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ABSTRACT 
To evaluate the productive and behavioral response of pair-housed nursing Holstein calves, 30 calves from 

one week of age until weaning (8 weeks of age) were used and randomly distributed in two treatments: 

treatment 1 pair-housed calf (T1, n=10); treatment 2 single-housed calves (T2, n=10). No significant 

difference (p>0.05) was found between treatments in initial weight (IW, T1=38.18 vs. T2=39.58, evidencing 

homogeneous groups) and total dry matter consumption (TDMC, T1=56.84 vs. T2=56.85, kg). However, 

calves housed in pairs (T1) showed significantly better results in final weight (FW, T1=75.28 vs. T2=65.74, 

kg), total weight gain TWG, T1=37.10 vs. T2=26. 16, kg), daily weight gain (DWG, T1=0.66 vs. T2=0.46, 

kg) and feed conversion (FC, T1=1.53 vs. T2=2.17), compared to individually housed calves. It concluded 

that paired calves showed greater productive response and lower frequency of stress-indicative behaviors 

compared with individually housed calves.  

Keywords: animal welfare, housing, productivity, behavior, Holstein calves. 

RESUMEN 
Con el objetivo de evaluar la respuesta productiva y conductual de becerras Holstein lactantes alojadas en 

pareja, se utilizaron 30 becerras de una semana de edad hasta el destete (8 semanas de edad) y 

distribuidas aleatoriamente en dos tratamientos: tratamiento 1 becerras alojadas en parejas (T1, n=10); 

tratamiento 2 becerras alojadas individualmente (T2, n=10). No se encontró diferencia significativa (p>0.05) 

entre tratamientos en el peso inicial (PI, T1=38.18 vs T2=39.58, lo que evidencia grupos homogéneos) ni 

en el consumo total de materia seca (CTMS, T1=56.84 vs T2=56.85, kg). Sin embargo, las becerras 

alojadas en pareja (T1) mostraron significativamente mejores resultados en el peso final (PF, T1=75.28 vs 

T2=65.74, kg), en la ganancia total de peso GTP, T1=37.10 vs T2=26.16, kg), en la ganancia diaria de peso 

(GDP, T1=0.66 vs T2=0.46, kg) y en la conversión alimenticia (CA, T1=1.53 vs T2=2.17), respecto a las 

becerras que se alojaron de manera individual. Se concluye que las becerras que estuvieron alojadas en 

parejas mostraron mayor respuesta productiva y menor frecuencia de conductas indicadoras de estrés en 

comparación con las que estuvieron alojadas de manera individual.  
Palabras clave: bienestar animal, alojamiento, productividad, comportamiento, becerras Holstein. 
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INTRODUCTION 

Animal welfare refers to the internal state of an animal when it faces the environment that 

surrounds it, so it includes its state of health, its perception of the environment and its 

mental states (Greiveldinger, 2007). It has been defined as the state in which the animal 

has its basic physiological, health and behavioral needs satisfied, in the face of changes 

in its environment (Broom, 1986). For this reason, it is increasingly perceived as an 

integral element of the global quality of food, with important implications for animal health 

and food safety, among others.  

 

However, the foregoing, intensive production systems have been designed to obtain 

increasingly higher productions at lower and lower costs, adopting in many occasions 

inappropriate management that causes acute or chronic stress, leaving aside the 

behavioral needs of the animals, with what compromises your well-being; calf raising does 

not escape this situation. Currently, in most dairy production units, the newborn calf is 

raised under a scheme that includes various situations that generate stress, one of the 

most common is to house them in pens or individual cages as a sanitary control measure, 

to avoid excessive sucking and feeding behaviors; although most of the time the cages 

are so small that they restrict and even suppress individual and social behavior patterns, 

not allowing the animal to turn around or preen the back of the body, among others (Flower 

and Weary, 2003; Galindo and Orihuela , 2004). The isolation of calves has several 

adverse effects on their well-being: it increases the frequency of vocalization and the 

presentation of abnormal behaviors, also increasing the physiological response to stress 

(heart rate and plasma cortisol levels), thereby affecting the use of nutrients, and 

consequently, the productivity of the animals. It can also impede the learning of essential 

social skills necessary to cope with the group environment that all dairy cattle are 

subjected to later in their adult life (Duve and Jansen, 2011; Horvat and Miller-Cushon, 

2019). 

 

In a previous study, housing in pairs in lactation stage, resulted in more relaxed animals, 

but the evidence of improvement in productive indicators was not conclusive (Chua et al., 

2002). One of the main objectives of the science of animal welfare is to offer management 

strategies that reduce animal suffering, thus increasing their welfare state. 

 

Therefore, the objective of this research was to evaluate the productive and behavioral 

response of lactating Holstein calves housed in pairs, compared to calves housed 

individually. 

 

https://doi.org/10.1016/j.physbeh.2007.05.012
https://doi:10.1016/0003-3472(78)90116-1
https://www.ingentaconnect.com/content/ufaw/aw/2003/00000012/00000003/art00004
https://www.ingentaconnect.com/content/ufaw/aw/2003/00000012/00000003/art00004
https://doi.org/10.3168/jds.2013-7311
doi:10.3168/jds.2019-16533
doi:10.3168/jds.2019-16533
https://doi:10.3168/jds.s0022-0302(02)74082-4
https://doi:10.3168/jds.s0022-0302(02)74082-4


ABANICO VETERINARIO ISSN 2448-6132  abanicoacademico.mx/revistasabanico/index.php/abanico-veterinario 

3 
 

MATERIAL AND METHODS 

 

Location 

This research was carried out in the facilities of the University Ranch of the Institute of 

Agricultural Sciences (ICAP) of the Autonomous University of Hidalgo State, located in 

the municipality of Tulancingo de Bravo, Hidalgo, Mexico. The climate of Tulancingo de 

Bravo is temperate-cold, with an average annual temperature of 14 °C and a rainfall that 

ranges between 500 and 553 mm per year and is located at 2,580 m.a.s.l. (García, 2017). 

Tulancingo is a fertile valley whose dairy basin produces approximately 40,000 L of milk 

per day, contributing a significant amount to the total state production, thus contributing 

to Hidalgo state occupying 10th place in the national production of cow's milk (SIAP, 

2018). 

 

Experimental animals and management 

30 one-week-old Holstein calves were used. Prior to the experiment from day 0 to 7 post-

birth, all the calves received the same management, which consisted mainly of separating 

them from their mother and housing them in an individual pen where they were offered 

two 2 L colostrum intakes, each with a 6 h interval during the first day of birth; From day 

2 after birth, they were fed 4 L of milk daily, two in the morning and two in the afternoon 

(without rejection), and from the first week of age they were offered commercial starter 

concentrate and free access water. 

 

Treatments 

The animals were housed for 8 weeks of the test in two treatments: 

a) Treatment 1: calves housed in pairs. At one week of age, 20 calves were housed in 

pairs, using 10 pens of 2.40 x 1.25 meters, designed with an outdoor area and another 

covered area, having ten experimental units. 

b) Treatment 2: calves housed individually. At one week of age, 10 calves were housed 

individually in pens of 1.20 meters x 1.25 meters, designed with an outdoor area and 

another covered area, having ten experimental units. 

Los animales fueron alojados durante 8 semanas de duración de la prueba en dos 

tratamientos: 

 

Variables of response 

a) Productives:  

I) Initial weight (IW), Final weight (FW), Daily weight gain (DWG) and 

Total weight gain (TWG). The calves were weighed at the beginning of 

the experiment and every 15 days thereafter. The IW of the calves was 

considered as a covariate to confirm the homogeneity between treatments 

in said variable and to obtain the FW, DWG and TWG. 

https://www.gob.mx/siap
https://www.gob.mx/siap
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II) Total dry matter consumption (TDMC). The starter concentrate was 

offered free access, and consumption was obtained by difference between 

what was offered and what was rejected daily. To obtain the dry matter 

content of the starter concentrate and the milk, a forced air oven was used 

until the samples reached a constant weight. 

III) Feed conversion (FC). To calculate the amount of feed needed to 

increase one kg of live weight in each calf, the amount of kilograms of dry 

matter consumed (TDMC) was divided by the total weight gain (TWG).  

 

b) Behavioral: 

Two days a week the behavior catalog of each calf was recorded, observing them for 

three hours each day for eight weeks; A sweep sampling was used in combination with a 

recording at five-minute intervals for the states, and a behavioral sampling for the events 

(Martin, 2007); obtaining a total of 576 sweeps for each calf during the experiment. 

The behavioral variables considered in the behavioral catalog were: 

• States: standing, lying down, walking, running, eating, drinking and licking. 

• Events: vocalizing, urinating and defecating. 

The final percentage of sweeps recorded in each behavior was calculated for the states, 

and the frequency for the events. 

 

 

Statistical analysis 

A completely randomized experimental design was used; behavioral variables were 

analyzed using a completely randomized model in repeated measures; while the 

productive variables were analyzed using a completely random model; in both using the 

PROC GLM procedure of SAS (SAS, 2009). 

 

 

RESULTS AND DISCUSSION 

Table 1 shows the means of the productive variables by treatment, finding no significant 

difference (p> 0.05) in the IW (T1 = 38.18 vs T2 = 39.58, kg), thereby confirming the 

homogeneity of the experimental units between treatments with respect to this variable. 

The type of accommodation did not significantly modify (p> 0.05) the total dry matter 

consumption; this variable being statistically the same in both treatments (T1 = 56.84 vs 

T2 = 56.85, kg). However, the type of housing significantly modified (p <0.05) the final 

weight, finding an increase of 14.52 % in calves that were housed in pairs, with respect to 

those housed individually (FW = T1: 75.288 vs T2: 65.747 kg). The variables total weight 

gain and daily weight gain were also modified by the effect of the type of housing, with 

increases of 41.81% and 43.04%, respectively, in calves housed in pairs (TWG = T1: 
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37.108 vs T2: 26.167, kg ; DWG = T1: 0.6683 vs T2: 0.4672, kg). Regarding feed 

conversion, significantly lower values (p <0.05) were obtained in 41.83% in the calves 

housed in pairs (T1 = 1.53 vs T2 = 2.17), which means that this group of animals used 

significantly less feed to achieve a kilogram of body weight gain, compared to calves that 

were housed individually. 

 

The results of this research agree with what was found in other studies, where it is 

reported that calves housed in the company of another or other individuals of the same 

age, establish strong social ties with their companions, which allows them to better face 

different situations of stress; which results in a lower biological cost when facing these 

stressful situations, showing a greater productive response and a wide range of behaviors 

(Christensen et al., 2002; Chua et al., 2002; Tapki, 2007; Duve and Jansen, 2011; Jansen 

and Larsen, 2014). It has also been found that calves housed in groups of 10 or less have 

better growth rates and lower morbidity rates associated with bovine respiratory disease, 

and with better levels of welfare (Nabais, 2011; Jansen and Larsen, 2014). 

 

Table 1. Productive variables in lactating Holstein calves housed in pairs (T1) or individually (T2)  

 
VARIABLE 

Types of accommodation  

Probability 

 

C. V. In pairs 
T1 

Individual 
T2 

Initial weight (IW, kg) 38.18 39.58 0.4946 8.79 

Final weight (FW, kg) 75.288 65.747 0.0153 7.95 

Total weight gain (TWG, kg) 37.108 26.167 0.0153 20.46 

Daily weight gain (DWG, kg) 0.6683 0.4672 0.0417 24.03 

Total dry matter 
consumption (TDMC, kg) 

56.84 56.85 0.9987 11.87 

Feed conversion (FC) 1.53 2.17 0.0483 18.31 

T: treatment 1: housed in pairs; T2: treatment 2: housed individually, C. V.: coefficient of variation 

 

 

Table 2 shows the means of the behavioral variables by treatment; It was found that the 

type of accommodation significantly modified (p <0.05) the percentage of time that the 

calves devoted to expressing the behaviors "standing", "walking", "drinking" and 

"vocalizing", finding that the calves that stayed in couples spent 16.26% less time standing 

(T1 = 26.57 vs T2 = 31.73), 24.77% less time walking (T1 = 2.52 vs T2 = 3.35), 23.52% 

https://doi.org/10.1016/S0168-1591(01)00196-4
https://doi:10.3168/jds.s0022-0302(02)74082-4
https://doi.org/10.1080/09064700701464405
https://doi.org/10.1016/j.applanim.2011.08.014
https://doi.org/10.3168/jds.2013-7311
https://doi.org/10.3168/jds.2013-7311
https://www.repository.utl.pt/bitstream/10400.5/3569/1/Medi%C3%A7ao%20de%20prote%C3%ADnas%20s%C3%A9ricas%20e%20imunoglobulinas%20como%20indicador%20da%20transferencia%20de%20imunidade%20passiva%20em%20vitelos.pdf
https://doi.org/10.3168/jds.2013-7311
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less time drinking (T1 = 5.17 vs T2 = 6.76) and they vocalized 41.16% minus (T1 = 2.83 

vs T2 = 4.81); compared to calves that were housed individually. During the experiment, 

the presence of diseases or abnormal behaviors was not observed in the animals of both 

treatments. The behavioral results of this research suggest that partner accommodation 

decreases the expression of stress-related behaviors, such as vocalizations. In this 

regard, De–Paula et al., (2012) indicate that under natural conditions, calves interact with 

other animals of the same age, so that individual housing limits or disappears this 

necessary interaction. 

 

Table 2. Means of different behavioral expressions in lactating Holstein calves housed in pairs (T1) 
or individually (T2) 

 
BEHAVIOR 

Types of accommodation  
Probability 

 
C. V. In pairs 

T1 
Individual 

T2 

States (time ratio, expressed as a percentage of scans) 

          Standing 26.57 31.73 0.0280 5.2 
          Lying 43.33 45.18 0.5152 3.6 
          Walking 2.52 3.35 0.0464 8.7 
          Drinking 5.17 6.76 0.0020 4.2 
          Eating 5.48 4.07 0.1547 5.1 
          Licking 
 

6.58 7.25 0.4438 2.2 

Events (frequencies) 

         Vocalizing 2.83 4.81 0.0291 3.6 
          Urinating 2.08 2.98 0.7515 3.1 
          Defecating 0.68 0.58 0.3958 2.2 

T1: treatment 1: housed in pairs; T2: treatment 2: housed individually, C. V.: coefficient of variation 

 

Calf housing methods have an important impact on the health and potential of the animal 

in its future production (Quigley, 2001). Individual housing is believed to help control 

disease, abnormal sucking behavior, and food consumption. While it has been proposed 

that individual housing simplifies disease detection and general management of calves, 

the practice has been highly criticized for the fact that it limits the degree to which the calf 

can behave naturally (Nabais, 2011; Jansen and Larsen, 2014). 

Social isolation is stressful for calves and can impede the learning of essential social skills 

necessary to cope with the group environment to which all dairy cows are subjected in 

their adult life (Morisse et al., 2000; Quigley, 2001; Horvat and Miller-Cushon, 2019). 

Individually housed calves show behavioral alterations, such as standing for long periods, 

walking more insecurely, are reluctant to change posture, and as they grow up they 

develop stereotypies motivated by lack of social activity.  

 

https://doi:%2010.3168/jds.2011-5073
http://www.calfnotes.com./
https://www.repository.utl.pt/bitstream/10400.5/3569/1/Medi%C3%A7ao%20de%20prote%C3%ADnas%20s%C3%A9ricas%20e%20imunoglobulinas%20como%20indicador%20da%20transferencia%20de%20imunidade%20passiva%20em%20vitelos.pdf
https://doi.org/10.3168/jds.2013-7311
https://doi.org/10.1016/S0377-8401(00)00112-7
http://www.calfnotes.com./
doi:10.3168/jds.2019-16533
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 Isolation at pre-weaning could also affect adaptation to group housing after weaning, 

especially with animals that had been in groups during the lactation period (Morisse et al., 

2000; Quigley, 2001; Mandel et al., 2016). In contrast, group-housed calves are safer 

(Nabais, 2011), and show a greater repertoire of activities typical of the species, including 

the expression of social behaviors, such as play and learning from their peers (Duve and 

Jansen, 2012; Costa et al., 2016). Social interactions can help them cope with stressful 

situations. Calves housed in groups or pairs are less stressed during handling and transfer 

and they are quicker to initiate solid feed consumption after weaning, compared to those 

housed individually; indicating that they are better able to cope with the elimination of 

liquid feeding (Cobb et al., 2014).  

 

The small group or couples accommodation system can be considered viable and 

economical in terms of health, development and behavior (Lakshman et al., 2009; 

Krachun and De-Pasillé, 2010; Faerevik et al., 2010; Duve and Jansen, 2011). Even 

though the quality of housing may not improve nutrition and management when they are 

poor, it can ruin the effectiveness of an excellent management and feeding program. 

Herein lies the importance of studying the behavior of calves in relation to housing 

systems (Morisse et al., 2000; Costa et al., 2016). This was verified in the present study, 

where under the same feeding scheme and with similar consumptions of milk and 

concentrate, the animals housed in pairs showed a calmer behavior and a better repertoire 

of behaviors typical of the species. This better behavioral performance was reflected in a 

better feed conversion, probably due to a better use of nutrients. The difference in the 

best feed conversion represents a greater economic benefit with the use of this system.  

 

A final point of importance for the future of animal production units is the “ethical cost” in 

production (Capó, 2005). If the ethical cost is high, it means that the animals are poorly 

treated and their welfare is low; those production units in which traditional management 

practices persist in causing unnecessary suffering to animals, will be less competitive in 

the market. The change has to do, not only with the fact that the animals must present 

absence of suffering, but also that they must experience pleasure, enjoyment (play 

behaviors, food of good nutritional/sensory quality, sex and social contact), which is 

essential to provide complete animal welfare (Balcombe, 2009). 

 

 

 

https://doi.org/10.1016/S0377-8401(00)00112-7
https://doi.org/10.1016/S0377-8401(00)00112-7
http://www.calfnotes.com./
https://doi.org/10.3168/jds.2015-9875
https://doi.org/10.3168/jds.2012-5428
https://doi.org/10.3168/jds.2012-5428
https://doi.org/10.3168/jds.2015-10144
doi:10.3168/jds.2013-6905
https://doi.org/10.1111/j.1740-0929.2008.00620.x
https://doi.org/10.1016/j.applanim.2009.12.002
https://doi:%2010.3168/jds.2010-3147
https://doi.org/10.1016/j.applanim.2011.08.014
https://doi.org/10.1016/S0377-8401(00)00112-7
https://doi.org/10.3168/jds.2015-10144
https://doi.org/10.1016/j.applanim.2009.02.012
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CONCLUSIONS 

Under the conditions in which this research was carried out, in order to compare the 

housing systems in Holstein calves, the results found suggest that housing in pairs is more 

appropriate, compared to individual housing, since it increases the productive response 

and decreases the expression of behavioral patterns, indicators of stress such as 

vocalizations. Therefore, it is possible to conclude that housing with a partner improves 

the well-being of the calves. 
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