 248.3 88.3 990 708.3 308.3 113.3 1130 

Primav. 3 666.7 240.0 83.3 990 681.7 320.0 128.3 1130 

Primav. 1 501.7 231.7 256.7 990 614.2 240.4 275.4 1130 

Primav. 2 543.3 310.0 136.7 990 619.2 363.8 147.1 1130 

Primav. 3 628.3 258.3 103.3 990 645.0 334.2 150.8 1130 
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APÊNDICE K - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (VERÃO) 

Experimento 

 

Estação 

 

Bloco 

 

CONTROL DAY-SUN DAYLIGHT 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Garagorry, F.C. 

 

Verão 1 620.0 505.0 315.0 1440 555 187.5 77.5 820 582.5 197.5 90 870 

Verão 2 647.5 655.0 137.5 1440 562.5 230 27.5 820 592.5 222.5 55 870 

Verão 3 627.5 467.5 345.0 1440 512.5 187.5 120 820 542.5 190 137.5 870 

Verão 1 602.5 505.0 332.5 1440 447.5 220 152.5 820 477.5 232.5 160 870 

Verão 2 577.5 517.5 345.0 1440 510 182.5 127.5 820 540 192.5 137.5 870 

Verão 3 670.0 505.0 265.0 1440 500.0 187.5 132.5 820 530.0 205 135 870 

Barbieri, C.W. 

 

Verão 1 762.5 422.5 255.0 1440 610 132.5 77.5 820 660 132.5 77.5 870 

Verão 2 665.0 580.0 195.0 1440 570 202.5 47.5 820 610 210 50 870 

Verão 3 637.5 577.5 225.0 1440 537.5 247.5 35 820 577.5 252.5 40.0 870 

Verão 1 607.5 555.0 277.5 1440 507.5 200.0 112.5 820 557.5 200.0 112.5 870 

Verão 2 645.0 512.5 282.5 1440 580.0 157.5 80.0 818 612.5 157.5 100 870 

Verão 3 702.5 412.5 325.0 1440 540 162.5 117.5 820 565 167.5 137.5 870 
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APÊNDICE L - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (VERÃO) - CONTINUAÇÃO 

Experimento 

 

Estação 

 

Bloco 

 

DAYLIGHT+2 DAYLIGHTto0 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Garagorry, F.C. 

 

Verão 1 605.0 280.0 105.0 990.0 615 337.5 157.5 1110.0 

Verão 2 622.5 310.0 57.5 990.0 635 387.5 87.5 1110.0 

Verão 3 562.5 257.5 170 990.0 600 290 220 1110.0 

Verão 1 515 290 185 990.0 576 322.5 212.5 1111.0 

Verão 2 560 265 165 990.0 570 327.5 212.5 1110.0 

Verão 3 547.5 280 162.5 990.0 645 307.5 157.5 1110.0 

Barbieri, C.W. 

 

Verão 1 682.5 182.5 125.0 990.0 737.5 225 147.5 1110.0 

Verão 2 642.5 292.5 55 990.0 665 372.5 72.5 1110.0 

Verão 3 582.5 350 57.5 990.0 627.5 407.5 75 1110.0 

Verão 1 602.5 265 122.5 990.0 607.5 340 162.5 1110.0 

Verão 2 642.5 227.5 120 990.0 645 292.5 172.5 1110.0 

Verão 3 597.5 207.5 185 990.0 675 247.5 187.5 1110.0 
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APÊNDICE M - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (OUTONO) 

Experimento Estação Bloco 
CONTROL DAY-SUN DAYLIGHT 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Garagorry, 

F.C. 

Outono 1 650.0 470.0 320.0 1440 512.5 97.5 60 670 537.5 97.5 75 710 

Outono 2 717.5 505.0 217.5 1440 512.5 135 22.5 670 542.5 135 32.5 710 

Outono 3 712.5 497.5 230.0 1440 557.5 100 12.5 670 580 100 30 710 

Outono 1 657.5 520.0 262.5 1440 485 132.5 52.5 670 507.5 132.5 70 710 

Outono 2 742.5 412.5 285.0 1440 492.5 120 57.5 670 522.5 120 67.5 710 

Outono 3 717.5 445.0 277.5 1440 520 97.5 52.5 670 540 97.5 72.5 710 

Kuinchtner, 

B.C. 

 

Outono 1 480.0 572.5 387.5 1440 337.5 187.5 145 670 382.5 190 137.5 710 

Outono 2 532.5 580.0 327.5 1440 377.5 122.5 170 670 407.5 127.5 175 710 

Outono 3 585.0 555.0 300.0 1440 400 147.5 122.5 670 427.5 160 122.5 710 

Outono 1 552.5 640.0 247.5 1440 425 200 45 670 455 217.5 37.5 710 

Outono 2 667.5 475.0 297.5 1440 485 112.5 72.5 670 517.5 120 72.5 710 

Outono 3 630.0 495.0 315.0 1440 472.5 90 107.5 670 502.5 105 102.5 710 

Carvalho, 

T.H.N. (1) 

Outono 1 666.7 345.0 428.3 1440 440 104 126 670 470.0 108.3 131.7 710 

Outono 2 611.7 393.3 435.0 1440 348 94 228 670 380.0 108.3 221.7 710 

Outono 3 700.0 323.3 416.7 1440 458 86 126 670 475.0 88.3 146.7 710 

Outono 1 568.3 416.7 455.0 1440 324 98 248 670 338.3 130.0 241.7 710 

Outono 2 646.0 370.0 424.0 1440 382 78 210 670 406.7 93.3 210.0 710 

Outono 3 693.3 385.0 361.7 1440 546 58 66 670 548.3 76.7 85.0 710 
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APÊNDICE N - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (OUTONO) - 

CONTINUAÇÃO 

Experimento Estação Bloco 
DAYLIGHT+2 DAYLIGHTto0 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Garagorry, 

F.C. 

Outono 1 560 177.5 92.5 830 620.0 295.0 135.0 1050.0 

Outono 2 620 172.5 37.5 830 677.5 295.0 77.5 1050.0 

Outono 3 647.5 145 37.5 830 680.0 265.0 105.0 1050.0 

Outono 1 542.5 202.5 85 830 657.5 285.0 107.5 1050.0 

Outono 2 577.5 172.5 80 830 690.0 232.5 127.5 1050.0 

Outono 3 582.5 150 97.5 830 697.5 210.0 142.5 1050.0 

Kuinchtner, 

B.C. 

 

Outono 1 397.5 260.0 172.5 830 477.5 352.5 220 1050.0 

Outono 2 430.0 222.5 177.5 830 532.5 317.5 200 1050.0 

Outono 3 487.5 217.5 125.0 830 547.5 347.5 155 1050.0 

Outono 1 490.0 267.5 72.5 830 517.5 425 107.5 1050.0 

Outono 2 557.5 170.0 102.5 830 630 302.5 117.5 1050.0 

Outono 3 547.5 160.0 122.5 830 587.5 307.5 155 1050.0 

Carvalho, 

T.H.N. (1) 

Outono 1 551.7 128.3 150.0 830 648.3 186.7 215.0 1050.0 

Outono 2 430.0 146.7 253.3 830 545.0 215.0 290.0 1050.0 

Outono 3 501.7 140.0 188.3 830 631.7 203.3 215.0 1050.0 

Outono 1 423.3 143.3 263.3 830 495.0 228.3 326.7 1050.0 

Outono 2 440.0 153.3 236.7 830 553.3 190.0 306.7 1050.0 

Outono 3 580.0 148.3 101.7 830 643.3 208.3 198.3 1050.0 
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APÊNDICE O - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (INVERNO) 

Experimento Estação Bloco 
CONTROL DAY-SUN DAYLIGHT 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Kuinchtner, 

B.C. 

 

 

 

Inverno 1 390.3 430.7 1440.0 1440 505.0 61.9 113.1 680 529.4 67.2 123.3 720 

Inverno 2 406.7 409.3 1440.0 1440 476.6 90.0 113.4 680 496.1 100.0 123.9 720 

Inverno 3 425.0 349.4 1440.0 1440 493.3 111.1 75.6 680 521.7 127.8 70.6 720 

Inverno 1 390.0 437.2 1440.0 1440 401.1 78.3 200.6 680 427.2 80.6 212.2 720 

Inverno 2 468.3 402.2 1440.0 1440 463.9 107.2 108.9 680 488.9 118.9 112.2 720 

Inverno 3 391.9 394.9 1440.0 1440 451.7 93.6 134.8 680 472.2 98.3 149.4 720 

Carvalho, 

T.H.N. (1) 

 

Inverno 1 693.3 405.0 341.7 1440 570.0 56.7 53.3 680 606.7 53.3 60.0 720 

Inverno 2 626.7 441.7 371.7 1440 475.0 106.7 98.3 680 513.3 113.3 93.3 720 

Inverno 3 636.7 316.7 486.7 1440 521.7 68.3 90.0 680 551.7 68.3 100.0 720 

Inverno 1 613.3 458.3 368.3 1440 406.7 110.0 163.3 680 445.0 111.7 163.3 720 

Inverno 2 725.0 466.7 248.3 1440 563.3 73.3 43.3 680 585.0 78.3 56.7 720 

Inverno 3 673.3 440.0 326.7 1440 465.0 88.3 126.7 680 505.0 88.3 126.7 720 

Carvalho, 

T.H.N. (2) 

 

Inverno 1 563.3 431.7 445.0 1440 400.0 65.0 215.0 680 440.0 68.3 211.7 720 

Inverno 2 566.7 439.2 434.2 1440 407.5 94.6 177.9 680 444.2 93.8 182.1 720 

Inverno 3 556.7 471.7 411.7 1440 403.3 80.0 196.7 680 445.0 75.0 200.0 720 

Inverno 1 525.8 515.8 398.3 1440 375.8 98.3 205.8 680 405.8 102.1 212.1 720 

Inverno 2 492.9 493.5 453.3 1440 383.3 101.7 195.0 680 402.9 102.1 215.0 720 

Inverno 3 542.1 491.7 406.3 1440 401.3 110.0 168.8 680 421.3 114.6 184.2 720 
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APÊNDICE P - VARIÁVEIS UTILIZADAS PARA ELABORAÇÃO DA BASE DE DADOS ARTIGO II (INVERNO) - 

CONTINUAÇÃO 

Experimento Estação Bloco 
DAYLIGHT+2 DAYLIGHTto0 

Pastejo Rumin. Ócio Total Pastejo Rumin. Ócio Total 

Kuinchtner, 

B.C. 

 

 

 

Inverno 1 542.2 137.2 180.6 860 592.8 204.4 252.8 1050 

Inverno 2 512.2 160.6 187.2 860 580.6 233.9 235.6 1050 

Inverno 3 531.7 212.2 116.1 860 619.4 236.1 194.4 1050 

Inverno 1 485.0 123.9 251.1 860 596.1 201.7 252.2 1050 

Inverno 2 490.6 208.9 160.6 860 531.7 286.1 238.9 1050 

Inverno 3 507.8 165.6 186.7 860 604.4 230.0 215.6 1050 

Carvalho, 

T.H.N. (1) 

 

Inverno 1 618.3 106.7 135.0 860 658.3 181.7 210.0 1050.0 

Inverno 2 568.3 165.0 126.7 860 578.3 273.3 198.3 1050.0 

Inverno 3 553.3 121.7 185.0 860 591.7 153.3 305.0 1050.0 

Inverno 1 493.3 175.0 191.7 860 588.3 238.3 223.3 1050.0 

Inverno 2 588.3 173.3 98.3 860 666.7 228.3 155.0 1050.0 

Inverno 3 550.0 165.0 145.0 860 641.7 218.3 190.0 1050.0 

Carvalho, 

T.H.N. (2) 

 

Inverno 1 506.1 171.5 182.4 860 541.3 238.3 270.4 1050 

Inverno 2 489.4 212.4 158.2 860 510.4 270.7 268.9 1050 

Inverno 3 479.4 173.6 206.9 860 510.8 274.2 265.0 1050 

Inverno 1 446.7 217.9 195.4 860 494.6 295.0 260.4 1050 

Inverno 2 468.3 227.9 163.8 860 481.3 295.8 272.9 1050 

Inverno 3 456.4 234.3 169.3 860 510.0 273.7 266.3 1050 
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details and uploading your files. The system converts your article files to a single PDF file used 

in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your 

article for final publication. All correspondence, including notification of the Editor's decision 

and requests for revision, is sent by e-mail. 

Suggest Reviewers 

Referees All authors must suggest a minimum of 3 reviewers on submission, together with their 

email details. The suggested reviewers should not be a colleague, a close collaborator or in the 

same institutional location as the author(s). 

PREPARATION 

Use of word processing software 

It is important that the file be saved in the native format of the word processor used. The text 

should be in single-column format. Keep the layout of the text as simple as possible. Most 

formatting codes will be removed and replaced on processing the article. In particular, do not 

use the word processor's options to justify text or to hyphenate words. However, do use bold 

face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, 

use only one grid for each individual table and not a grid for each row. If no grid is used, use 

tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar 

to that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that 

source files of figures, tables and text graphics will be required whether or not you embed your 

figures in the text. See also the section on Electronic artwork. 

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-

check' functions of your word processor. 

Types of Article 

Research Papers report original findings on all rangeland topics and must be based on a sound 

conceptual framework and a rigorous test of experimental hypotheses. The experimental design 

should be clearly described and analyzed with appropriate statistical procedures, and 

conclusions should be limited to the appropriate inference space. Papers that are descriptive 

(e.g., characterize landscape patterns or classify vegetative communities) or that are based on 

quantitative models are also appropriate. 
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Forum Papers are conceptual in nature and provide an in-depth analysis or summary of 

contemporary topics or alternative interpretations of contentious issues. Major points must be 

substantiated with academic literature and not merely reflect opinion. 

Synthesis Papers combine data and hypotheses from multiple published sources to provide an 

integrated, comprehensive presentation of a concept or model. Proposals for synthesis papers 

must be approved by the Editor-in-Chief prior to submission; please submit a brief proposal, 

including author list, abstract, and outline, to the Editor-in-Chief via email. 

Research Notes are short papers reporting experimental research of immediate interest. Notes 

are intended to foster communication addressing research topics and concepts that may not be 

fully replicated over time and/or space. Notes are limited to 3000 words (title through literature 

cited) and a total of three tables, figures, or photos in any combination. 

  

Technical Notes are short papers reporting original experimental and analytical techniques, 

including those that are either conceptual or quantitative. A technical note requires a thorough 

description   of the theoretical base of the instrument or procedure and a comprehensive 

comparison to existing techniques, procedures, or models. Notes are limited to 3000 words (title 

through literature cited) and a total of three tables, figures, or photos in any combination. 

Formatting 

Formatting your Submission 

Page and line numbers must be submitted on all manuscripts. Line numbers can be either 

sequential throughout the manuscript or repeated on each page. Text must be double spaced 

throughout. 

Figures All figures must be referenced in the text in the order that they appear in the manuscript. 

Spell out figure in the text using Fig. in parentheses. If citing a figure from another work, use 

lower case letters. Examples: (Figs. 4B-4D) or (Figs. 3-5) (Johnson et al. 2007, fig 1) 

Tables Spell out Table in text and parentheses. If citing a table from another work, use lower 

case letters. Examples: (Table 1) or (Tables1-3) (Johnson et al. 2007, table 2) 

Article structure Abstract 
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The Abstract constitutes the second page and it is limited to a 300-word maximum. It includes 

a brief summary of the hypotheses, methods, conclusions, and management implications of the 

research. The Abstract must identify the relevance of the manuscript to the rangeland 

profession. It should include numerical data and a measure of variation, as well as both common 

and scientific names of organisms studied. The authority for scientific names should be listed. 

Citations to references, figures, and tables are not to be included in the Abstract. 

Keywords 

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling 

and avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be 

sparing with abbreviations: only abbreviations firmly established in the field may be eligible. 

These keywords will be used for indexing purposes. 

Introduction 

The Introduction presents the rationale, justification, and hypotheses for the investigation. It 

should provide an appropriately detailed background for a broad readership to determine the 

potential contribution of the manuscript. This background information should be supported with 

peer-reviewed literature. It is the authors responsibility to convey the importance of the work 

to the broadest potential audience. The Introduction provides the framework for the subsequent 

Discussion and Implications sections. 

Methods 

This section should clearly delineate the study location, experimental design, and specific 

statistical analyses used. Sufficient detail must be provided to permit the reader to evaluate the 

proper application of the analyses and to repeat the experiments. Standard methods or 

techniques should be referenced and modifications of standard techniques should be clearly 

stated. Novel analytical methods should be clearly described and referenced. It is the authors 

responsibility to describe the appropriateness and limitations of the experimental design and to 

acknowledge these constraints while drawing inferences. 

Results 

The Results describe all of the relevant findings of the manuscript supported by critical tables 

and figures. The central tendencies of the data as well as the variability observed should be 
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emphasized. Estimates of variability must accompany statistical analyses in data-based papers. 

Data comparisons to other published literature should not be included in this section. 

Discussion 

The Discussion should place the research results in the broadest possible scientific or 

management context. It should highlight the important contributions of the work and relate 

these contributions to published knowledge. The Discussion should clearly state the importance 

of the work to rangeland ecology or management. 

Implications 

All manuscripts should conclude with a brief section (maximum of two paragraphs) that 

highlights the broad implications of the research. The implications can be either scientific or 

managerial and reference any aspect of the rangeland profession.  

Keywords 

*Do not repeat words which appear in the table* 

Subdivision - unnumbered sections 

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each 

heading should appear on its own separate line. Subsections should be used as much as possible 

when cross- referencing text: refer to the subsection by heading as opposed to simply 'the text'. 

Essential title page information 

• Title. Concise and informative. Titles are often used in information-retrieval systems. 

Avoid abbreviations and formulae where possible. 

• Author names and affiliations. Please clearly indicate the given name(s) and family 

name(s) of each author and check that all names are accurately spelled. You can add your name 

between parentheses in your own script behind the English transliteration. Present the authors' 

affiliation addresses (where the actual work was done) below the names. Indicate all affiliations 

with a lower- case superscript letter immediately after the author's name and in front of the 

appropriate address. Provide the full postal address of each affiliation, including the country 

name and, if available, the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all stages of 

refereeing and publication, also post-publication. This responsibility includes answering any 
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future queries about Methodology and Materials. Ensure that the e-mail address is given and 

that contact details are kept up to date by the corresponding author. 

• Present/permanent address. If an author has moved since the work described in the 

article was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be 

indicated as a footnote to that author's name. The address at which the author actually did the 

work must be retained as the main, affiliation address. Superscript Arabic numerals are used 

for such footnotes. 

Graphical abstract 

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the 

online article. The graphical abstract should summarize the contents of the article in a concise, 

pictorial form designed to capture the attention of a wide readership. Graphical abstracts should 

be submitted as a separate file in the online submission system. Image size: Please provide an 

image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. The image should 

be readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. Preferred file 

types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our 

information site. 

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their 

images and in accordance with all technical requirements. 

Highlights 

Highlights are a short collection of bullet points that convey the core findings of the article. 

Highlights are optional and should be submitted in a separate editable file in the online 

submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points 

(maximum 85 characters, including spaces, per bullet point). You can view example Highlights 

on our information site. 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and 

equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, 

etc. 

Abbreviations 
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Define abbreviations that are not standard in this field in a footnote to be placed on the first 

page of the article. Such abbreviations that are unavoidable in the abstract must be defined at 

their first mention there, as well as in the footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section at the end of the article before the references 

and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List 

here those individuals who provided help during the research (e.g., providing language help, 

writing assistance or proof reading the article, etc.). 

Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's requirements: 

  

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, 

yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United 

States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants and awards. 

When funding is from a block grant or other resources available to a university, college, or other 

research institution, submit the name of the institute or organization that provided the funding. 

If no funding has been provided for the research, please include the following sentence: 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Units 

Follow internationally accepted rules and conventions: use the international system of units 

(SI). If other units are mentioned, please give their equivalent in SI. 

Units of measure: 

Abbreviate units of time: s, min, h, d, wk, mo, yr. Examples: 5 min.; 30 s; 44 mgd-1. Use 

standard SI units of measure: cm, g, ha, kg, km, kV, L, m, mg, mJ, mL, mm, g. Present units of 
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measure with product dots, whether using two units or more. EXAMPLE: g kg-1 and kg ha-1 

yr-1 (do not use kg/ha or kg/ha/yr). 

Use common names for plants and animals whenever possible. Spell out Genus species upon 

first mention and provide taxonomic authority for plants (except in titles). Dont use parentheses 

or brackets with just one authority name: Genus species Name. It is also advisable to cite the 

taxonomy reference used. Thereafter, may use G. species (with period). Spell out genus with 

each new species. A sentence may begin with a genus abbreviation. Place a period in 

nomenclature abbreviations: sp. (species, singular), spp. (species, plural), subsp. (subspecies) 

Math formulae 

Please submit math equations as editable text and not as images. Present simple formulae in     

line with normal text where possible and use the solidus (/) instead of a horizontal line for small 

fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are 

often more conveniently denoted by exp. Number consecutively any equations that have to be 

displayed separately from the text (if referred to explicitly in the text). 

Math and equations: 

Equations that are presented apart from regular text should be numbered on the right-hand 

margin using bolded brackets: [6] Use a space between math operators: 2 + 2 = 4 

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article. Many 

word processors can build footnotes into the text, and this feature may be used. Otherwise, 

please indicate the position of footnotes in the text and list the footnotes themselves separately 

at the end of the article. Do not include footnotes in the Reference list. 

Artwork Electronic artwork General points 

• Make sure you use uniform lettering and sizing of your original artwork. 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 

Symbol, or use fonts that look similar. 

• Number the illustrations according to their sequence in the text. 
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• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the published version. 

• Submit each illustration as a separate file. 

A detailed guide on electronic artwork is available. 

You are urged to visit this site; some excerpts from the detailed information are given here. 

Formats 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, 

Excel) then please supply 'as is' in the native document format.  

Regardless of the application used other than Microsoft Office, when your electronic artwork 

is finalized, please 'Save as' or convert the images to one of the following formats (note the 

resolution requirements for line drawings, halftones, and line/halftone combinations given 

below): 

EPS (or PDF): Vector drawings, embed all used fonts. 

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 

1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to 

a minimum of 500 dpi. 

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 

typically have a low number of pixels and limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the content. 

*Please note that, if necessary, it is possible to embed illustrations in your article. 

Color artwork 
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Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), 

or MS Office files) and with the correct resolution. If, together with your accepted article, you 

submit usable color figures then Elsevier will ensure, at no additional charge, that these figures 

will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not 

these illustrations are reproduced in color in the printed version. For color reproduction in print, 

you will receive information regarding the costs from Elsevier after receipt of your accepted 

article. Please indicate your preference for color: in print or online only. Further information on 

the preparation of electronic artwork. 

Illustration services 

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but 

concerned about the quality of the images accompanying their article. Elsevier's expert 

illustrators can produce scientific, technical and medical-style images, as well as a full range of 

charts, tables and graphs. Image 'polishing' is also available, where our illustrators take your 

image(s) and improve them to a professional standard. Please visit the website to find out more. 

Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. 

A caption should comprise a brief title (not on the figure itself) and a description of the 

illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and 

abbreviations used. 

Tables 

Please submit tables as editable text and not as images. Tables can be placed either next to the 

relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 

accordance with their appearance in the text and place any table notes below the table body. Be 

sparing in the use of tables and ensure that the data presented in them do not duplicate results 

described elsewhere in the article. Please avoid using vertical rules and shading in table cells. 

References 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and vice 

versa). Any references cited in the abstract must be given in full. Unpublished results and 

personal communications are not recommended in the reference list, but may be mentioned in 
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the text. If these references are included in the reference list they should follow the standard 

reference style of the journal and should include a substitution of the publication date with either 

'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies 

that the item has been accepted for publication. 

Reference links 

Increased discoverability of research and high quality peer review are ensured by online links 

to  the sources cited. In order to allow us to create links to abstracting and indexing services, 

such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are 

correct. Please note that incorrect surnames, journal/book titles, publication year and pagination 

may prevent link creation. When copying references, please be careful as they may already 

contain errors. Use of the DOI is encouraged. 

  

A DOI can be used to cite and link to electronic articles where an article is in-press and full 

citation details are not yet known, but the article is available online. A DOI is guaranteed never 

to change, so you can use it as a permanent link to any electronic article. An example of a 

citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., 

Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath 

northeastern Venezuela. Journal of Geophysical Research, 

https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the 

same style as all other references in the paper. 

Web references 

As a minimum, the full URL should be given and the date when the reference was last accessed. 

Any further information, if known (DOI, author names, dates, reference to a source publication, 

etc.), should also be given. Web references can be listed separately (e.g., after the reference list) 

under a different heading if desired, or can be included in the reference list. 

Data references 

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing 

them in your text and including a data reference in your Reference List. Data references should 

include the following elements: author name(s), dataset title, data repository, version (where 

available), year, and global persistent identifier. Add [dataset] immediately before the reference 
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so we can properly identify it as a data reference. The [dataset] identifier will not appear in your 

published article. 

References in a special issue 

Please ensure that the words 'this issue' are added to any references in the list (and any citations 

in the text) to other articles in the same Special Issue. 

Reference management software 

Most Elsevier journals have their reference template available in many of the most popular 

reference management software products. These include all products that support Citation Style 

Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor 

plug-ins from these products, authors only need to select the appropriate journal template when 

preparing their article, after which citations and bibliographies will be automatically formatted 

in the journal's style. If no template is yet available for this journal, please follow the format of 

the sample references and citations as shown in this Guide. 

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the 

following link: 

http://open.mendeley.com/use-citation-style/rangeland-ecology-and-management 

When preparing your manuscript, you will then be able to select this style using the Mendeley 

plug- ins for Microsoft Word or LibreOffice. 

Reference style 

Text: All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) and the year 

of publication; 

2. Two authors: both authors' names and the year of publication; 

3. Three or more authors: first author's name followed by 'et al.' and the year of publication. 

Citations may be made directly (or parenthetically). Groups of references should be listed first 

alphabetically, then chronologically. 

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. 

(2010) have recently shown ....' 
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List: References should be arranged first alphabetically and then further sorted chronologically 

if necessary. More than one reference from the same author(s) in the same year must be 

identified by the letters 'a', 'b', 'c', etc., placed after the year of publication. 

Examples: 

Reference to a journal publication: 

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. 

Sci. Commun. 163, 51–59. 

Reference to a book: 

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. 

Reference to a chapter in an edited book: 

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: 

Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New 

York, pp. 281–304. 

Reference to a website:  

Cancer Research UK, 1975. Cancer statistics reports for the UK. 

http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 

2003). 

Reference to a dataset: 

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese 

oak wilt disease and surrounding forest compositions. Mendeley Data, v1. 

https://doi.org/10.17632/ xwj98nb39r.1. 

Journal abbreviations source 

Journal names should be abbreviated according to the List of Title Word Abbreviations. 

Video 

Elsevier accepts video material and animation sequences to support and enhance your scientific 

research. Authors who have video or animation files that they wish to submit with their article 

are strongly encouraged to include links to these within the body of the article. This can be done 

in the same way as a figure or table by referring to the video or animation content and noting 
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in the body text where it should be placed. All submitted files should be properly labeled so 

that they directly relate to the video file's content. . In order to ensure that your video or 

animation material is directly usable, please provide the file in one of our recommended file 

formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation 

files supplied will be published online in the electronic version of your article in Elsevier Web 

products, including ScienceDirect. Please supply 'stills' with your files: you can choose any 

frame from the video or animation or make a separate image. These will be used instead of 

standard icons and will personalize the link to your video data. For more detailed instructions 

please visit our video instruction pages. Note: since video and animation cannot be embedded 

in the print version of the journal, please provide text for both the electronic and the print 

version for the portions of the article that refer to this content. 

Supplementary material 

Supplementary material such as applications, images and sound clips, can be published with 

your article to enhance it. Submitted supplementary items are published exactly as they are 

received (Excel or PowerPoint files will appear as such online). Please submit your material 

together with the article and supply a concise, descriptive caption for each supplementary file. 

If you wish to make changes to supplementary material during any stage of the process, please 

make sure to provide an updated file. Do not annotate any corrections on a previous version. 

Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in 

the published version. 

Supplementary Data References 

Online supplemental materials should be cited using a separate numbering system from regular 

tables and figures (i.e., Tables S1, S2; Figs. S1, S2; etc.). To refer readers to the online 

supplemental material, insert a callout when the material is referenced in the text. Example: 

Table S1 (available online at [insert URL here]) or (Table S1; available online at [insert URL 

here]). The exact URL to the supplemental material will be added during production. There is 

no additional cost to authors for posting supplemental material online. 

Research data 

This journal encourages and enables you to share data that supports your research publication 

where appropriate, and enables you to interlink the data with your published articles. Research 

data refers to the results of observations or experimentation that validate research findings. To 
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facilitate reproducibility and data reuse, this journal also encourages you to share your software, 

code, models, algorithms, protocols, methods and other useful materials related to the project. 

Below are a number of ways in which you can associate data with your article or make a 

statement about the availability of your data when submitting your manuscript. If you are 

sharing data in one of these ways, you are encouraged to cite the data in your manuscript and 

reference list. Please refer to the "References" section for more information about data citation. 

For more information on depositing, sharing and using research data and other relevant research 

materials, visit the research data page. 

Data linking 

If you have made your research data available in a data repository, you can link your article 

directly to the dataset. Elsevier collaborates with a number of repositories to link articles on 

ScienceDirect with relevant repositories, giving readers access to underlying data that gives 

them a better understanding of the research described. 

  

There are different ways to link your datasets to your article. When available, you can directly 

link your dataset to your article by providing the relevant information in the submission system. 

For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to your 

published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the text of your 

manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 

734053; PDB: 1XFN). 

Mendeley Data 

This journal supports Mendeley Data, enabling you to deposit any research data (including raw 

and processed data, video, code, software, algorithms, protocols, and methods) associated with 

your manuscript in a free-to-use, open access repository. Before submitting your article, you 

can deposit the relevant datasets to Mendeley Data. Please include the DOI of the deposited 

dataset(s) in your main manuscript file. The datasets will be listed and directly accessible to 

readers next to your published article online. 

For more information, visit the Mendeley Data for journals page. 
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Data in Brief 

You have the option of converting any or all parts of your supplementary or additional raw data 

into one or multiple data articles, a new kind of article that houses and describes your data. Data 

articles ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and 

publicly available to all upon publication. You are encouraged to submit your article for Data 

in Brief as an additional item directly alongside the revised version of your manuscript. If your 

research article is accepted, your data article will automatically be transferred over to Data in 

Brief where it will be editorially reviewed and published in the open access data journal, Data 

in Brief. Please note an open access fee of 500 USD is payable for publication in Data in Brief. 

Full details can be found on the Data in Brief website. Please use this template to write your 

Data in Brief. 

MethodsX 

You have the option of converting relevant protocols and methods into one or multiple 

MethodsX articles, a new kind of article that describes the details of customized research 

methods. Many researchers spend a significant amount of time on developing methods to fit 

their specific needs or setting, but often without getting credit for this part of their work. 

MethodsX, an open access journal, now publishes this information in order to make it 

searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit their 

MethodsX article as an additional item directly alongside the revised version of their 

manuscript. If your research article is accepted, your methods article will automatically be 

transferred over to MethodsX where it will be editorially reviewed. Please note an open access 

fee is payable for publication in MethodsX. Full details can be found on the MethodsX website. 

Please use this template to prepare your MethodsX article. 

Data statement 

To foster transparency, we encourage you to state the availability of your data in your 

submission. This may be a requirement of your funding body or institution. If your data is 

unavailable to access or unsuitable to post, you will have the opportunity to indicate why during 

the submission process, for example by stating that the research data is confidential. The 

statement will appear with your published article on ScienceDirect. For more information, visit 

the Data Statement page. 

AFTER ACCEPTANCE 
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Proofs 

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs will be sent by post) or, a link will be provided 

in the e-mail so that authors can download the files themselves. Elsevier now provides authors 

with PDF proofs which can be annotated; for this you will need to download the free Adobe 

Reader, version 9 (or higher). Instructions on how to annotate PDF files will accompany the 

proofs (also given online). The exact system requirements are given at the Adobe site. 

If you do not wish to use the PDF annotations function, you may list the corrections (including 

replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections 

quoting line number. If, for any reason, this is not possible, then mark the corrections and any 

other comments  

(including replies to the Query Form) on a printout of your proof and scan the pages and return 

via e- mail. Please use this proof only for checking the typesetting, editing, completeness and 

correctness of the text, tables and figures. Significant changes to the article as accepted for 

publication will only be considered at this stage with permission from the Editor. We will do 

everything possible to get your article published quickly and accurately. It is important to ensure 

that all corrections are sent back to us in one communication: please check carefully before 

replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is 

solely your responsibility. 

Offprints 

The corresponding author will, at no cost, receive a customized Share Link providing 50 days 

free access to the final published version of the article on ScienceDirect. The Share Link can 

be used   for sharing the article via any communication channel, including email and social 

media. For an extra charge, paper offprints can be ordered via the offprint order form which is 

sent once the article is accepted for publication. Both corresponding and co-authors may order 

offprints at any time via Elsevier's Webshop. Corresponding authors who have published their 

article open access do not receive a Share Link as their final published version of the article is 

available open access on ScienceDirect and can be shared through the article DOI link. 

AUTHOR INQUIRIES 

Visit the Elsevier Support Center to find the answers you need. Here you will find everything 

from Frequently Asked Questions to ways to get in touch. 
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ANEXO B – NORMAS PARA PUBLICAÇÃO (ANIMAL PRODUCTION SCIENCE) 

Author Instructions 

All manuscripts should be submitted via ScholarOne Manuscripts. 

Animal Production Science welcomes the submission of articles presenting original and 

significant research that are within the journal´s scope. 

Animal Production Science insists on high standards of ethical behaviour throughout the 

publication process. Our journal editors work within the guidelines of the Committee on 

Publication Ethics (COPE) and International Committee of Medical Journal Editors (ICMJE). 

Further information on our policies can be found at 

http://www.publish.csiro.au/an/PublishingPolicies. 

Peer review 
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Animal Production Science is a peer-reviewed journal that uses a single-blind peer-review. The 

Editor-in-Chief is responsible to maintain high-quality peer-review of papers submitted to the 

journal and work together with Associate Editors to ensure a thorough and fair peer-review and 

the highest scientific publishing standards. All submissions undergo preliminary assessment by 

the Editor-in-Chief, who may reject a paper before peer review when it is outside the journal’s 

scope or is of insufficient quality. Associate Editors select reviewers and after at least two 

review reports are received, they make the decision whether to accept/reject or send a 

manuscript for revision. The final decision is made by the Associate Editor. 

Authorship 

The conditions around authorship for Animal Production Science should follow the 

recommendations of the International Committee of Medical Journal Editors (ICMJE), for more 

information see http://www.publish.csiro.au/an/PublishingPolicies. 

Journal policy and scope 

Research papers in Animal Production Science focus on improving livestock and food 

production, and on the social and economic issues that influence primary producers. The journal 

is predominantly concerned with domesticated animals (beef cattle, dairy cows, sheep, pigs, 

goats and poultry); however, contributions on horses and wild animals may be published where 

relevant. Animal Production Science publishes original research papers, critical review articles, 

and viewpoints; it does not publish technical and research notes, or short communications. 

High quality original contributions are encouraged on: 

animal breeding and genetics 

animal nutrition and reproduction 

livestock farming systems, sustainability and natural resource management 

meat science and consumer acceptability 

behaviour, health and welfare 

feed quality and nutritional value 

bio-pharmaceuticals derived from animals 
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The subject scope extends from the molecular level through to the role of animals in farming 

systems. The target readership is animal scientists, and administrators and policy-makers who 

interface with this discipline. 

Review papers 

Prestigious, invited reviews are commissioned from authors who are world leaders in the animal 

sciences. Reviews should summarise a body of knowledge and, from it, formulate ideas and 

recommendations which would be useful to international research community. If you are 

interested in preparing a Review article, please discuss the subject matter with the Editor-in-

Chief or the appropriate Associate Editor. 

Perspective 

A perspective is a pithy (but balanced) opinion piece about current or future directions in animal 

science. A perspective can critically assess current scientific topics or report on future issues 

that may arise from the discipline. The intent is to stimulate discussion and possible rethinking 

of current views in the animal sciences. Perspectives that address interdisciplinary research 

areas with relevance to a broader audience are of particular interest to the Editors. The 

Perspective should be accompanied by an abstract and generally range from 1000 to 4000 

words; tables and figures can be included. 

Editorials 

Editorials are usually commissioned. Editorials are opinion pieces which reflect on papers 

previously or currently published in Animal Production Science, or on issues of general interest 

to the animal sciences community. They should be written in a crisp, lively style. They should 

have a maximum of 800 words, and not more than 5 references. 

Comment papers 

A brief comment or critique on a paper recently published in Animal Production Science. No 

abstract required. Authors of the original paper will be invited to submit a response. 

Licence to publish 

Submission of a paper is taken to mean that the results reported have not been published and 

are not being considered for publication elsewhere. A summary of the findings in the 

proceedings of a conference or in an extension article is not necessarily regarded as prior 

publication. However, if substantial parts of the data, such as those in Tables and Figures, have 
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been published before, the inclusion of extra peripheral data does not alter the judgment that 

the paper is not new. The Editor assumes that all authors of a multi-authored paper have agreed 

to its submission. For details regarding copyright, please see Copyright/Licence to Publish. 

Open access 

Authors may choose to publish their paper Open Access on payment of a publication fee. See 

Open Access for more details. 

Citing personal communications and statistical software 

Citation of submitted manuscripts, unpublished data and personal communications should be 

avoided but if essential, they should be cited parenthetically in the text thus (e.g. PA Smith, 

pers. comm.). In such cases, the authors must obtain permission from the data owner to quote 

his or her unpublished work. Likewise, any statistical software used to process your data should 

be cited in brackets in the text, providing the name and version of the package and the name, 

city, state and country of the company that produced it. 

Animal experimentation 

Experiments involving animals are expected to have been conducted in accordance with the 

guidelines set out in the joint publication of the National Health and Medical Research Council 

of Australia, CSIRO and the Australian Agricultural Council entitled ´Code of Practice for the 

Care and Use of Animals for Experimental Purposes´ (National Health and Medical Research 

Council: Canberra, 1997). 

In reporting experiments on animals, authors should indicate whether institutional and national 

standards for the care and welfare of animals were followed and provide a statement within the 

manuscript regarding the use of appropriate measures to minimize pain or discomfort. Editors 

should ensure that peer reviewers consider ethical and welfare issues raised by the research they 

are reviewing, and to request additional information from authors where needed. In situations 

where there is doubt as to the adherence to appropriate procedures or approval by the relevant 

ethics committee, editors are required to reject these papers. 

Preparing your manuscript 

All authors should read at least one book on scientific writing. The titles of some suitable books 

are listed at the end of these notes. The work should be presented concisely and clearly in 

English. Introductory material, including a review of the literature, should not exceed that 
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necessary to indicate the reason for the work and the essential background. However, a short 

statement explaining the broader relevance of the study can be helpful to readers. Sufficient 

experimental detail should be given to enable the work to be repeated, and the discussion should 

focus on the significance of the results. Poorly prepared or unnecessarily lengthy manuscripts 

have less prospect of being accepted. Authors should note the layout of headings, references, 

Tables and Figures in the latest issues of the Journal and follow the Journal style. Strict 

observance of these and the following requirements will shorten the interval between 

submission and publication. 

Title 

The title should be concise and informative and contain all keywords necessary to facilitate 

retrieval by modern searching techniques. Additional keywords not already contained in the 

title or abstract may be listed beneath the abstract. A short title of less than 50 letter spaces, to 

be used as a running head at the top of the printed page, should be supplied. The title, author(s), 

address(es) and short title should comprise a separate title page. 

Summary text for the Table of Contents 

This is a three-sentence paragraph of 50 to 80 words written for interested non-experts, such as 

journalists, teachers, government workers, etc. The text should be free from scientific jargon, 

and written at the level of an article in a science magazine. Your first sentence should engage 

the reader, convincing them that this is an important area. The second sentence should introduce 

the problem addressed in the paper, and state your main discovery. The final sentence should 

describe how the results fit into the bigger picture (i.e. implications or impact of the discovery). 

Abstract 

The abstract (preferably less than 250 words) should state concisely the scope of the work and 

the principal findings and should not just recapitulate the results. It should be complete enough 

for direct use by abstracting services. Acronyms and references should be avoided. 

Please suggest 3-6 keywords, noting that all words in the title and abstract are already 

considered to be keywords. Keyword should list alternative spellings, e.g. defense for defence, 

aluminum for aluminium etc. 

Conflicts of Interest 
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A ´Conflicts of Interest´ section should be included at the end of the manuscript. It should 

identify any financial or non-financial (political, personal, professional) interests/relationships 

that may be interpreted to have influenced the manuscript. If there is no conflict of interest, 

please include the statement "The authors declare no conflicts of interest". 

References 

References are cited by the author and date (Harvard system); they are not numbered. All 

references in the text must be listed at the end of the paper, with the names of authors arranged 

alphabetically; all entries in this list must correspond to references in the text. In the text, the 

names of 2 co-authors are linked by ´and´; for 3 or more, the first author´s name is followed by 

´et al.´. Where more than one reference is cited in the text, they should be listed chronologically. 

No editorial responsibility can be taken for the accuracy of the references. The titles of papers 

and the first and last page numbers must be included for all references. Papers that have not 

been accepted for publication cannot be included in the list of references and must be cited in 

the text as ´unpublished data´ or ´personal communication´; the use of such citations is 

discouraged. Authors should refer to the latest issues of the Journal for the style used in citing 

references in books and other literature. Full titles of periodicals must be given. 

Examples of common references can be found in the ´Style guide for references´. 

Use of referencing software 

If using ´EndNote*´ software, you can obtain the style file for this journal at 

http://www.endnote.com/support/enstyles.asp. 

*You will find the style file under the ´Agriculture´ category, listed as Animal Production 

Science (continuing Australian Journal of Experimental Agriculture). 

Units 

The SI system of units should be used for exact measurements of physical quantities and, where 

appropriate, elsewhere. The double solidus must not be used in complex groupings of units (i.e. 

use mg/sheep.day, not mg/sheep/day or mg sheep-1 day-1). This Journal uses the abbreviation 

´L´ for litre; ́ mL´ for millilitre. When using non-standard abbreviations, define the abbreviation 

where it first occurs in the text. 
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Spell out numbers lower than 10 unless accompanied by a unit, e.g. 2 mm, 15 mm, two plants, 

15 plants, but 2 out of 15 plants. Do not leave a space between a numeral and %, ‰ or oC. 

Mathematical formulae 

Formulae should be carefully typed with symbols correctly aligned and adequately spaced. If 

special symbols must be hand-written, they should be inserted with care and identified by 

pencilled notes in the margin. Judicious use should be made of the solidus to avoid 2 

mathematical expressions wherever possible and especially in the running text. Each long 

formula should be displayed on a separate line with at least 1 line of space above and below. 

Tables 

Tables must be numbered with Arabic numerals and each must be accompanied by a title. A 

headnote containing material relevant to the whole Table should start on a new line. 

Tables should be arranged with regard to the dimensions of the Journal columns (8 by 21 cm), 

and the number of columns in the Table should be kept to a minimum. Excessive subdivision 

of column headings is undesirable and long headings should be avoided by the use of 

explanatory notes which should be incorporated into the headnote. The first letter, only, of 

headings should be capitalised. 

The symbol of unit of measurement should be placed in parentheses beneath the column 

heading. The prefixes for units should be chosen to avoid an excessive number of digits in the 

body of the Table or a scaling factor should be added to the heading. Footnotes should be kept 

to a minimum and be reserved for specific items in the columns. 

Horizontal rules should be inserted only above and below column headings and at the foot of 

the Table. Vertical rules should not be used. Each Table must be referred to in the text, and the 

preferred position of the Table in the text should be indicated by a note in the margin. 

Short tables can frequently be incorporated into the text as a sentence or as a brief untitled 

tabulation. Only in exceptional circumstances will the presentation of essentially the same data 

in both a Table and a Figure be permitted: where adequate, the Figure should be used. 

Figures and computer graphics 

Lettering should be in sans-serif type (Helvetica or Arial type 1 font) with the first letter of the 

first word and proper names capitalised. The x-height after reduction should be 1.2-1.3 mm. 

Thus for the preferred reductions of graphs to 30, 40 or 50% of linear dimensions, the initial x-
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height of lettering should be 4, 3 or 2.5 mm respectively. Symbols and grid marks should be 

the same respective sizes, and curves and axes should then be either 0.8, 0.7 or 0.6 mm thick 

respectively. Proportionally smaller sizes of type, symbols, grid marks and curve thicknesses 

should be used for lesser reductions. The following symbols are readily available and should 

be used: . The symbols + or × should be avoided. Explanations of symbols should be given in 

the caption to the figure, and lettering of graphs should be kept to a minimum. If information is 

given in a caption instead of a legend describe the lines and symbols in words (e.g. solid lines, 

dashed lines, dot-and-dash lines, open circles, solid circles, striped bars, cross-hatched bars and 

so forth). 

Photographs 

Photographs must be of the highest quality, with a full range of tones and of good contrast. 

Before being mounted, photographs must be trimmed squarely to exclude features not relevant 

to the paper and be separated from neighbouring photographs by uniform spaces that will be 2 

mm wide after reduction. Lettering should be in a transfer lettering sans-serif type (Helvetica 

font) and contrast with its background; thus, white lettering should be used on dark 

backgrounds. The size of lettering should be such that the x-height after reduction is 1.5-l2 mm. 

A scale bar must be inserted on each photomicrograph and electron micrograph. Important 

features to which attention has been drawn in the text should be indicated (i.e. by coded upper 

case letters and/or arrows). Colour photographs will be accepted if they are essential, but the 

cost of production must be borne by the author. 

Statistical evaluation of results 

Manuscripts must contain a clear and concise description of the experimental design used; with 

sufficient detail such that, in the case where analysis of variance or regression models are to be 

used in the statistical evaluation, the reader is quite clear as to how the error term was estimated. 

The statistical tests should be briefly described and, if necessary, supported by references. 

Numbers of individuals, mean values and measures of variability should be stated. It should be 

made clear whether the standard deviation or the standard error has been given. 

Nomenclature 

The nomenclature of compounds such as amino acids, carbohydrates, lipids, steroids and 

vitamins should follow the recommendations of the IUPAC-IUB Commission on Biochemical 

Nomenclature. Other biologically active compounds, such as metabolic inhibitors, plant growth 
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regulators and buffers should be referred to once by their correct chemical name (which is in 

accordance with IUPAC Rules of Chemical Nomenclature) and then by their most widely 

accepted common name. For pesticides, the latest issue of ́ Pesticides - Synonyms and Chemical 

Names´ (Australian Government Publishing Service: Canberra) should be followed. Where 

there is no common name, trade names or letter abbreviations of the chemical may be used. The 

first letter of a trade name must be capitalised. 

Submission of research manuscripts 

To submit your paper, please use our online journal management system ScholarOne 

Manuscripts, which can be reached directly through this link or from the link on the journal´s 

homepage. If a first-time user, register via the ´Register here´ link, or use your existing 

username and password to log in. Then click on the ´Author Centre´ link and proceed. 

A covering letter must accompany the submission and should include the name, address, fax 

and telephone numbers, and email address of the corresponding author. The letter should also 

contain a statement justifying why the work should be considered for publication in the journal, 

and that the manuscript has not been published or simultaneously submitted for publication 

elsewhere. Suggestions of possible referees are required during submission. Suggested referees 

should be independent experts in the field. Authors should be aware that approaching suggested 

reviewers is at the discretion of the Editor. Intentionally falsifying reviewer details will result 

in rejection of a manuscript. 

Post acceptance of manuscript 

When asked to submit production files, please provide the Production Editor with the original 

figure files separately from the manuscript, and in highest resolution. 

Ensure that figures are in their original file format (i.e. Photoshop, Adobe Illustrator, Excel, 

CorelDraw, SigmaPlot, etc.) rather than embedded in a Word document or converted to a 

derived format. However, if your figures are in a format that we do not accept, high-quality 

high-resolution PostScript or PDF files are acceptable. Sending files in more than one format is 

fine; we will use the format that will reproduce the best. 

Scanned photographs must be saved as .tif files; all supplied .tif files must be compatible with 

Adobe Photoshop, which is the preferred program. If figures are prepared in a ´paint´ program, 

line art should be saved at 600 dpi, and greyscale or colour images should be saved at 300 dpi. 

Electronic photographic work should be submitted at the intended print size (85 mm wide for 
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one column and up to a page width of 175 mm) (on CD-ROM if necessary). These will be 

returned after use if requested at the time of submission. 

Colour photographs will be accepted if they are essential but the cost of colour reproduction on 

the printed copy must be borne by the author. The Production Editor will provide an estimate 

of the cost with the page proofs. Colour figures must be supplied in CMYK, not RGB, format. 

Proofs and Reprints 

Approximately two weeks after the paper is accepted, the corresponding author will receive an 

edited MSWord document that has undergone formatting and copyediting. Questions from the 

Production Editor should be answered. Minor corrections can be made at this stage. The paper 

is then typeset, and page proofs sent to the corresponding author for checking prior to 

publication. At this stage only essential alterations and correction of typesetting errors may be 

undertaken. Excessive author alterations will be charged back to the author. Reprint order forms 

and prices are sent with the proofs and should be returned to the Production Editor with the 

proofs. 

Upon publication, corresponding authors will be sent a free PDF of the paper. You may send 

copies of this PDF to individual colleagues for non-commercial purposes, print out and 

distribute copies to colleagues, or include the PDF in a course pack, subject to the usual 

copyright licensing agency arrangements. 

We would also like to send your colleagues an alert to its publication + PDF. Our objectives for 

such action are to acknowledge authors, and stimulate the use and citations of the paper. This 

offer will be activated if you send a list of email addresses (i.e. up to 20 colleagues) to the 

Production Editor. This list will not be used for any other purpose other than to promote your 

research. 

General enquiries, please contact: 

Animal Production Science 

CSIRO Publishing 

Locked Bag 10 

Clayton South, Vic. 3169 

Australia 
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Telephone +[61 3] 9545 2994 

Fax +[61 3] 9545 8578 

Email publishing.an@csiro.au 
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