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Housing system may affect behavior and performance of Jersey heifer calves. By Pempek et 1 
al. The literature to date with regard to alternative management systems for dairy calves is breed-2 
specific; nearly all studies have been conducted with Holstein calves.  It is currently unknown if 3 
co-housing promotes the welfare of Jersey calves.  In this experiment, pre-weaned Jersey heifer 4 
calves were housed individually or in pairs; growth and behavior were recorded.  Pair-housed 5 
heifers had better measures of growth performance, but demonstrated more undesirable social 6 
behaviors compared to individually housed calves.   7 
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ABSTRACT 46 

There is increasing social pressure to adopt alternative housing and management 47 

practices that allow farm animals more opportunity to exercise and demonstrate social behavior.  48 

The present study investigated the effect of paired housing on the behavior and performance of 49 

Jersey heifer calves.  Forty female Jersey calves were allocated to individual or pair housing at 50 

birth and monitored for 9 wk.  Calves were provided with a single hutch, and those allocated to 51 

the paired housing treatment were provided a pen enclosure twice the size of individually housed 52 

calves and only one hutch was provided per pair.  All calves were fed milk replacer via bucket 53 

twice per day (1.9 L/feeding first 7 d; 2.27 L/feeding until weaned) and had ad libitum access to 54 

calf starter and water.  Gradual weaning commenced on day 49 by reducing the calves’ milk 55 

allowance to one feeding per day and weaning occurred on day 56.  Grain consumption was 56 

monitored daily and calves were weighed weekly.  Direct behavioral observations were 57 

conducted twice per week.  Calves housed in pairs tended to have greater average daily gain 58 

(ADG) compared with calves housed individually (0.63 ± 0.02 versus 0.59 ± 0.02 kg/d; 59 

respectively).  Pair housing also increased final body weight (BW) compared with individual 60 

housing (64.9 ± 0.76 versus 61.7 ± 0.81 kg, respectively).  During observation periods, calves 61 

housed individually spent more time engaging in nonnutritive sucking than calves housed in 62 

pairs (21.5 versus 8.15%).  Calves housed in pairs were observed cross-sucking 13.2% of the 63 

time during observational periods.  In conclusion, although housing Jersey calves in pairs may 64 

increase measures of performance, future research should aim to reduce cross-sucking behavior 65 

within the Jersey breed through alternative feeding systems or environmental enrichment. 66 

Key words: dairy calf welfare, Jersey calf, housing method, calf behavior, calf performance 67 
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INTRODUCTION 69 

 Modern dairying is often criticized for the early separation (< 24 h after birth) of the calf 70 

from the dam and for individually housing (as opposed to paired or in groups) pre-weaned heifer 71 

calves (Rushen et al., 2010).  In a recent survey (USDA, 2012), 78.9% of respondents reported 72 

that they housed pre-weaned heifer calves individually, either outside (42.1%) or inside heated 73 

(10.5%) or non-heated (26.3%) barns.  This is in contrast to 15.9% of survey respondents that 74 

reported housing pre-weaned animals in any kind of group facilities.  While common, individual 75 

housing may be a disturbance to some people who may disagree with the restricted space and 76 

social isolation from other animals with this type of housing (Rollin, 1996).   77 

 The majority of the dairy industry traditionally favored housing pre-weaned calves 78 

individually in order to better manage the transmission of disease-causing organisms (Gulliksen 79 

et al., 2009).  However, recent experiments conducted to evaluate the relative health of calves 80 

housed individually versus in groups have produced conflicting results (Kung et al., 1997; Chua 81 

et al., 2002).  For example, Chua et al. (2002) examined the health of pre-weaned heifer calves 82 

housed individually or in pairs and reported that both individual and pair-housed calves remained 83 

healthy, and there were no differences observed between housing treatments on the incidence of 84 

diarrhea.  Similarly, Kung et al. (1997) reported fewer days of medication were provided to 85 

calves housed in small groups compared with those housed individually in hutches, challenging 86 

the traditional claim of improved calf health in individual housing systems.   87 

 Individual housing systems prevent calves from making physical contact with 88 

conspecifics.  This form of housing may impede social development, as calves may be more 89 

fearful of conspecifics and respond by behaving either more or insufficiently aggressive after 90 

grouping (Bøe and Færevik, 2003; Rushen et al., 2010).  Because of the natural complex 91 
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hierarchies established by dairy cattle, it is important for calves to learn how to interact socially 92 

with conspecifics (Jensen et al., 1999).  In addition, Gaillard et al. (2014) recently reported that 93 

individual rearing (as opposed to group rearing) may result in cognitive impairments in young 94 

dairy calves.  The researchers assessed cognitive performance by conducting a reversal learning 95 

task; calves were trained to associate a white or black colored stimulus with a food reward, and 96 

once calves reached the appropriate learning criterion, the colors were reversed, i.e. calves that 97 

were initially trained to associate the white stimuli with the reward then had the reward paired 98 

with the black stimulus and vice versa.  Pair-housed calves were better able to adapt and modify 99 

their behavior after the stimuli were reversed, yet individually housed calves continued to choose 100 

the incorrect stimuli.  Calves that are group-housed prior to weaning are also better able to learn 101 

how to use automated feeding equipment after weaning, as they visit the feeder more often and 102 

ingest more concentrate than calves that were previously housed individually (de Paula Vieira et 103 

al., 2010). Thus, individual rearing during the pre-weaning period may reduce behavioral 104 

flexibility and limit the calves’ ability to cope with novel situations or changes within their 105 

environment later in life.     106 

In contrast, social interactions may often be coupled with the expression of undesirable 107 

behaviors, such as cross-sucking, and this is a prime concern for dairy producers.  Cross-sucking 108 

is defined as an abnormal behavior wherein non-nutritive sucking directed toward another calf’s 109 

ears, mouth, navel, scrotum, prepuce, or other body parts occurs (de Wilt, 1985), and this 110 

behavior stems from redirection of the calf’s innate desire to suckle (Jensen, 2003).  One reason 111 

dairy producers are reluctant to adopt modern group-housing systems is because this behavior 112 

may cause hair loss, inflammation, or infection of the body part exposed to cross-sucking 113 

(Lidfors, 1993). 114 
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The vast majority of the literature with regard to the behavior and performance of dairy 115 

heifer calves housed in groups is breed-specific.  Nearly all studies to date have been conducted 116 

with Holstein calves, and it is currently unknown if Jersey calves will behave the same as 117 

Holstein calves when pair-housed.  The duration and/or frequency of cross-sucking behavior also 118 

have yet to be quantified for Jersey calves.  As there are behavioral differences among breeds of 119 

other species, such as aggression in pigs, (Breurer et al., 2003), it may be inappropriate to make 120 

the assumption that breeds of dairy calves behave in the same manner when housed similarly.  It 121 

is possible that cross-sucking behavior may be heightened within the Jersey breed, as Jersey 122 

cows are frequently observed performing oral stereotypic behaviors, such as tongue-rolling and 123 

intersucking, more often than other breeds (Lidfors and Isberg, 2003).  124 

The overall objective of this experiment was to compare the behavior and performance of 125 

Jersey heifer calves housed individually or in pairs.  We hypothesized that cross-sucking 126 

behavior would occur in pair-housed calves, as all calves were fed milk via bucket, but did not 127 

expect this behavior to be detrimental to calf health or performance.  Because of social 128 

facilitation, we also predicted that pair-housed calves would have increased measures of 129 

performance compared with individually housed calves.  Lastly, we predicted that the provision 130 

of a social partner would increase the temperature within the calf hutch, thus reducing the calves’ 131 

susceptibility to cold stress during cool weather.   132 

 133 

MATERIALS AND METHODS 134 

This study was conducted at The Ohio State University’s Waterman Dairy Center, 135 

located in Columbus, Ohio, in accordance with guidelines set by the Institutional Animal Care 136 

and Use Committee (Protocol No. 2012A00000099).  Forty female Jersey calves born between 137 
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August 2012 and February 2013 were blocked by date of birth and allocated to individual or pair 138 

housing treatments at birth and monitored for 9 wk (63 d).  Calves assigned to the pair housing 139 

treatment were also balanced by weight.  Calves were housed in hutches (non-tethered, wire pen 140 

enclosure) and both individually (n = 20 calves) and pair-housed (n = 20 calves) calves were 141 

provided with one hutch placed on loose gravel.  Only one hutch was provided to pair-housed 142 

calves due to the calves’ tendency to remain in the same hutch over 80% of the time when 2 143 

hutches are provided (J. Pempek, unpublished data).  The size of the wire pen enclosure for pair-144 

housed calves measured 1.22 m × 2.39 m (1.46 m2/calf) and 1.22 m × 1.17 m (1.43 m2/calf) for 145 

individually housed calves.  Hutches were bedded with straw.   146 

All calves received 1.9 L of maternal colostrum via bottle from Johne’s disease-negative 147 

dams as soon as possible after birth and again within 12 h of the first colostrum feeding per 148 

regular herd standard operating procedure.  If good-quality maternal colostrum was not readily 149 

available for use, replacement colostrum (bovine IgG, colostrum replacement; Land O’Lakes 150 

Animal Milk Products, St. Paul, MN) was fed to the calf.  151 

Total serum protein 152 

 Blood samples were collected in 5-mL Vacutainer serum collection tubes (BD Vacutainer 153 

Plus Blood Clot Collection Tubes, Franklin Lakes, NJ) via jugular venipuncture within 48 h after 154 

the calves were fed colostrum.  The blood samples were immediately placed on ice after 155 

collection and transported to the laboratory within 1 h.  Samples were then allowed to clot at 156 

room temperature, after which they were centrifuged at 3,500 RPM (1,180 x g) a 4°C for 15 min.  157 

Total serum protein was analyzed using a JorVet clinical hand-held refractometer (Jorgesen 158 

Laboratories, Inc., Loveland, CO).   159 

 160 
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Feed 161 

Calves were fed milk replacer (Cow’s Match Jersey Blend; 28% crude protein (CP) and 162 

25% fat, as-fed basis; Land O’ Lakes Animal Milk Products, Shoreview, MN) twice daily at 163 

approximately 0600 and 1700 h.  Throughout the experiment, milk replacer was provided in 164 

buckets.  The buckets were removed as soon as the calves completed their milk meal, and it was 165 

ensured that calves housed in pairs had access to the milk simultaneously.  During the first week 166 

of life, calves received 1.9 L of milk per feeding and were then increased to 2.27 L of milk per 167 

feeding until the commencement of weaning.  Gradual weaning began on d 49, as calves were 168 

decreased to one milk feeding (morning only) per day, and all calves were weaned on d 56.  169 

Calves had ad libitum access to a texturized starter grain (22% CP; AMPLI-Calf 22 Jersey R40, 170 

Land O’Lakes Purina Feed, LLC, Shoreview, MN) medicated with 44 g/t of monensin 171 

(Rumensin; Elanco Animal Health, Greenfield, IN) and water throughout the experiment.  172 

Behavior Observations 173 

Calf behavior was recorded by direct observation using instantaneous scan-sampling with 174 

60 s intervals.  Observation periods were conducted twice per week (1 h session duration) and 175 

were centered around one morning and one evening milk-feeding period.  Scan-sampling began 176 

30 min prior to the delivery of milk and ended 30 min after milk delivery to calves.  The scan 177 

sample period length for each animal was approximately 5 s, and only the initial posture 178 

(standing or lying) and behavioral state (non-nutritive sucking, locomotor play, object play, self-179 

grooming, ingesting starter, water or milk, cross-sucking, allogrooming, social play, or other) of 180 

the calf was recorded.  The recorded behaviors are listed and defined in Table 1.   181 

 182 

 183 
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Performance and Health 184 

All calves were weighed at birth and weekly thereafter.  Grain consumption was recorded 185 

daily by the collection of feed refusals prior to the evening milk feeding.  Feed refusals for pair-186 

housed calves were averaged, as it was not possible to monitor individual feed intake.  In 187 

addition, hip height (HH) and wither height (WH) and body length measurements were taken at 188 

birth and 3, 6, and 9 wk of age.   189 

Fecal scores (Diaz et al., 2001) and rectal body temperature were recorded daily at 1500 190 

h each day.  When calves were diagnosed as ill, they were treated per veterinarian 191 

recommendations using an oral electrolyte solution (Entrolyte H.E.; Pfizer Animal Health, New 192 

York, NY) and antibiotics.  Both type and duration of treatment were recorded.   193 

To examine the accuracy of a wireless data logger as a noninvasive alternative to 194 

monitoring core body temperature, wireless data loggers (Thermochron iButton DS1922T, 195 

Maxim Integrated, San Jose, CA) were adhered to the underside of calves’ tails with medical 196 

tape and further secured with vet wrap (n = 8 calves due to the cost of data loggers).  Each 197 

iButton was set to record the calf’s temperature once every 15 min in order to observe daily 198 

temperature variation throughout the experiment.   199 

Environmental factors 200 

 AcuRite Wireless Digital Thermometers (Lake Geneva, Wisconsin) were secured within 201 

suet wire baskets (KAYTEE Cake Feeder Station, Chilton,WI) for protection and mounted 202 

directly above the straw bedding in the back of each hutch in order to monitor daily interior 203 

hutch temperature (maximum and minimum).  In addition, weather data were collected from the 204 

National Oceanic and Atmospheric Administration’s National Weather Service (Columbus, 205 

Ohio) for all days of the experimental period.  206 
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Statistical analysis 207 

 Data were analyzed as a randomized complete block design with repeated measures in 208 

time using the MIXED procedure of SAS (Version 9.3, SAS Institute Inc., Cary, NC).  One pair 209 

was separated after wk 3 of the experiment due to an aural hematoma; these data were still 210 

included as a pair for the analysis with missing data points after wk 3.  The covariance structures 211 

of error were selected based on the lowest Bayesian information criteria (BIC).  Least squares 212 

means and standard errors were determined using the LSMEANS statement in the MIXED 213 

procedure.  Significant differences were declared at P ≤ 0.05 and a trend at P ≤ 0.10.   214 

Behavior analysis. Because the effect of treatment did not vary across experimental 215 

weeks, these data were combined to provide one morning and one evening behavior observation 216 

period per calf.  The model included the fixed effects of treatment (1 df), observation period (1 217 

df), treatment x observation period interaction (1 df), and the random effect of block (9 df).  Calf 218 

within treatment by block was used as the experimental unit.  To obtain normality, the mean 219 

proportion of the behaviors displayed by all calves, independent of housing treatment, was 220 

transformed using the arcsin transformation (Snedecor and Cochran, 1967), and all transformed 221 

data were back-transformed for reporting.  The selected covariance structure of error was the 222 

banded main diagonal (UN(1)) structure.   223 

Performance analysis. The model included the fixed effects of treatment (1 df), week of 224 

experiment (8 df), treatment x week interaction (8 df), and the random effect of block (9 df).  225 

Calf within treatment by block was used as the experimental unit.  Birth measurements were 226 

used for covariate adjustment of data.  The selected covariance structure of error was the first-227 

order autoregressive (AR(1)) structure.  Due to the low level of occurrence, morbidity data were 228 

summarized descriptively.   229 
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Environmental factors analysis. The effects of housing treatment on average internal 230 

hutch temperature (below 10ºC) and d below 10ºC were also compared.  The model included the 231 

fixed effects of treatment (1 df) and the random effect of block (9 df).   232 

 233 

RESULTS 234 

Behavior 235 

 Behavior results revealed that the posture of calves housed in pairs was similar to the 236 

posture of calves housed individually (Table 2). During periods of observation, calves housed 237 

individually spent more time engaged in non-nutritive sucking compared with calves housed in 238 

pairs (21.5 ± 0.03% versus 8.15 ± 0.03% of total observations).  However, calves housed in pairs 239 

were observed cross-sucking, which occurred predominantly after the completion of their milk 240 

meal.   Locomotor play, object play, and self-grooming behaviors were observed less frequently, 241 

yet calves housed individually were observed performing object play and self-grooming 242 

behaviors more often than calves housed in pairs (Table 2).  In addition, calves housed in pairs 243 

consumed their milk meal faster than calves housed individually (4.20 ± 0.002% versus 4.86 ± 244 

0.002% of total observations).  However, no differences were observed between the amount of 245 

time calves spent consuming calf-starter and water (Table 2).  Lastly, affiliative behaviors, such 246 

as allogrooming and social play, were rarely observed among calves housed in pairs during 247 

periods of observation (0.30 ± 0.010% and 0.06 ± 0.003% of total observations, respectively).  248 

Performance and Health 249 

 Although housing Jersey heifer calves in pairs did not significantly increase overall mean 250 

body weight (BW) (Table 3), a treatment by time interaction (P = 0.05) revealed that calves 251 

housed in pairs tended to weigh more than individually housed calves during wk 7 and 8 (Figure 252 
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1), and calves housed in pairs completed the experiment with a greater final BW compared with 253 

calves housed individually (64.9 ± 0.76 versus 61.7 ± 0.81 kg).  In addition, ADG tended to be 254 

higher for pair-housed calves compared with calves housed individually (Table 3).  Overall grain 255 

DMI did not differ between treatments, yet a treatment by time interaction (Figure 2) revealed 256 

that calves housed in pairs consumed significantly more calf-starter during wk 9 than calves 257 

housed individually (2.36 ± 0.06 versus 2.12 ± 0.06 kg/d).  258 

 Calves housed in pairs were taller at the withers compared with calves housed 259 

individually (74.7 versus 74.1 ± 0.23 cm).  However, the hip heights of calves were similar 260 

between both treatments (Table 3).  Body length measurements also did not differ among 261 

treatments, yet there was approaching tendency for pair-housed calves to grow more from the 262 

withers to the pins than individually housed calves (56.1 versus 55.2 ± 0.37; P = 0.11).    263 

 All calves had a total serum protein concentration > 5.5 g/dl, which did not differ by 264 

treatment (Table 4).  Calf fecal scores were not affected by housing treatment had no effect on 265 

fecal score (Table 4).  However, there was a significant week effect, as fecal score increased with 266 

age from 1.33 ± 0.12 during wk 1 to 2.98 ± 0.12 during wk 9.  Rectal body temperature also did 267 

not differ by treatment (Table 4), yet there was a significant wk effect; calves’ rectal body 268 

temperature decreased slightly with age.  All calves remained healthy throughout the duration of 269 

the experiment.   270 

 Rectal temperature (°C) was best predicted as 37.6 ± 0.75 + 0.03 ± 0.02 * Thermochron 271 

iButton temperature (°C).  This equation had an R2 value of 0.01 and RMSE of 0.37, indicating 272 

that tail skin temperature is not an accurate predictor of calf core body temperature (P = 0.10).   273 

 274 

 275 



 12	  

Environmental factors 276 

 The mean ambient high and low temperatures throughout the duration of the experiment 277 

are listed in Table 5; average high temperatures ranged from 3.53 to 30.4°C, and the average low 278 

temperatures ranged from -4.48 to 16.35°C.  When the internal hutch temperature fell blow 279 

10°C, the average environmental temperature did not differ by housing treatment; calves housed 280 

in pairs and calves housed individually experienced similar thermal conditions when the 281 

temperature fell below the thermoneutral zone (3.58 ± 1.80 versus 3.59 ± 1.80°C).  In addition, 282 

the average number of days in which calves may have been exposed to cold-stress conditions did 283 

not differ by housing treatment; calves housed in pairs experienced approximately 39.4 ± 2.97 d 284 

below thermoneutral temperatures, whereas calves housed individually experienced 41.0 ± 2.97 285 

d below thermoneutral temperatures.   286 

 287 

DISCUSSION 288 

Behavior  289 

Calves housed individually were observed to engage in non-nutritive sucking 290 

significantly more often than calves housed in pairs.  Under modern production systems and 291 

despite having received adequate nutrition, young calves may develop oral stereotypes as they 292 

continue to suck on fixtures within the pen, along with other calves if they are housed with 293 

conspecifics (de Passillé, 2001).  Non-nutritive sucking may be observed under natural 294 

conditions, yet it more commonly occurs within artificial rearing systems, and it is directed 295 

towards various fixtures of the pen, a dry artificial teat, or if accessible, another calf without 296 

receiving any nutritive reinforcement (Jensen, 2003).  Previous research suggests that non-297 

nutritive sucking may be detrimental to calf health and performance, as the consumption of non-298 
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feed particles (soil, metal oxides, etc.) can have a direct effect on stomach upset and possibly 299 

lead to other health complications (Broom, 1991).   300 

It is important to note that milk was provided only via bucket in this study, which may 301 

have contributed to the expression of non-nutritive sucking.  Currently, however, this feeding 302 

method is widely used for its convenience in the dairy industry. For instance, a study conducted 303 

in Canada recently reported that 92.0% of feeding management systems employed the use of an 304 

open bucket or pail for milk delivery, whereas only 17.7% of systems employed the use of a 305 

bottle fitted with a teat (Vasseur et al., 2009).  The young calf’s motivation to suckle is 306 

inherently strong (de Passillé, 2001), and the inability to perform such behaviors that are intrinsic 307 

in nature may directly and indirectly affect animal welfare.  A further consequence of the 308 

inability to suckle may be the development of stereotypical oral behaviors (Bergeron et al., 309 

2006).   310 

In contrast to individually housed calves, calves housed in pairs engaged in cross-sucking 311 

behavior, which was predominantly directed toward the navel and the ears of the companion calf.  312 

As mentioned previously, one pair had to be permanently separated as a consequence of this 313 

behavior, and unforeseen occurrences of frostbite throughout the winter months, inflammation of 314 

navels, and one ear infection (Mycoplasma bovis) were also observed.  In contrast, few studies 315 

conducted with Holstein calves have reported cross-sucking as being injurious to calf health 316 

(deWilt, 1985; Chua et al., 2002; Babu et al., 2004).  However, the experiments that found this to 317 

be a concern only offered milk to calves in a bucket or trough (Margerison et al., 2003), similar 318 

to the feeding management system employed in this research study.  To reduce the potential 319 

detrimental effects of cross-sucking behavior, it is recommended that calves be offered milk via 320 

bottle fitted with a teat if they are housed in a group setting. 321 
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It is difficult to directly and quantitatively compare the occurrence of cross-sucking 322 

behavior across studies, and thus across different breeds, as behavioral observations are typically 323 

conducted differently.  Future experiments should aim to reduce cross-sucking behavior 324 

specifically within the Jersey breed through alternative milk-feeding systems and the use of 325 

environmental enrichment devices.  In addition, it may be of interest to investigate a potential 326 

association between cross-sucking behavior and the stereotypic tongue-rolling behavior, as 327 

Jersey cattle predominantly exhibit this oral stereotypic behavior. 328 

Performance and Health 329 

In the current experiment, disease prevalence, other than diarrhea, was minimal and did 330 

not differ between housing treatments.  Calves remained healthy and continued to gain weight 331 

rapidly.  Calves in our study grew at comparable rates to Jersey calves in other studies, as well; 332 

Jensen (2006) reported an ADG of 0.594 kg/d.  Housing Jersey heifer calves in pairs improved 333 

measures of performance, as was initially hypothesized.  ADG tended to be higher for calves 334 

housed in pairs compared with calves housed individually, and treatment by time interaction 335 

trends revealed that calves housed in pairs consumed more calf-starter during the wk after 336 

weaning.  Also, calves housed in pairs tended to have a higher BW during the weaning period, 337 

which significantly increased during the wk after weaning.  Our results agree with previous 338 

studies that also have reported increased weight gains for group-housed calves (Xiccato et al., 339 

2001; Chua et al., 2002).  Such improvements may be attributed to social facilitation, as group 340 

activity and early social interactions allow calves to learn at a faster pace than those reared 341 

individually (Babu et al., 2004; Gailliard et al., 2014).   342 

In addition, the weaning period is one of the most stressful periods in the young calves’ 343 

life (Weary et al., 2008).  Thus, social companionship may reduce the level of stress calves 344 
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experience during this period and also minimize the often-observed slowed growth via social 345 

buffering (de Paula Vieira et al., 2010).  For instance, de Paula Vieira et al. (2010) reported that 346 

pair-housed calves spent more time at the feeder, visited the feeder more often, and ingested 347 

more concentrate.  The authors also reported that pair-housed calves showed a reduced vocal 348 

response to weaning compared with individually housed calves.  Although the calves’ behavioral 349 

response to weaning was not quantified in the present study, calves housed individually did 350 

experience a period of growth check.  Thus, this research supports the aforementioned studies 351 

conducted with Holstein heifer calves and suggests that housing Jersey calves in pairs also 352 

mitigates the stressors associated weaning as young calves transition from milk to a solid diet.   353 

Environmental factors 354 

The thermoneutral zone for young dairy calves is between 10 to 20°C (Scibilia et al., 355 

1987), and when environmental temperatures drop below this threshold, calves must consume 356 

more nutrients for body maintenance (NRC, 2001).  Environmental temperature below this range 357 

is considered one of the most commonly experienced stressors (Litherland et al., 2014).  It was 358 

expected that when the internal hutch temperature fell below 10°C, the lower range of the young 359 

calf’s thermoneutral zone, the average temperature for calves housed in pairs would be higher 360 

than the temperature for calves housed individually.  However, this initial hypothesis was 361 

incorrect, as our results indicated that the temperature within the hutch remained the same 362 

independent of treatment during potential periods of cold stress.  In addition, although there was 363 

no difference observed by treatment, calves experienced chilling or cold-stress over two-thirds of 364 

the experimental duration.  This is an important management consideration, as the majority of 365 

Jersey heifer calves in this experiment experienced cold-stress.   366 

 367 
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CONCLUSIONS 368 

 Housing Jersey heifer calves in pairs or in small groups allows for early social 369 

interactions and may increase measures of performance pre- and post-weaning.  Future research 370 

should aim to compare Holstein and Jersey breeds behaviorally and reduce cross-sucking 371 

behavior specifically within the Jersey breed by using alternative feeding systems or 372 

environmental enrichment.  In addition, a noninvasive proxy for core body temperature in pre-373 

weaned calves is still needed, as tail skin temperature is not a viable alternative. 374 

 375 

ACKNOWLEDGEMENTS 376 

The authors are thankful for the cooperation of the students and staff of Waterman Dairy 377 

Center and for their assistance throughout this research trial.  We also wish to express gratitude 378 

to the American Jersey Cattle Association for their financial assistance and to Dr. Normand St. 379 

Pierre for his statistical consultation.   380 

 381 

REFERENCES 382 

Babu, L. K., H. N. Pandey, and A. Sahoo. 2004. Effect of individual versus group rearing on 383 
ethological and physiological responses of crossbred calves. Appl. Anim. Behav. Sci. 384 
87:177-191. 385 

 386 
Bergeron, R., A. J. Badnell-Waters, S. Lambton, and G. Mason. 2006. Stereotypic oral behaviour 387 

in captive ungulates: Foraging, diet and gastrointestinal function. Pages 19-57 in Stereotypic 388 
animal behaviour: Fundamentals and application to welfare. G. Mason and J. Rushen, ed. 389 
CABI Publishing. Wallingford, United Kingdom.  390 

 391 
Bøe, K. E., and G. Færevik. 2003. Grouping and social preferences in calves, heifers and cows. 392 

Appl. Anim. Behav. Sci. 80:175-190. 393 
 394 
Breuer, K., M. E. M., Sutcliffe, J. T. Mercer, K. A. Rance, V. E. Beattie, I. A. Sneddon, and S. 395 

A. Edwards. 2003. The effect of breed on the development of adverse social behaviours in 396 
pigs. Appl. Anim. Behav. Sci. 84(1):59-74. 397 



 17	  

Broom, D. M. 1991. Animal welfare: Concepts and measurements. J. Anim. Sci. 69: 4167-4175.  398 
 399 
Chua, B., E. Coenen, J. van Delen, and D. M. Weary. 2002. Effects of pair versus individual 400 

housing on the behavior and performance of dairy calves. J. Dairy Sci. 85:360-364. 401 
 402 
de Passillé, A. M. B. 2001. Sucking motivation and related problems in calves. Appl. Anim. 403 

Behav. Sci. 72:175-187. 404 
 405 
de Paula Vieira, A., M. A.G. von Keyserlingk, and D.M. Weary. 2010. Effects of pair versus 406 

single housing on performance and behavior of dairy calves before and after weaning from 407 
milk. J. Dairy Sci. 93:3079–3085. 408 

 409 
de Wilt, J. G. 1985. Behaviour and welfare of veal calves in relation to husbandry systems. Ph.D. 410 

Dissertation, Agric. Univ. of Wageningen, The Netherlands. 411 
 412 
Diaz, M. C., M. E. Van Amburgh, J. M. Smith, J. M. Kelsey, and E. L. Hutten. 2001. 413 

Composition of growth of Holstein calves fed milk replacer from birth to 105-kilogram body 414 
weight. J. Dairy Sci. 84:830-842.  415 

 416 
Gaillard, C., R. K. Meagher, M. A. von Keyserlingk, and D. M. Weary. 2014. Social housing 417 

improves dairy calves' performance in two cognitive tests. PLoS ONE. 9(2), e90205. 418 
 419 
Gulliksen, S. M., K. I. Lie, T. Løken, and O. Østerås. 2009. Calf mortality in Norwegian dairy 420 

herds. J. Dairy Sci. 92(6):2782-2795. 421 
 422 
Jensen, M. B. 2006. Computer-controlled milk feeding of group-housed calves: The effect of 423 

milk allowance and weaning type. J. Dairy Sci. 89:201–206. 424 
 425 
Jensen, M. B. 2003. The effects of feeding method, milk allowance and social factors on milk 426 

feeding behaviour and cross-sucking in group housed dairy calves. Appl. Anim. Behav. Sci. 427 
80:191-206. 428 

 429 
Jensen, M. B., L. Munksgaard, L. Mogensen, and C. C. Krohn. 1999. Effects of housing in 430 

different social environments on open-field and social responses of female dairy calves. Acta 431 
Agriculturae Scandinavica: Section A, Animal Science 49:113-120. 432 

 433 
Kung, L., Jr., S. Demarco, L. N. Siebenson, E. Joyner, G. F. W. Haenlein, and R. M. Morris. 434 

1997. An evaluation of two management systems for rearing calves fed milk replacer. J. 435 
Dairy Sci. 80:2529–2533. 436 

 437 
Lidfors, L. and L. Isberg. 2003. Intersucking in dairy cattle—review and questionnaire. Appl. 438 

Anim. Behav. Sci. 80(3):207-231. 439 
 440 
Lidfors, L. M. 1993. Cross-sucking in group-housed dairy calves before and after weaning off 441 

milk. Appl. Anim. Behav. Sci. 38:15-24. 442 



 18	  

Litherland, N. B., D. N. L. Da Silva, R. J. LaBerge, J. Schefers, and A. Kertz. 2014. 443 
Supplemental fat for dairy calves during mild cold stress. J. Dairy Sci. 444 
http://dx.doi.org/10.3168/jds.2013-6942. 445 

 446 
Margerison, J. K., T. R. Preston, N. Berry, and C. J. C. Phillips. 2003. Cross-sucking and other 447 

oral behaviours in calves, and their relation to cow suckling and food provision. Appl. Anim. 448 
Behav. Sci. 80:277-286. 449 

 450 
McDowell, R. E., H. K. Lee, H. W. McMullan, M. H. Fohrman, and W. W. Swett. 1954. Body 451 

weights, body measurements, and surface area of Jersey and Sundhi-Jersey (F1) crossbred 452 
females. J. Dairy Sci. 37:1420-1428. 453 

 454 
National Research Council (NRC). 2001. Nutrient Requirements of Dairy Cattle. 7th rev. ed. 455 

National Academy Press, Washington, DC. 456 
 457 
Rollin, B. E. 1996. The new ethic for animals and the dairy industry. Pages 4-18 in Proc. Natl. 458 

Mastitis Council, Nashville, TN. Arlington, VA: Natl. Mastitis Council, Inc. 459 
 460 
Rushen, J., A. M. de. Passillé, M. A. G. von Keyserlingk, and D. M. Weary. 2010. The Welfare 461 

of Cattle. C. Phillips, ed. Springer Publishing. Dordrecht, The Netherlands. 462 
 463 
SAS Institute. 2004. SAS/STAT® 9.3 User's Guide. SAS Inst. Inc., Cary, NC. 464 
 465 
Scibilia, L. S., L. D. Muller, R. S. Kensinger, T. F. Sweeney, and P. R. Shellenberger. 1987. 466 

Effect of environmental temperature and dietary fat on growth and physiological responses of 467 
newborn calves. J. Dairy Sci. 70:1426–1433. 468 

 469 
Snedecor, W. S., and W. G. Cochran. 1980. Statistical methods. Iowa Univ. Press, Ames, Iowa. 470 
 471 
United States Department of Agriculture (USDA). 2012. Dairy heifer raiser, 2011: An overview 472 

of operations that specialize in raising dairy heifers. USDA-APHIS-VS-CEAH-NAHMS. 473 
Fort Collins, CO. 474 

 475 
Vasseur, E., F. Borderas, R. I. Cue, D. Lefebvre, D. Pellerin, J. Rushen, K. M. Wade, and A. M. 476 

de Passillé. 2009. A survey of dairy calf management practices in Canada that affect animal 477 
welfare. J. Dairy Sci. 93:1307-1315. 478 

 479 
Weary, D. M., J. Jasper, and M. J. Hötzel. 2008. Understanding weaning distress. Appl. Anim. 480 

Behav. Sci. 110(1):24-41. 481 
 482 
Xiccato, G., A. Trocino, P. I. Queaque , A. Sartori , and A. Carazzolo. 2001. Rearing veal calves 483 

with respect to animal welfare: Effects of group housing and solid feed supplementation on 484 
growth performance and meat quality. Livest. Prod. Sci. 75:269-280. 485 

 486 
 487 



 19	  

Table 1. Ethogram of the recorded behaviors and their description 488 

Behavior Description 

Lying The calf is resting on the ground; head may be supported or unsupported 
by the neck 

Standing The calf is standing with all 4 legs on the ground 

Other The calf is ruminating, urinating, defecating, or performing another 
behavior not described 

Non-nutritive 
sucking 

The calf’s tongue is out of its mouth and is in contact with or biting any 
fixtures of the pen; may include bucket if milk is not available at the time 
of observation 

Locomotor play The calf is engaged in a gallop, leap, buck-low, buck-high, buck-kick, or 
turn 

Object play The calf is standing; butting head against milk or water buckets or hutch in 
a playful manner 

Self-grooming The calf’s tongue is out of its mouth and in contact with its own body 

Ingesting starter The calf is consuming calf-starter from a bucket 

Ingesting water The calf is ingesting water by drinking from a bucket 

Ingesting milk The calf is ingesting milk by drinking from a bucket 

Cross-sucking Pair-housed calves only - The calf is sucking on the body of another calf; 
the sucking movements are performed with the body part in the mouth 

Allogrooming Pair-housed calves only - The calf’s tongue is out of its mouth and in 
contact with the head, neck, or body of the companion calf 

Social play Pair-housed calves only - The calves are standing front-to-front; butting 
head against head/neck in a playful manner 

 489 
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 495 
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Table 2. Least squares means (± SEM) percentage of time calves engaged in each of the 496 
behaviors measured 497 
 498 

Behavior (%) Individual Pair SEM P-value 

Lying 24.7 25.6 0.03 NS 

Standing 70.5 74.2 0.10 NS 

Idle 57.1 60.7 0.03 NS 

Other 0.37 0.28 0.004 NS 

Non-nutritive sucking 21.5 8.15 0.03 < 0.0001 

Locomotor play 1.02 0.66 0.01 NS 

Object play 1.36 0.21 0.01 < 0.0001 

Self-grooming 1.94 0.67 0.01 < 0.001 

Ingesting starter 4.14 4.63 0.01 NS 

Ingesting water 0.76 0.55 0.003 NS 

Ingesting milk 4.86 4.20 0.002 < 0.05 

Cross-sucking -- 13.5 0.02 -- 

Allogrooming -- 0.30 0.010 -- 

Social play -- 0.06 0.003 -- 
 499 

 500 

 501 

 502 

 503 

 504 

 505 

 506 
 507 
 508 
 509 
 510 
 511 



 21	  

Table 3. Least squares means (± SEM) of BW, ADG, grain DMI, withers height, hip height, and 512 
body length measurements for calves housed individually (n = 20 calves) or in pairs (n = 20 513 
calves) during the milk feeding and weaning periods 514 
 515 

Variable Individual Pair SEM P-value 
BW (kg) 41.3 41.9 0.53 0.39 
ADG (kg/d) 0.59 0.63 0.02 0.09 
Grain DMI (kg/d) 0.68 0.72 0.05 0.44 
Withers height (cm) 74.1 74.7 0.23 0.02 
Hip height (cm) 76.9 76.9 0.23 0.85 
Shoulders to pins (cm) 65.3 65.2 0.32 0.88 
Withers to pins (cm) 55.2 56.1 0.37 0.11 
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Table 4. Least squares means of total serum protein within 48 h of birth and average fecal score 544 
(4-point scale) and body temperature for calves housed in pairs (n = 20 calves) or individually 545 
(n = 20 calves) during the milk feeding and weaning periods 546 
 547 
Variable Individual Pair SEM P-value 
Total serum protein 
(g/dL) 7.22 7.02 0.21 0.35 

Fecal score1 1.98 2.08 0.09 0.28 
Body temperature 
(°C) 38.8 38.8 0.03 0.27 
1Diaz et al., 2001 (1 = firm, well-formed (not hard); 2 = soft, pudding-like; 3 = runny, pancake 
batter; 4 = liquid, splatters) 
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Table 5. Mean ambient temperature by month throughout the experimental period 565 

Month High Temperature 
(°C)1 

Low Temperature 
(°C)1 

August 2012 30.4 16.4 
September 2012 24.7 12.8 
October 2012 17.2 7.38 
November 2012 11.0 0.24 
December 2012 7.47 0.79 
January 2013 4.32 -4.23 
February 2013 3.53 -4.48 
March 2013 7.01 -1.13 
April 2013 18.4 6.00 
1Weighted for the number of calves on trial per month 
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Figure 1. BW for calves housed in pairs or individually during the milk feeding and weaning 587 
periods   588 
 589 
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Figure 2. Grain DMI for calves housed in pairs (n = 20 calves) or individually (n = 20 calves) 614 
during the milk feeding and weaning periods    615 
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