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Abstract
Most dairy calves are housed individually in their early ontogeny but there is an increasing interest in housing
calves socially. Social housing has many positive effects on calf welfare including an advantage of social
buffering, i.e., when negative effects of stress are mitigated through social support of familiar conspeci�c. So
far, social buffering has not been tested in relation to stress after disbudding, a painful husbandry procedure
performed in young calves. Therefore, the effect of pair versus individual housing on calves’ reaction to
disbudding was investigated. In total 50 female calves housed either individually (n= 14) or in pairs (n= 36, 18
focal) were used. Calves were hot-iron disbudded with a local anesthetic and their behavior in home pens was
recorded 24 h pre- and post-disbudding. Feeding, ruminating, resting, exploration, play, self-grooming, and
pain-related behaviors were quanti�ed during eight 20 min intervals during the 24 h periods pre- and post-
disbudding. In pair-housed (PAIR) calves social resting, active and passive allo-grooming were additionally
recorded. Concentrate intake was measured 24 h pre- and post-disbudding. The changes of pre- and post-
disbudding behaviors as well as differences between individually housed (INDI) and PAIR calves were tested
by general linear models. The differences in pre- and post-disbudding behaviors of PAIR calves were tested by
paired t-test. We found that head rubbing (t=-5.14, P<0.0001) and head shaking (t=-3.33, P=0.004) increased
after disbudding. Feeding increased only in PAIR calves (t=-2.95, P=0.016) which also resulted in a difference
between treatments with PAIR calves fed more than INDI calves (F1,18=12.27, P=0.003). We did not �nd any
other signi�cant differences. Our results provide the �rst evidence that housing treatment affects calves'
reactions to disbudding, with possible indication of social buffering.

Introduction
Disbudding is a routine husbandry procedure de�ned as removal of horn buds in calves of up to 2 months of
age whereas dehorning is de�ned as removal of horns in older cattle. In Europe, 81% of dairy farms currently
keep disbudded/dehorned animals1. In the Czech Republic, disbudding is performed in 93% of farms2. The
main purpose of disbudding is the effort to decrease the risk of injuries1. The most common method of bud
removal is hot-iron disbudding1,2 where a bud growth is prevented through tissue cauterization producing
severe burns. Hot-iron disbudding wounds take 9 weeks to heal3 and calves experience ongoing pain for 3
weeks after the procedure4. In spite of this, some kind of medication for pain relief is administered to the
animals only in a small percentage of farms (e.g., < 30% in EU)1,2.

However, even if hot-iron disbudding is performed using anaesthetic in a combination with non-steroidal anti-
in�ammantory drugs (NSAIDs), it is not possible to eliminate all negative effects on calf welfare. Disbudded
calves treated with aneasthesia and NSAIDs are in more negative affective states5, show increased cortisol
concentrations6,7 and several behavioral changes (e.g., decrease play8, resting9,10 and unrewarded visits to a
feeder10) compared to control. Therefore, animal welfare scientists should also address other approaches how
to improve welfare of disbudded calves. One promising approach is taking advantage of the effect of social
buffering11, i.e., to decrease negative effects of disbudding by housing calves with familiar conspeci�cs.

Most dairy calves are separated from mothers shortly after birth12 and housed individually until 2 months of
age13,14. However, there is an increasing interest in social housing of calves due to many positive effects on
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their development and welfare. Recent studies showed that even housing calf with one peer leads to positive
effects such as experiencing more positive affective states15 or alleviated deprivation of movement-related
behaviors16. Bolt et al. (2017) and De Paula Vieira (2010) also found that pair-housed calves cope with
weaning stress better than individually housed calves as they vocalized less17,18, had shorter latencies to start
feeding, visited the starter feeder more frequently, spent more time on the feeder and consumed more solid
feed17. However, there is no study addressing calves’ reaction to disbudding with respect to housing
conditions in spite of evidence that positive social interactions facilitate wound healing in other species19–23.
Thus, the social buffering hypothesis has yet to be tested in socially versus individually housed calves after
disbudding.

We hypothesize that feeding, ruminating, resting, exploration, self-grooming and play will decrease after
disbudding while pain-related behaviors (head rubbing, head shaking, foot stamping) will increase. In relation
to this, we hypothesize that compared to individually housed calves, pair-housed calves will cope with
disbudding better due to the effect of social buffering. Speci�cally, we predict that pair-housed calves will
have a smaller decrease in feeding, rumination, resting, exploration, self-grooming and play but smaller
increase in pain-related behaviors than individually housed calves. We also hypothesize that due to their
motivation to alleviate discomfort through social contact, pair-housed calves will show more social resting
and more allo-grooming post- than pre-disbudding.

Methods

Animals and experimental procedures
The study was carried out at the Institute of Animal Science’s experimental farm Netluky in Prague, Czech
Republic, from June 2017 to August 2018. For the trial, we used 50 Holstein Friesian female calves. Calves
were separated from their mothers within 12 hours after birth and housed individually until they entered the
study at age 8.14 ± 2.30 d (mean ± SD). Fourteen calves were kept individually and 36 calves were assigned to
pairs. Individually housed (INDI) calves were kept in standard single pens (1.4 x 2.6 m). They could have visual
and tactile contact with calves in neighboring pens. Pair-housed (PAIR) calves were housed in double-sized
pens (2.8 x 2.6 m). All pens were located in the same barn and bedded with straw. All calves had free access
to water and calf concentrate as soon as they were separated from their mothers. They were checked daily for
health and treated by a veterinarian if needed. In the �rst week of the experiment, calves were fed 7 l of milk
per day via teat-buckets. In the second week, the amount of milk was increased to 8 l per day. From the third
week onwards, calves were fed 10 l of milk per day and had free access to hay. The calves were weighed 2 d
pre-disbudding by two researchers familiar to them.

Disbudding was done when calves were approximately 8 weeks old (exactly 58.84 ± 2.01 days, mean ± SD),
mostly on Thursday. It was performed by a trained veterinarian with an assistance of two researchers familiar
to the calves. The calf was restricted in a dehorning crate in front of its home pen between 7−8 a.m. and 3 ml
of 2% lidocaine were applied subcutaneously to cornual nerve of each horn bud using 20 gauge needle. After
15 min an electric cautery iron with a 1.8 cm tip was applied to the horn bud for 15 s. Shortly after disbudding,
aluminum spray was applied to each bud to protect it against external in�uences.
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Data sampling and analysis
The calf behavior in a home-pen was recorded by camera system for 24 hours pre- and post-disbudding.
Feeding, ruminating, resting, exploration, play, self-grooming, and pain-related behaviors (head shaking, head
rubbing and foot stamping) were observed in 1 min intervals by one-zero sampling method (i.e., the behavior
being present at any time during the 1-min interval)24 during �rst 20 minutes in 1, 2, 3, 4, 6, 9, 12 and 24 h
periods pre- and post-disbudding. In PAIR calves social resting, active and passive allo-grooming were
additionally observed. The de�nitions of all behaviors are given in Table 1. The sums of values were
calculated for each behavior separately for pre-disbudding and post-disbudding period. The video clips were
assessed by a researcher who achieved high intra-observer reliability in all behaviors (r > 98%; calculated by
Pearson correlation coe�cient from 8% of the �nal data set). If there was more than 25% of missing data, calf
was not included to the statistical analysis. We also did not include the data to the analysis if there were
missing data on body weight which was used as an independent variable in the statistical model. Thus, the
�nal data set consisted of behavioral data from 10 INDI and 12 PAIR calves.

Calf concentrate intake was measured 1 d pre- and post-disbudding at around 6 p.m. The mean concentrate
intake was calculated for PAIR calves because it was not possible to monitor it individually. Therefore, we
included data for only 1 calf from each pair in the statistical analysis. The data from 1 pair were not measured
due to contamination (INDI: n= 14, PAIR: n= 17 pairs). Milk intake was measured at 3 feedings per day pre- and
post-disbudding. Almost all calves consumed all milk provided so the data were not statistically analyzed.

The changes of the behaviors after disbudding were calculated as difference between post-and pre-
disbudding behavior. The differences between INDI and PAIR calves were tested by general linear models (proc
glm in SAS). Separate models were run for each dependent variable (sum of behavior/amount of concentrate
consumed). Housing treatment (INDI/PAIR), body weight and age were included as �xed effects. General linear
models were also run to test if the behaviors and concentrate intake signi�cantly changed after disbudding,
i.e., they were compared to zero. The models contained the same variables but body weight and age values
were centred for the analysis, i.e., the average was substracted from value of each calf. If there was no
signi�cant effect of housing treatment, the variable housing treatment was removed from the model. If there
was signi�cant effect of housing, the behavior was analysed separately for INDI and PAIR calves. The
differences between the pre- and post-disbudding social behaviors in PAIR calves were tested by paired t-test
(proc univariate in SAS). Plots of predicted values against residuals and distribution histograms of residuals
were visually inspected to check the homoscedasticity and normality assumptions of all the geneal linear
models. Data were analysed in SAS.
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Table 1
The de�nition of behaviors observed in individually and pair-housed (PAIR) calves pre- and post-disbudding.

The ethogram was based on the studies cited in the table.
Behavior De�nition

Feeding Calf is taking hay or straw into the mouth followed by chewing and swallowing25

Ruminating Calf is chewing after regurgitating25

Resting Calf is lying in any resting position25

Exploration Calf is sni�ng walls or bedding26

Play Individual − object play, gallop, jump, leap, buck-kick, head-shake, turn, Social – play
�ght, mount27 (observed only in PAIR calves)

Self-grooming Calf is licking itself28

Head shaking Calf rapidly shakes its head from one side to the other28

Head rubbing Calf lifts hind leg to scratch top of head with foot or rubs head against sides of the pen29

Foot
stamping

Calf raises one foot and brings it down again immediately29

Social resting Calf is lying close to other calf30, i.e., they touch each other (observed only in PAIR
calves)

Active allo-
grooming

Calf is performing social licking (observed only in PAIR calves)

Passive allo-
grooming

Calf is receiving social licking (observed only in PAIR calves)

Results

Housing effects on the reactions to disbudding
Housing treatment had signi�cant effect on feeding behavior change between post- and pre-disbudding as
PAIR calves increased feeding post-disbudding whereas INDI calves decreased it (PAIR = 8.23, INDI = -8.08
lsmeans; F1,18 =12.27, P =0.003). INDI and PAIR calves signi�cantly did not differ in resting (F1,18 =1.70, P
=0.21), ruminating (F1,18=0.91, P=0.35), exploration (F1,18=0.16, P=0.69), play (F1,18=0.98, P=0.34), self-
grooming (F1,18=0.03, P=0.86) and pain-related behaviors (head shaking: F1,18=0.42, P=0.53; head rubbing:
F1,18=0.14, P=0.72; foot stamping: F1,18=2.22, P=0.15). There was also no signi�cant effect of housing
treatment on concentrate intake changes (F1,28=0.14, P=0.71). Heavier calves started to feed less (F1,18 =5.51,
P =0.03) than lighter calves after disbudding. The results on changes of post-disbudding behavior and
concentrate intake in individually and pair-housed calves are shown in Figure 1 and 2, respectively.

Changes in behavior after disbudding



Page 6/12

Disbudding signi�cantly increased head shaking (t=-3.33, P=0.004) and head rubbing (t=-5.14, P<0.0001).
Feeding was signi�cantly increased only in PAIR calves (t=-2.95, P=0.016). Resting (t=-1.02, P=0.32),
ruminating (t=1.60, P=0.13), exploration (t=-0.38, P=0.70), play (t=0.28, P=0.78), foot stamping (t=0.02,
P=0.98) and concentrate intake (t=-1.77, P=0.09) did not change signi�cantly after the procedure. The results
on changes of post-disbudding behavior and concentrate intake are shown in Figure 1 and 2, respectively.

Social behavior of PAIR calves did not differ between the pre- and post-disbudding periods (social resting:
t=-1.62 P=0.135; active licking: t=-0.62, P=0.55; passive licking: t=-0.69, P=0.50). The results on behavior
observed only in PAIR calves are shown in Figure 3.

Discussion
We aimed to compare the effect of individual versus pair housing on calves’ reaction to disbudding. We
hypothesized that feeding, ruminating, resting, exploration, self-grooming and play would decrease after
disbudding while pain-related behaviors (head rubbing, head shaking, foot stamping) would increase. Based
on evidence of social buffering across species, we also hypothesized that pair-housed calves would feed,
ruminate, rest, explore, groom, and play more but decrease occurrence of pain-related behaviors after
disbudding. Lastly, we hypothesized that pair-housed calves would show more social resting and allo-
grooming post- than pre-disbudding.

We found that head rubbing and head shaking signi�cantly increased in all calves after disbudding while
feeding increased only in pair-housed calves. Any other behaviors did not signi�cantly change. Our results are
similar to �ndings of some authors who studied effect of lidocaine used as the only pain mitigation in hot-iron
disbudded calves. However, studies differ in the length of observational period as well as age of disbudded
calves. Stilwell et al. (2012) found that 12 weeks old calves treated with lidocaine rubbed their head more 3
and 6 h post-disbudding than sham-disbudded calves6. Sutherland et al. (2018) found that 3 weeks old calves
treated with lidocaine did not differ from sham disbudded in feeding of milk and lying time 24 h post-
disbudding10. Mintline et al. (2013) found that 4.5 weeks old calves treated with lidocaine played less for 3 h
post-disbudding than sham-disbudding calves8. Doherty et al. (2007) did not �nd any signi�cant differences
in grooming, feeding of concentrate and head rubbing (analysed on daily basis for 72 h post-disbudding)
between 11 weeks old calves treated with lidocaine and sham-disbudded7. In general, our results on increased
head rubbing and head shaking are consistent with �ndings of other studies which con�rmed that both
behaviors are reliable indicators of pain in disbudded calves6,26,29,31. Although foot stamping is also
considered to be a validated pain-related behavior in disbudded calves32, our results do not support this
notion.

To our knowledge there is no study addressing calves’ reaction to disbudding with respect to different housing
conditions. The closest to our objective are studies Bolt et al. (2017), de Paula Vieira et al. (2010), Faerevik et
al. (2007) and Gingerich et al. (2020). Bolt et al. (2017) and De Paula Vieira (2010) found improved ability to
cope with weaning stress in pair-housed calves compared to individually housed individuals17,18. Faerevik et
al. (2007) showed that calves vocalized less, were more active and explore more when tested with a
companion calf in a separation test33. Gingerich et al. (2020) found that group-housed disbudded calves
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entered the shelter more frequently when it was not occupied and similarly left it more frequently when it was
occupied. Authors explain their results by increased preference of disbudded calves for social withdrawal9.

We found that pair-housed calves increased feeding of hay (and straw but it was observed less frequently)
compared to individually housed calves after disbudding which decreased the feeding. It is well known that
animals including cattle decrease feeding after experiencing stress34–37. Therefore, it is possible that
individually housed calves experienced higher levels of stress caused by disbudding and thus decreased
feeding. Conversly, the presence of familiar social companion probably facilitated recovery from disbudding
which resulted in increased feeding of hay in pair-housed calves. Despite the more frequent hay feeding, we
did not �nd an increased rumination or concentrate intake in pair-housed calves. Non-signi�cant changes in
ruminating (despite the increased frequency of feeding), can show that it is not obvious whether the feeding
frequency is connected to the amount of hay consumed or not.

There were either no signi�cant differences between treatments in resting, play, exploration, self-grooming, and
pain-related behaviors. The explanation might be that particularly these behaviors simply do not change
between individually and pair-housed calves in relation to disbudding. In future studies we encourage
researchers to focus on observation of those behaviors which were not included in our ethogram (e.g.,
standing). It could be also useful to assess calf behavior for a longer period than 24 h as calves experience
ongoing pain for 3 weeks following disbudding4. For example, it would be interesting to see how long the
change in feeding persists. Furthmermore, we suggest to use other methods to assess welfare of disbudded
calves (e.g., cognitive judgement bias task38).

We did not �nd any signi�cant differences in social resting, active and passive allo-grooming observed in PAIR
calves pre- and post-disbudding. It is known that positive social interactions buffer against stress and thus we
could expect they occur more frequently when animals experience stress. Our �nding did not support this
hypothesis. Furthermore, it seems to be to the contrast with results of Ede et al. (2020) who found that calves
spent more time in proximity and paid more attention to a conspeci�c in pain compared to a sham treated
calf. However, the authors also found that physical contact occurred infrequently among calves39. Gingerich et
al. (2020) found that disbudded calves left shelter more frequently when it was occupied9 and Dunlap et al.
(2020) found no evidence that �sh a�liated more closely following tail amputation although social
interactions mitigated the negative effects of the injury23. Taken together, further research is needed to
investigate what quantity and which types of social interactions are effective for social buffering.

Further research should address effect of age and type of social bond on calf reaction to disbudding. Our
calves were disbudded at age 58.84 ± 2.01 d (mean ± SD). Research on effect of social support in younger
calves would be more applicable to farm practice because farmers prefer disbudding younger calves. For
example, 63% of Czech farmers disbud calves before 4 weeks of age. The main reason may be that EU
legislation allows the disbudding of calves without the use of pain-mitigating medication until 4 weeks of
age2. Age may also affect the existence and/or strength of social buffering among paired calves as the social
bonds develop gradually in young cattle40,41. If calves would be housed with dam, a much stronger social
bond would be available for the calf than the bond to a peer in the case of pair-housing. Dam is the most
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preferred social partner during the �rst weeks of life, as she provides milk, active care and protection42,43.
Therefore, it would be worthwile to assees social buffering of maternal presence on disbudded calves.

In conclusion, calves did not change resting, ruminating, play, exploration, self-grooming and foot stamping
after disbudding. Pair and individually housed calves did not differ in how they changed resting, ruminating,
play, exploration, self-grooming, and pain-related behaviors from pre- to post-disbudding. We found no
evidence for increased social support among pair-housed calves in reaction to disbudding as the calves did
not change their social resting or mutual allo-grooming behavior from pre- to post-disbudding. However, two
pain-related behaviors (head rubbing and head shaking) increased after disbudding which supports a growing
body of evidence that both, aneasthetic as well as non-sterodial anti-in�amantory drugs, should be
administrated to calves. Feeding of hay increased in pair-housed calves after disbudding. Furthermore, it
resulted in more feeding post-disbudding in pair-housed calves compared to individually housed animals. This
�nding is �rst evidence that socially housed calves react to disbudding differently than individually housed
calves which may be the �rst indication of social buffering in disbudded dairy calves.
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Figures

Figure 1

Changes in behaviors after disbudding. Disbudding signi�cantly increased head-shaking and head-rubbing in
all calves. Feeding signi�cantly increased only in PAIR calves which resulted in a signi�cant difference
between housing treatments. The boxplots depict median, interquartile range, data range as whiskers and
outliers as circles. Blue boxes: Individually housed calves (n= 10). Hatched red boxes: Pair-housed calves (n=
12). Asterisks represent statistically signi�cant differences (** P ≤ 0.01, **** P ≤ 0.0001).
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Figure 2

Change in concentrate intake. The boxplots depict median, interquartile range, data range as whiskers and
outliers as circles. Blue boxes: Individually housed calves (n= 14). Hatched red boxes: Pair-housed calves (n=
17).

Figure 3

Change in social behaviors in pair-housed calves (n= 12). The boxplots depict median, interquartile range, data
range as whiskers and outliers as circles.


