RESSALVA

Atendendo solicitacdo do(a) autor(a), o texto
completo sera disponibilizado somente a partir
de 28/08/2027

At the author's request, the full text will not be
available online until August 28, 2027



UNIVERSIDADE ESTADUAL PAULISTA
FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA
CAMPUS DE BOTUCATU

EFFECT OF ENVIRONMENTAL ENRICHMENT ON BEHAVIOR AND
PERFORMANCE OF DAIRY CALVES

JOAO PEDRO DONADIO DA SILVA PEREIRA

Dissertagdo apresentada ao Programa de
Po6s-graduagdo em Zootecnia como parte das
exigéncias para obtencao do titulo de Mestre
em Zootecnia

BOTUCATU - SP
Fevereiro, 2025



UNIVERSIDADE ESTADUAL PAULISTA
FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA
CAMPUS DE BOTUCATU

EFFECT OF ENVIRONMENTAL ENRICHMENT ON BEHAVIOR AND
PERFORMANCE OF DAIRY CALVES

JOAO PEDRO DONADIO DA SILVA PEREIRA

Orientador: Prof. Dr. Matheus Deniz
Co-orientadoras: Dra. Karolini Tenffen De-Sousa

Dra. Teresa Cristina Alves

Dissertacdo apresentada ao Programa de
Po6s-graduagdo em Zootecnia como parte das
exigéncias para obtencao do titulo de Mestre
em Zootecnia

BOTUCATU - SP
Fevereiro, 2025



Permitida a copia total ou parcial deste documento, desde que seja citada a fonte.

Pereira, Joao Pedro Donadio da Silva
P436e Effect of Environmental Enrichment on Behavior and
Performance of Dairy Calves / Jodo Pedro Donadio da
Silva Pereira. -- Botucatu, 2025
131 p.

Dissertag@o (mestrado) - Universidade Estadual Paulista
(UNESP), Faculdade de Medicina Veterinaria e Zootecnia,
Botucatu

Orientador: Matheus Deniz

1. Zootecnia. 2. Produ¢do Animal. 3. Etologia Aplicada.
4. Bovinocultura de Leite. 5. Bezerros Leiteiros. 1. Titulo.

Sistema de geracdo automadtica de fichas catalogréificas da Unesp. Dados
fornecidos pelo autor(a).



oo UNIVERSIDADE ESTADUAL PAULISTA
VAV

unesp

Campus de Botucatu

ATESTADO DE APROVAGAO - DEFESA

Atestamos que JOAO PEDRO DONADIO DA SILVA PEREIRA, RA n°: ZNP230065, RG n°
525848757, expedido pela, defendeu, no dia 28/02/2025, a dissertagao intitulada EFFECT OF
ENVIRONMENTAL ENRICHMENT ON BEHAVIOR AND PERFORMANCE OF DAIRY CALVES,
junto ao Programa de Poés Graduagdo em Zootecnia, Curso de Mestrado Académico, tendo sido
'APROVADO'.

Atestamos ainda que a obtengao do titulo dependera de homologagao pelo Orgédo Colegiado

competente.

Botucatu, 28 de fevereiro de 2025

Clduwdins o TN~
C.augia Crstina sioresi
Assisierde Adminissatin
2630 de PAs-Gradussdo / FMVZ

Faculdade de Mediana Velennéna e Zootecnia - CAmpus de Botucalu
Rua Prof Dr Walter Mauncio Correa, s/n, 18618681
hitps /iwww fmvz unesp br/#l/ensino/pos-graduacao768/zootecnia/CNPJ 48 031 918/0020-97







Vil

BIOGRAFIA DO AUTOR

Jodo Pedro Donadio da Silva Pereira, nascido em 10 de abril de 1999, na cidade de Santos/SP,
filho de Silmara Donadio da Silva e Roberto da Silva Pereira, ingressou no curso de Agronomia
na Universidade Federal de Santa Catarina, em agosto de 2017, concluindo a graduagdo em
dezembro de 2022. Durante a graduagdo, atuou como bolsista de iniciagdo cientifica no
Laboratorio de Etologia Aplicada e Bem-Estar Animal. Em margo de 2023, iniciou o curso de
Mestrado em Zootecnia na Faculdade de Medicina Veterinaria e Zootecnia da Universidade
Estadual Paulista “Julio de Mesquita Filho” campus de Botucatu, onde foi bolsista pela
Fundacao Coordenacao de Aperfeigoamento de Pessoal de Nivel Superior. Durante o mestrado,
recebeu o prémio “Emerging Leaders in the Americas Program” que possibilitou o intercambio
no Animal Welfare Program - University of British Columbia, no Canada. Atua na area de

Produgao Animal, especificamente sobre comportamento e bem-estar na bovinocultura leiteira.

Curriculo Lattes: http://lattes.cnpq.br/6493860465511026
ORCID: https://orcid.org/0000-0002-6728-4373

E-mail: jpd.pereira@unesp.br



http://lattes.cnpq.br/6493860465511026
https://orcid.org/0000-0002-6728-4373
mailto:jpd.pereira@unesp.br

Vil

PUBLICATIONS
Articles

DONADIO, J. P.; DE-SOUSA, K. T.; TORRES, R. N. S.; ALVES, T. C.; HOTZEL, M. J.;
DENIZ, M. A meta-analysis approach to evaluate the effects of early group housing on calf

performance, health and behavior during the preweaning period. Journal of Dairy Science,
2024.

Technological Innovations

DENIZ, M.; OLIVEIRA, I. T. S.;DONADIO, J. P. VisionBrush. 2024, Brasil.
Patente: Privilégio de Inovacdo. Numero do registro: BR512024001540, titulo: "VisionBrush",

Instituicdo de registro: INPI - Instituto Nacional da Propriedade Industrial. Deposito:
21/05/2024

Conference Proceedings

ALCANTARA, B. D.; DONADIO, J. P.; TORRES, R. N. S.; DE-SOUSA, K. T.; HOTZEL,
M. J.; DENIZ, M. Meta-analysis of the effect of milk feeding method on average daily gain,
concentrate intake, and weight at weaning of dairy calves. In: American Dairy Science
Association Annual Meeting, 2024, West Palm Beach. Abstracts of the 2024 American Dairy
Science Association Annual Meeting, 2024. v. 107, p. 414.

DONADIO, J. P.; DE-SOUSA, K. T.; TORRES, R. N. S.; ALVES, T. C.; HOTZEL, M. J;
DENIZ, M. Group housed dairy calves have greater body weight gain during preweaning than
individually housed calves: A meta-analysis. In: American Dairy Science Association Annual
Meeting, 2024, West Palm Beach. Abstracts of the 2024 American Dairy Science Association
Annual Meeting, 2024. v. 107. p. 185.

DONADIO, J. P.; DE-SOUSA, K. T.; HOTZEL, M. J.; ALVES, T. C.; DENIZ, M. Providing
water in nipple bucket reduces the cross-sucking of dairy calves housed in groups in a pasture
area. In: 57 Congress of the International Society for Applied Ethology, 2024, Curitiba. Book
of abstracts of the 57" Congress of the International Society for Applied Ethology ISAE 2024,
2024.

DENIZ, M.; ALCANTARA, B. D.; DONADIO, J. P.; DE-SOUSA, K. T.; TORRES, R. N. S;
HOTZEL, M. J. Effect of milk supply methods on the behavior of dairy calves: a meta-analysis
approach. In: 57" Congress of the International Society for Applied Ethology, 2024, Curitiba.
Book of abstracts of the 57" Congress of the International Society for Applied Ethology ISAE
2024, 2024. p. 210.

ALVES, T.C.; DONADIO, J.P.; CHAMILLETE, S.A.M.; DE ALMEIDA, M.B., DE-SOUSA,
K.T.; DENIZ, M. Cria¢ao de bezerros leiteiros em grupos e a pasto na Fazenda Canchim - area
experimental da Embrapa Pecuaria Sudeste em Sao Carlos-SP. Anais do IV Encontro Pan-

americano sobre Manejo Agroecologico de Pastagens — PRV nas Américas, Floriandpolis,
Santa Catarina, Brasil. v. 19, n. 3, 2024.



DONADIO, J.P.; DE-SOUSA, K. T.; ALVES, T.C.; DENIZ, M. O uso de enriquecimento
ambiental melhora os niveis de bem-estar de bezerros leiteiros. In: Jornada de Integracdo dos
Alunos de Graduagao e Pos-graduacao (JOIA), Programa de pos-graduacdo em Biotecnologia
animal, Faculdade de Medicina Veterinaria e Zootecnia, Universidade Estadual Paulista “Julio
de Mesquita Filho”, campus de Botucatu, 2024.

DONADIO, J.P.; DE-SOUSA, K.T.; TORRES, R.N.S.; HOTZEL, M.J.; ALVES, T.C.;
DENIZ, M. Efeito do alojamento em grupo no comportamento de bezerros leiteiros: uma meta-
andlise. In: XLI Encontro Anual de Etologia - Brasilia, 2024. Disponivel em:
<https://doity.com.br/anais/xlieae/trabalho/391194>.

DONADIO, J.P.; DE-SOUSA, K.T.; DE ALMEIDA, M.B.; ALVES, T.C.; HOTZEL, M.J ;
DENIZ, M. Rethinking environmental enrichment for dairy calves: improvements for basic
biological needs? in Proceedings of the 3rd International Electronic Conference on Animals,
12—14 March 2025, MDPI: Basel, Switzerland.



AGRADECIMENTOS

Agradeco aos meus pais, Silmara e Roberto, minha irma, Anna, por estarem sempre presentes

em minha vida, pelo apoio, carinho e pela forca que me dao a cada dia.

Ao meu orientador, Prof. Matheus Deniz, por ter me recebido como seu primeiro orientado de
pos-graduacdo e por me permitir fazer parte do inicio de sua trajetdria como professor.
Juntamente as minhas coorientadoras, Dra. Karolini Tenffen De-Sousa e Dra. Teresa Cristina
Alves, assim como os coautores dos trabalhos presentes na dissertacao, Profa. Dra. Maria José
Hotzel, Dr. Rodrigo Torres, Dra. Grazyne Tresoldi por todos os ensinamentos, parceria, apoio

e dedicagdo, que foram fundamentais para a minha formag¢ao académica, profissional e pessoal.

Aos amigos que continuaram comigo e aos que fiz durante os dois anos de mestrado, por todo
o apoio e torcida. Em especial a minha companheira, Isabela, pelo carinho e paciéncia durante

essa fase.

Aos colegas do Grupo de Estudos em Bovinocultura Leiteira (GEBOL) por todas as atividades
realizadas durante meu periodo de mestrado, que me ajudaram e contribuiram muito para a

minha formag¢do. Tenho muito orgulho de ter feito parte do inicio deste brilhante grupo.

Ao Programa de Po6s-Graduagdo em Zootecnia da Faculdade de Medicina Veterinaria e
Zootecnia da UNESP, Campus de Botucatu, pelo suporte e pela oportunidade de estudar em um

programa de exceléncia.

O presente trabalho foi realizado com apoio da Coordenagdo de Aperfeicoamento de Pessoal

de Nivel Superior - Brasil (CAPES) - Codigo de Financiamento 001.

A Embrapa Pecuaria Sudeste, seus pesquisadores, trabalhadores e estudantes, por me receberem

de peito aberto e por todo o apoio durante 0 meu experimento.

I am grateful to EduCanada, University of British Columbia (UBC), Animal Welfare Program
(AWP), Professors Marina von Keyserlingk and Daniel Weary and the Dairy Education and
Research Centre (DERC) team for the amazing opportunity to enhance my research skills,
immerse myself in a new culture, and build meaningful connections with international
researchers. To all the friends I made during this experience, for the shared experiences,

memories and all support.



Xl

RESUMO GERAL

As praticas convencionais de criagdo de bezerros leiteiros, como o alojamento individual em
ambientes com poucos estimulos, sdo amplamente adotadas, mas seus impactos negativos no
bem-estar dos animais tém sido alvo de criticas da sociedade. Essas praticas restringem
comportamentos naturais essenciais para o desenvolvimento dos bezerros, como o contato
social, exploragdo e a succdo, podendo resultar em estresse e frustragdo. O enriquecimento
ambiental envolve modificagcdes que buscam aumentar a relevancia bioldégica do ambiente de
criagdo. Este estudo teve como objetivo avaliar os efeitos do enriquecimento ambiental — por
meio do alojamento em grupo durante o pré-desmame, do enriquecimento fisico e da oferta de
agua por bicos — no comportamento, saide e desempenho de bezerros leiteiros. Primeiramente,
realizamos uma revisao sistematica com abordagem meta-analitica de estudos que compararam
a criacdo de bezerros leiteiros em pares ou grupos com a cria¢do individual. Os resultados
indicaram que o alojamento precoce (< 14 dias de idade) em grupo traz beneficios
significativos, como maior ganho de peso e consumo de concentrado, além de favorecer
comportamentos ativos, como alimentacdo e brincadeira, e reduzir comportamentos de
autolimpeza. Na segunda parte, uma revisao sistematica foi conduzida para compilar estudos
sobre enriquecimento fisico para bezerros leiteiros, como o aumento do espago disponivel,
acesso a areas externas e adicdo de objetos no ambiente de criacdo. As praticas de
enriquecimento fisico mostraram-se eficazes em elevar os niveis de atividade, promover
comportamentos exploratdrios e reduzir comportamentos anormais, como a mamada cruzada.
Por fim, conduzimos um experimento para avaliar o impacto do enriquecimento nutricional,
fornecendo agua por bicos, no comportamento de bezerros alojados em grupo a pasto. Nossos
resultados sugerem que a mudanca na oferta de dgua influencia a atividade dos bezerros ao
longo do tempo, alterando o padrao de ingestdo de d4gua, com maior consumo durante a noite.
Observamos também que a auséncia de estimulo para a sucg¢do, ao utilizar baldes abertos para
a oferta de agua, contribuiu para o aumento da mamada cruzada. Em sintese, os estudos
destacam a importancia de modificar o ambiente de criagdo para atender as necessidades
comportamentais dos bezerros, evidenciando os beneficios do alojamento em grupo, do
enriquecimento fisico e da oferta de estimulos para a suc¢do na melhoria do bem-estar desses
animais. E fundamental que as préticas de manejo levem em conta esses aspectos para promover
a saude e o desenvolvimento adequado dos bezerros, contribuindo, assim, para a
sustentabilidade das fazendas leiteiras.

Palavras-chave: bem-estar animal; bovinocultura leiteira; etologia aplicada; experiéncias

positivas; producao animal; resiliéncia.
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ABSTRACT

Conventional dairy calf-rearing practices, such as individual housing in low-stimulation
environments, are widely used but have increasingly come under societal scrutiny due to their
negative impact on animal welfare. These practices restrict natural behaviors essential for calf
development, including social contact, exploration, and sucking, which can lead to stress and
frustration. Environmental enrichment includes modifications aimed at enhancing the
biological relevance of the rearing environment. This study sought to evaluate the effects of
environmental enrichment—through group housing during the pre-weaning phase, physical
enrichment, and water provision through teats—on the behavior, health, and performance of
dairy calves. First, we conducted a systematic review and meta-analysis of studies comparing
pair or group housing for dairy calves with individual housing. Results showed that early group
housing provides significant benefits, such as increased weight gain and concentrate intake, as
well as promoting active behaviors, like feeding and play, and reducing self-cleaning behaviors.
In the second part, a systematic review compiled studies on physical enrichment for dairy
calves, such as increased available space, access to outdoor areas, and the addition of objects to
the environment. Physical enrichment practices were found to effectively increase activity
levels, encourage exploratory behaviors, and reduce abnormal behaviors, such as cross-sucking.
Finally, we conducted an experiment to assess the impact of nutritional enrichment, by
providing water through teats, on the behavior of group-housed and pasture-raised calves. Our
results suggest that changing the method of water provision influences calf activity patterns
over time, altering water intake with increased consumption at night. We also observed that the
absence of a sucking stimulus, when open buckets were used for water provision, contributed
to an increase in cross-sucking behavior. In summary, these studies emphasize the importance
of modifying the rearing environment to meet calves' behavioral needs, highlighting the benefits
of group housing, physical enrichment, and providing sucking stimuli to improve calf welfare.
It is essential for management practices to consider these factors to support calf health and
development, thereby contributing to the sustainability of dairy farms.

Keywords: animal production; animal welfare; applied ethology; dairy cattle; positive

experiences; resilience.
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INTRODUCTION

In commercial dairy calf rearing, conventional practices such as individual housing,
social isolation, early weaning, and separation from the mother often compromise calf welfare
(COSTA et al., 2019; MEE, 2013; VON KEYSERLINGK et al., 2009). Despite being widely
adopted, these practices are increasingly criticized for their adverse effects on calf welfare
(PERTTU; VENTURA; ENDRES, 2020; PLACZEK; CHRISTOPH-SCHULZ; BARTH,
2021; SIROVICA et al., 2022). Calves in conventional systems may experience stress and
frustration due to a lack of stimuli, such as social isolation, restricted movement, and limited
opportunities to express natural behaviors (HULBERT; MOISA, 2016; WHALIN; WEARY;
VON KEYSERLINGK, 2021). The ability to express species-specific natural behaviors is
crucial for animal welfare, as it reflects their capacity to adapt and cope with environmental
challenges (BROOM, 1986). When these behaviors are disrupted, it may indicate that the
animal is struggling to meet its biological and psychological needs (WEINER, 1992).

Stress plays a critical role in influencing behavior (MOBERG, 2000), particularly
through activation of the hypothalamic-pituitary-adrenal axis, which triggers the release of
glucocorticoids such as cortisol (TSIGOS; CHROUSOS, 2002). This stress response is vital for
short-term survival, enabling the animal to deal with immediate threats or challenges. However,
when stress becomes chronic or recurrent (distress), it can have detrimental effects on the
animal's health, growth, and productivity (GRANDIN; DEESING, 2002; UNDERWOOD,
2002). In dairy calves, stressors such as early maternal separation, poor housing conditions,
restricted social interactions, and inadequate nutrition can disrupt biological functions, making
calves more susceptible to disease, impairing growth, and altering metabolic processes
(STAFFORD; MELLOR, 2011; WEARY; JASPER; HOTZEL, 2008). While cortisol levels,
measured in serum, plasma, saliva, feces, urine, or hair, are commonly used to assess stress
(HEIMBURGE; KANITZ; OTTEN, 2019; MOSTL; PALME, 2002), they offer only part of the
picture. Changes in behavior, such as increased vocalizations, restlessness, and reduced play,
are important factors that should be considered to provides a more comprehensive view of the
animal's ability to cope with stress (ALADOS; ESCOS; EMLEN, 1996; RUTHERFORD et al.,
2004).

Natural behaviors are essential indicators of an animal's needs and its ability to cope
with its environment (FRASER et al., 1997). These behaviors have evolved to fulfill biological
functions related to survival, social bonding, and overall well-being. Recognizing the origins

and motivations behind such behaviors helps inform management practices that minimize the
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negative impacts of confinement and improve animal welfare (NEWBERRY, 1995). In dairy
calves, behaviors such as social contact, scratching, and suckling are not only instinctive but
also highly motivated, meaning that calves actively seek opportunities to express them (DE
PASSILLE, 2001; EDE; WEARY; VON KEYSERLINGK, 2022; MCCONNACHIE et al.,
2018). When these behaviors are restricted, such as through individual housing or bucket
feeding, calves may develop signs of frustration and engage in abnormal behaviors, including
excessive licking, cross-sucking, or stereotypies (JENSEN; BUDDE, 2006; VEISSIER; CARE;
POMIES, 2013). Understanding these biological drives is crucial for designing housing and
management systems that allow for the expression of natural behaviors, ultimately supporting
healthier physical and psychological development in dairy calves.

Natural behaviors can be encouraged by adopting environmental enrichment, which
involves modifications to enhance the biological relevance of captive animals’ environment
(NEWBERRY, 1995) and contributes to positive animal welfare (RAULT et al., 2025).
Environmental enrichment is categorized into sensory, occupational (cognitive), nutritional,
social, and physical dimensions (BLOOMSMITH; BRENT; SCHAPIRO, 1991). This concept
has been widely applied in captive animal management, from zoo animals to farm livestock
(CARLSTEAD; SHEPHERDSON, 2000; HERRON; BUFFINGTON, 2012; MAPLE;
PERDUE, 2013; VAN DE WEERD; DAY, 2009). There is increasing interest in environmental
enrichment for dairy calves. However, research on this topic remains limited and dispersed
(MANDEL et al., 2016). For example, social contact plays a crucial role in the emotional and
cognitive development of calves (BERTELSEN; JENSEN, 2019). The stress caused by social
isolation makes calves more fearful than those with social contact (CREEL; ALBRIGHT, 1988;
GAILLARD et al., 2014). On the other hand, social contact allows calves to engage in natural
behaviors like play, running, and grooming, which are essential for their social and physical
development (LI et al., 2020; MINTLINE et al., 2013). Group housing has been widely studied
to understand the role of social interactions in calf development, as these interactions promote
emotional and cognitive growth, reduce stress, and enhance resilience (BREEN et al., 2023;
MALA et al., 2023; ZHANG; JUNIPER; MEAGHER, 2021).

Also, enriching the physical environment—by increasing space, providing access to
outdoor areas, or adding items like grooming brushes or objects for exploration—can
significantly improve calf welfare (CALVO-LORENZO et al., 2017; SINNOTT et al., 2022;
SUTHERLAND; WORTH; STEWART, 2014; ZHANG; JUNIPER; MEAGHER, 2022).
Outdoor calf-rearing systems have been shown to offer benefits, including improved health

outcomes (LORENZ et al., 2011; WOICIK; NALECZ-TARWACKA; GOLEBIEWSKI, 2013)
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and reduced fearfulness (FIELD et al., 2024), compared to conventional indoor settings.
Physical changes to calves’ environment can boost activity levels (LI et al., 2020), encouraging
play and exploratory behaviors, and reduce abnormal behaviors such as non-nutritive oral
behaviors (ZHANG; JUNIPER; MEAGHER, 2021). For environmental enrichment to be
effective, however, it must provide stimuli from which animals can acquire information,
pleasure, and enhance behavioral adaptability, in other words, improve animal’s welfare
(VEISSIER et al., 2024). This growing interest in environmental enrichment for dairy calves
highlights the need for a systematic and comprehensive understanding of how such strategies
can enhance calf welfare.

Non-nutritive behaviors in calves, such as cross-sucking and other oral stereotypies, are
usually related to negative emotional states (DE PASSILLE; RUSHEN; JANZEN, 1997;
LIDFORS, 1993) and animals can hurt themselves and others performing this abnormal
behavior (LALANDE; BEAUCHEMIN; H. FAHMY, 1979). Using nipple-based feeders
instead of open buckets for milk feeding has been shown to reduce the frequency of cross-
sucking, rewarding them with milk when they perform this behavior (JENSEN; BUDDE, 2006;
REIPURTH et al., 2020). For instance, many other modifications to rearing environments and
management strategies have been explored to reduce cross-sucking behavior (WELK; OTTEN;
JENSEN, 2023). Providing a dry teat (JENSEN, 2003; UDE; GEORG; SCHWALM, 2011),
using a nursing cow (BERTELSEN; JENSEN, 2023), and providing ad libitum milk (DE
PAULA VIEIRA et al., 2008; MILLER-CUSHON et al., 2013; TODD et al., 2018) are
strategies that encourage natural suckling behaviors and help reduce -cross-sucking.
Nevertheless, there are limitations to implementing these practices in dairy farm settings, and

there is a need for alternative approaches to support calves' natural suckling behaviors.



112

References

Abe, M., Iriki, T., Kondoh, K., Shibui, H., 1979. Effects of nipple or bucket feeding of milk-
substitute on rumen by-pass and on rate of passage in calves. British Journal of Nutrition 41,
175-181. https://doi.org/10.1079/BJIN19790024

Alejos-de la Fuente, 1., Almar4z-Buendia, 1., Peralta-Ortiz, J., Meza-Nieto, M., Torres-
Cardona, G., 2020. Contribucion al bienestar animal en la crianza de becerras de reemplazo:
alojamiento en pareja. Abanico Vet. 10. https://doi.org/10.21929/abavet2020.28

Alves, T.C., De-Sousa, K.T., Gomes, P.C., Paris, V.T., Deniz, M., 2024. Pasture access and
social housing influence the behaviour of dairy calves. Journal of Dairy Research 1-5.
https://doi.org/10.1017/S0022029924000633

Bates, D., Méchler, M., Bolker, B., Walker, S., 2015. Fitting Linear Mixed-Effects Models
Using Ime4. J. Stat. Soft. 67. https://doi.org/10.18637/jss.v067.101

Bertelsen, M., Jensen, M.B., 2023. Behavior of calves reared with half-day contact with their
dams. Journal of Dairy Science 106, 9613-9629. https://doi.org/10.3168/jds.2023-23394

Bertelsen, M., Jensen, M.B., 2019. Does dairy calves’ motivation for social play behaviour
build up over time? Applied Animal Behaviour Science 214, 18-24.
https://doi.org/10.1016/j.applanim.2019.02.017

Broucek, J., Uhrincat, M., Sistkova, M., Soch, M., Hanus, A., 2019. Effect of supplemental
water source on performance of calves during milk feeding and their cross-sucking after
weaning. Animal Science Papers and Reports 37, 19-28.

Bryant, M.P., Small, N., 1960. Observations on the Ruminal Microorganisms of Isolated and
Inoculated Calves. Journal of Dairy Science 43, 654—667. https://doi.org/10.3168/jds.S0022-
0302(60)90216-2

Cantor, M.C., Neave, H.W., Costa, J.H.C., 2019. Current perspectives on the short- and long-
term effects of conventional dairy calf raising systems: a comparison with the natural
environment. Translational Animal Science 3, 549-563. https://doi.org/10.1093/tas/txy 144

Day, M.L., Imakawa, K., Clutter, A.C., Wolfe, P.L., Zalesky, D.D., Nielsen, M.K., Kinder,
J.E., 1987. Suckling Behavior of Calves with Dams Varying in Milk Production. Journal of
Animal Science 65, 1207—1212. https://doi.org/10.2527/jas1987.6551207x

de Passille, A.M., 2001. Sucking motivation and related problems in calves. APPLIED
ANIMAL BEHAVIOUR SCIENCE 72, 175-187. https://doi.org/10.1016/S0168-
1591(01)00108-3

de Passillé, A.M., Borderas, F., Rushen, J., 2011. Cross-sucking by dairy calves may become
a habit or reflect characteristics of individual calves more than milk allowance or weaning.
Applied Animal Behaviour Science 133, 137-143.
https://doi.org/10.1016/j.applanim.2011.04.020

De Paula Vieira, A., Guesdon, V., De Passillé, A.M., Von Keyserlingk, M.A.G., Weary,
D.M., 2008. Behavioural indicators of hunger in dairy calves. Applied Animal Behaviour
Science 109, 180—189. https://doi.org/10.1016/j.applanim.2007.03.006



113

Donadio, J.P., De-Sousa, K.T., Torres, R.D.N.S., Alves, T.C., Hotzel, M.J., Deniz, M., 2024.
A meta-analysis approach to evaluate the effects of early group housing on calf performance,

health and behavior during the preweaning period. Journal of Dairy Science
S0022030224012190. https://doi.org/10.3168/jds.2024-25159

Ede, T., Weary, D.M., Keyserlingk, M.A.G. von, 2022. Calves are socially motivated. JDS
Communications 3, 44—48. https://doi.org/10.3168/jdsc.2021-0132

Field, L., Hemsworth, L., Jongman, E., McGill, D., Verdon, M., 2024. Early-life contact with
non-maternal adult cows and a pasture-based rearing environment influence behavioural

responses of dairy heifers to novelty. Animal Welfare 33, el8.
https://doi.org/10.1017/awf.2024.20

Field, L., Hemsworth, L.M., Jongman, E., Hunt, 1., Verdon, M., 2023. Observations on the
effects of non-maternal adult contact on the behavioural patterns of pre-weaned dairy heifers.
Anim. Prod. Sci. 63, 652—-663. https://doi.org/10.1071/AN22271

Fraser, A.F., 1980. Abnormal behaviour. Applied Animal Ethology 6, 311-313.
https://doi.org/10.1016/0304-3762(80)90131-5

Gamer, M., Lemon, J., Fellows, 1., Singh, P., 2019. irr: Various Coefficients of Interrater
Reliability and Agreement.

GroBbacher, V., Winckler, C., Leeb, C., 2018. On-farm factors associated with cross-sucking
in group-housed organic Simmental dairy calves. Applied Animal Behaviour Science 206,
18-24. https://doi.org/10.1016/j.applanim.2018.05.030

Hafez, E.S.E., Lineweaver, J.A., 1968. Suckling Behaviour in Natural and Artificially Fed
Neonate Calvesl. Zeitschrift fiir Tierpsychologie 25, 187-198. https://doi.org/10.1111/j.1439-
0310.1968.tb00012.x

Hammell, K.L., Metz, J.H.M., Mekking, P., 1988. Sucking behaviour of dairy calves fed milk
ad libitum by bucket or teat. Applied Animal Behaviour Science 20, 275-285.
https://doi.org/10.1016/0168-1591(88)90052-4

Hepola, H.P., Hanninen, L.T., Raussi, S.M., Pursiainen, P.A., Aarnikoivu, A.-M., Saloniemi,
H.S., 2008. Effects of Providing Water from a Bucket or a Nipple on the Performance and
Behavior of Calves Fed Ad Libitum Volumes of Acidified Milk Replacer. Journal of Dairy
Science 91, 1486—1496. https://doi.org/10.3168/jds.2007-0500

Herrli-Gygi, M., Hammon, H.M., Zbinden, Y., Steiner, A., Blum, J.W., 2006. Ruminal
Drinkers: Endocrine and Metabolic Status and Effects of Suckling from a Nipple Instead of

Drinking from a Bucket. Journal of Veterinary Medicine Series A 53, 215-224.
https://doi.org/10.1111/5.1439-0442.2006.00826.x

Jensen, M.B., 2004. Computer-Controlled Milk Feeding of Dairy Calves: The Effects of
Number of Calves per Feeder and Number of Milk Portions on Use of Feeder and Social
Behavior. Journal of Dairy Science 87, 3428-3438. https://doi.org/10.3168/jds.S0022-
0302(04)73478-5



114

Jensen, M.B., 2003. The effects of feeding method, milk allowance and social factors on milk
feeding behaviour and cross-sucking in group housed dairy calves. Applied Animal
Behaviour Science 80, 191-206. https://doi.org/10.1016/S0168-1591(02)00216-2

Jensen, M.B., Budde, M., 2006. The Effects of Milk Feeding Method and Group Size on
Feeding Behavior and Cross-Sucking in Group-Housed Dairy Calves. Journal of Dairy
Science 89, 4778—4783. https://doi.org/10.3168/jds.S0022-0302(06)72527-9

Jensen, M.B., Vestergaard, M., 2021. Invited review: Freedom from thirst—Do dairy cows
and calves have sufficient access to drinking water? Journal of Dairy Science 104, 11368—
11385. https://doi.org/10.3168/jds.2021-20487

Kertz, A.F., Reutzel, L.F., Mahoney, J.H., 1984. Ad Libitum Water Intake by Neonatal
Calves and Its Relationship to Calf Starter Intake, Weight Gain, Feces Score, and Season.
Journal of Dairy Science 67, 2964-2969. https://doi.org/10.3168/jds.S0022-0302(84)81660-4

Knauer, W.A., Godden, S.M., Rendahl, A.K., Endres, M.I., Crooker, B.A., 2021. The effect
of individual versus pair housing of dairy heifer calves during the preweaning period on
measures of health, performance, and behavior up to 16 weeks of age. Journal of Dairy
Science 104, 3495-3507. https://doi.org/10.3168/jds.2020-18928

Lalande, G., Beauchemin, K., Fahmy, M.H., 1979. A note on performance of Holstein
Friesian veal calves raised to weaning individually or in groups. 1D - 19800148747.
Annales de Zootechnie 28, 235-238. https://doi.org/10.1051/animres: 19790301

Lidfors, L., Isberg, L., 2003. Intersucking in dairy cattle—review and questionnaire. Applied
Animal Behaviour Science 80, 207-231. https://doi.org/10.1016/S0168-1591(02)00215-0

Loberg, J., Lidfors, L., 2001. Effect of milkflow rate and presence of a floating nipple on
abnormal sucking between dairy calves. Applied animal behaviour science 72, 189-199.
https://doi.org/10.1016/s0168-1591(01)00109-5

Lorenz, L., Earley, B., Gilmore, J., Hogan, I., Kennedy, E., More, S.J., 2011. Calf health from
birth to weaning. III. housing and management of calf pneumonia. Ir Vet J 64, 14.
https://doi.org/10.1186/2046-0481-64-14

Lv, J., Zhao, X.-W., Su, H., Wang, Z.-P., Wang, C., Li, J.-H., Li, X., Zhang, R.-X., Bao, J.,
2021. Effects of group size on the behaviour, heart rate, immunity, and growth of Holstein

dairy calves. Applied Animal Behaviour Science 241, 105378.
https://doi.org/10.1016/j.applanim.2021.105378

Mahendran, S.A., Booth, R., Beekhuis, L., Manning, A., Blackmore, T., Vanhoudt, A., Bell,
N., 2017. Assessing the effects of weekly preweaning health scores on dairy calf mortality

and productivity parameters: cohort study. Veterinary Record 181, 196—196.
https://doi.org/10.1136/vr.104197

Mahendran, S.A., Wathes, D.C., Booth, R.E., Baker, N., Blackie, N., 2023. Effects of
Individual and Pair Housing of Calves on Short-Term Health and Behaviour on a UK
Commercial Dairy Farm. ANIMALS 13. https://doi.org/10.3390/ani13132140



115

Mahendran, S.A., Wathes, D.C., Booth, R.E., Blackie, N., 2022. A survey of calf
management practices and farmer perceptions of calf housing in UK dairy herds. Journal of
Dairy Science 105, 409—423. https://doi.org/10.3168/jds.2021-20638

Mahmoud, M.E., Mahmoud, F.A., Ahmed, A.E., 2016. Impacts of self- and cross-sucking on
cattle health and performance. Vet World 9, 922-928.
https://doi.org/10.14202/vetworld.2016.922-928

Margerison, J.K., Preston, T.R., Berry, N., Phillips, C.J.C., 2003. Cross-sucking and other
oral behaviours in calves, and their relation to cow suckling and food provision. Applied
Animal Behaviour Science 80, 277-286. https://doi.org/10.1016/S0168-1591(02)00231-9

Martin, P., Bateson, P., 1986. Measuring behaviour: An introductory guide, Measuring
behaviour: An introductory guide. Cambridge University Press, New York, NY, US.

Medrano-Galarza, C., LeBlanc, S.J., DeVries, T.J., Jones-Bitton, A., Rushen, J., de Passille,
A.M., Haley, D.B., 2017. A survey of dairy calf management practices among farms using
manual and automated milk feeding systems in Canada. JOURNAL OF DAIRY SCIENCE
100, 6872—-6884. https://doi.org/10.3168/jds.2016-12273

Miller-Cushon, E.K., Bergeron, R., Leslie, K.E., DeVries, T.J., 2013. Effect of milk feeding
level on development of feeding behavior in dairy calves. Journal of Dairy Science 96, 551—
564. https://doi.org/10.3168/jds.2012-5937

Nagaraja, T.G., 2016. Microbiology of the Rumen, in: Millen, D.D., De Beni Arrigoni, M.,
Lauritano Pacheco, R.D. (Eds.), Rumenology. Springer International Publishing, Cham, pp.
39-61. https://doi.org/10.1007/978-3-319-30533-2 2

Nikkhah, A., Alimirzaei, M., 2023. Understanding Calf Behavioral Responses to
Environmental Changes and Challenges: An Applied Update. Farm Anim. Health Nutr. 2, 72—
78. https://doi.org/10.58803/fahn.v2i4.35

Phillips, C.J.C., 2004. The Effects of Forage Provision and Group Size on the Behavior of
Calves. Journal of Dairy Science 87, 1380—1388. https://doi.org/10.3168/jds.S0022-
0302(04)73287-7

Pinheiro Machado Filho, L.C., Teixeira, D.L., Weary, D.M., Keyserlingk, M.A.G.V., Hotzel,
M.J., 2004. Designing better water troughs: dairy cows prefer and drink more from larger

troughs. Applied Animal Behaviour Science 89, 185-193.
https://doi.org/10.1016/j.applanim.2004.07.002

R Core Team, 2024. R: A language and environment for statistical computing. R Foundation
for Statistical Computing.

Rashad, A.M.A., Amin, A.H., Mahdy, A.E., Aziz, M.A., El-Barbary, A.S.A., EL-Hedainy,
D.K.A., 2022. The impact of milk suckling protocol and schedule on body weight and some

morphometric measurements of Holstein heifers. Trop Anim Health Prod 54, 187.
https://doi.org/10.1007/s11250-022-03182-y

Reipurth, M., Klausen, S.K., Denwood, M., Forkman, B., Houe, H., 2020. The effect of age
when group housed and other management factors on playing and non-nutritive sucking



116

behaviour in dairy calves: a cross sectional observational study. ACTA VETERINARIA
SCANDINAVICA 62. https://doi.org/10.1186/s13028-020-00562-y

Roland, L., Drillich, M., Klein-Jobstl, D., Iwersen, M., 2016. Invited review: Influence of
climatic conditions on the development, performance, and health of calves. Journal of Dairy
Science 99, 2438-2452. https://doi.org/10.3168/jds.2015-9901

Salter, R.S., Reuscher, K.J., Van Os, J.M.C., 2021. Milk- and starter-feeding strategies to
reduce cross sucking in pair-housed calves in outdoor hutches. Journal of Dairy Science 104,
6096—6112. https://doi.org/10.3168/jds.2020-19380

Spinka, M., 2006. How important is natural behaviour in animal farming systems? Applied
Animal Behaviour Science 100, 117-128. https://doi.org/10.1016/j.applanim.2006.04.006

Spinka, M., Illmann, G., 1992. Suckling behaviour of young dairy calves with their own and
alien mothers. Applied Animal Behaviour Science 33, 165-173.
https://doi.org/10.1016/S0168-1591(05)80005-X

Tedeschi, L.O., Fox, D.G., 2009. Predicting milk and forage intake of nursing calves. Journal
of Animal Science 87, 3380-3391. https://doi.org/10.2527/jas.2009-2014

Teixeira, D.L., Hotzel, M.J., Machado Filho, L.C.P., 2006. Designing better water troughs.
Applied Animal Behaviour Science 96, 169—-175.
https://doi.org/10.1016/j.applanim.2005.06.003

Thickett, W.S., Cuthbert, N.H., Brigstocke, T.D.A., Lindeman, M.A., Wilson, P.N., 1981.
The management of calves on an early-weaning system: the relationship of voluntary water
intake to dry feed intake and live-weight gain to 5 weeks. Anim. Sci. 33, 25-30.
https://doi.org/10.1017/S0003356100025162

Ude, G., Georg, H., Schwalm, A., 2011. Reducing milk induced cross-sucking of group
housed calves by an environmentally enriched post feeding area. LIVESTOCK SCIENCE
138, 293-298. https://doi.org/10.1016/;.1ivsci.2010.12.004

Vaughan, A., Miguel-Pacheco, G.G., Marie De Passill¢, A., Rushen, J., 2016. Reciprocated
cross sucking between dairy calves after weaning off milk does not appear to negatively affect
udder health or production. Journal of Dairy Science 99, 5596-5603.
https://doi.org/10.3168/jds.2015-9504

Veissier, 1., Lesimple, C., Brunet, V., Aubé, L., Botreau, R., 2024. Review: Rethinking
environmental enrichment as providing opportunities to acquire information. animal 18,
101251. https://doi.org/10.1016/j.animal.2024.101251

Welk, A., Otten, N.D., Jensen, M.B., 2023. Invited review: The effect of milk feeding
practices on dairy calf behavior, health, and performance—A systematic review. Journal of
Dairy Science 106, 5853-5879. https://doi.org/10.3168/jds.2022-22900

Whalin, L., Weary, D.M., von Keyserlingk, M.A.G., 2022. Preweaning dairy calves’
preferences for outdoor access. Journal of Dairy Science 105, 2521-2530.
https://doi.org/10.3168/jds.2021-21064



117

Wojcik, A., Nalecz-Tarwacka, T., Golebiewski, M., 2013. Comparison of calves’ rearing
parameters in two different housing systems: indoor versus outdoor hutches. ARCHIV FUR
TIERZUCHT-ARCHIVES OF ANIMAL BREEDING 56. https://doi.org/10.7482/0003-
9438-56-063

Xiao, J., Alugongo, G.M., Li, J., Wang, Y., Li, S., Cao, Z., 2020. Review: How Forage
Feeding Early in Life Influences the Growth Rate, Ruminal Environment, and the
Establishment of Feeding Behavior in Pre-Weaned Calves. Animals 10, 188.
https://doi.org/10.3390/ani10020188

Zhang, C.Y., Juniper, D.T., Meagher, R.K., 2021. Effects of physical enrichment items and
social housing on calves? growth, behaviour and response to novelty. APPLIED ANIMAL
BEHAVIOUR SCIENCE 237. https://doi.org/10.1016/j.applanim.2021.105295



120

Final considerations and implications

Our findings underscore the benefits of early group housing, physical enrichment, and
nipple provision in supporting dairy calves’ growth, health, and natural active behaviors.
Together, these studies show that well-designed enrichment positively impacts calf behavior
and welfare, advocating for a comprehensive approach to calf-rearing those addresses both
physical and social needs. Effective management practices that meet calves' natural motivations
contribute to healthier development and support sustainable dairy farming. In this thesis,
environmental enrichment is defined as modifications that improve biological functioning, yet
for calves, some of these practices serve to fulfill basic needs. Calves are strongly motivated to
engage in behaviors like social interaction, suckling, and grazing; however, barren
environments (usually adopted in commercial dairy farms) often lack the necessary stimuli for
these behaviors, leading to the development of abnormal behaviors. The dairy industry should
shift toward establishing baseline environments that inherently fulfill calves' basic needs, such
as providing social contact, supporting natural suckling behavior, and ensuring essential welfare
standards. With these foundational needs met, environmental enrichment can then go beyond
simply addressing innate behaviors, focusing instead on additional stimulation that fosters

exploration and enhances welfare.





