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BOISSY, A. AND P. LE NEINDRE. Behavioral, cardiac and cortisol responses to brief peer separation and reunion in cattle.
PHYSIOL BEHAV 61(5) 693—699, 1997.—Behavioral, cardiac, and adrenal responses of heifers to short-term isolation and to
subsequent reunion with familiar or nonfamiliar conspecifics were measured. Two groups of heifers were studied according to
their different social reactivity: Aubrac heifers (n = 12) reared under suckler conditions and Friesian heifers (n = 12) reared
under dairy management. Because these two groups could also react differently to human beings, testing social isolation was
realized by removing pen mates without handling the subject. Moreover, heifers were tested in confinement to avoid an alteration
of the cardiac response to isolation by an excessive motor activity. Although physical restraint can influence the reactions, this
effect is assumed to be weak because heifers had been exposed to the experimental procedures, including confinement for 3 days
before isolation test, in addition to brief periods of physical restraint occurring regularly according to rearing practices. Results
show that social separation induced struggling and large increases in vocalization, heart rate, and plasma cortisol concentrations
in all heifers. Except for vocalization, these effects were more severe in Aubrac than in Friesian heifers. For all heifers, isolation-
induced distress was positively correlated with the duration of social contacts they engaged with the pen mates prior to separation.
Behavioral responses, i.e., struggling and vocalization, decreased when conspecifics were brought back, independently of their
familiarity to the subject. In contrast, the heart rate decline induced by the entrance of conspecifics was more pronounced in
response to reintroduction of pen mates. These findings indicate that social isolation is a severe psychological stress in cattle and
that the mere sight of conspecifics reduces behavioral distress regardless of peer identity. The isolation-induced distress depends
on the genetic and rearing backgrounds of the heifers without allowing to differentiate their respective effects. © 1997 Elsevier

Science Inc.

Cattle Social separation Reunion Heart rate

Cortisol

Attachment

SOCIAL attraction is thought to influence a number of behavioral
patterns, such as spacing and feeding behaviors or parent—off-
spring interactions in gregarious species. Social attraction is re-
vealed not only by cohesiveness of a social group but also by
responses of animals to temporary interruption of social contact.
Studies in young animals have shown that brief separation from
mother or siblings results in an increase of vocalization and in
behavioral arousal, suggesting psychological stress (18). Like-
wise, in adult animals, temporary isolation from social partners
elicits an immediate increase in behavioral and physiological
signs of arousal in rats (6,9) and monkeys (5,15,16). In domestic
chickens, the progressive removal of group members induces be-
havioral and adrenocortical changes in the remaining animals
(11).

In domestic ungulates, which are very gregarious, the pres-
ence or absence of the social group has a major impact on be-
havior. For example, fear-inducing stimuli evoke fewer behav-
ioral signs of disturbance in heifers when conspecifics are present
(4). Temporary removal of a sheep from its familiar group can
produce behavioral agitation, such as increased vocalization and

locomotion (22). Other studies on sheep have found that social
isolation induced pronounced physiological stress responses in-
cluding acceleration of the heart rate (25) and increase in plasma
cortisol levels (19). Removal of a heifer from its group was also
accompanied by an increase in plasma cortisol levels (1). How-
ever, several studies have demonstrated that handling and other
types of contact with humans can alter the behavior and physi-
ology of farm animals (2,8). Thus, some of the responses ob-
tained in the previously mentioned studies, in which the animal
was removed from its group, may be due to reactions of the
animal to handling rather than to separation per se.

To our knowledge, only one study has assessed the effect of
removal of the social group in cattle; Hopster and Blockhuis (10)
found that removal of the herd increased heart rate in Friesian
dairy cows. It can be expected that animals with different genetic
and rearing backgrounds respond differently to social isolation.
Social reactivity is under genetic control; Le Neindre ct al. (14)
found large differences in the responsiveness to separation from
familiar partners between breeds of sheep, and Mills and Faure
(17) showed that Japanese quails can be genetically selected for
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motivation to run to regain contact with conspecifics. Similarly,
prior experience was found to influence responsiveness to social
stress in primates (16).

The present study was designed to determine the behavioral,
adrenal, and cardiac responses of heifers to short-term social iso-
lation and the effect of subsequent social reunion with familiar
or nonfamiliar conspecifics without the confounding effects of
human handling or of introduction into another environment. To
validate the experimental procedure, the study was carried out on
two groups of heifers, Friesian and Aubrac breeds, that are known
to differ in stress reactivity (12,13). Friesian heifers, reared un-
der dairy management conditions, would be less reactive to a
change in their social context than Aubrac heifers, reared under
suckler conditions.

METHOD
Experimental Subjects

Twenty-four (12 Friesians and 12 Aubrac) 15-month-old
heifers were used. Until the ninth month, the Friesians were
reared according to standard dairy management procedures and
the Aubrac were reared as sucklers outdoors. Afterward, the heif-
ers of each breed were kept separately at pasture. They were
familiarized with human handling for weight recording and
health treatments. Twelve days prior to the start of the experi-
ment, each group was divided into two subgroups of six animals,
and each subgroup was housed in 230-m? free-stall pens. The
different breeds were housed in nonadjacent pens, thus avoiding
physical contact between breeds. The animals were fed daily at
07:00 h ad libitum hay and 1 kg concentrate pellets per animal
per day.

Experimental Set Up

The testing area was constructed indoors and consisted of a
bail crush, the front of which was connected to a triangular test
arena (test room), constructed with 2.20-m-high wooden panels,
with an entrance door that could be remotely controlled (Fig. 1).
A corridor 4 m long, leading from the test room to the bail crush,
allowed the introduction of an animal into the crush with a min-
imum of handling. The crush was set on a double base, the top
of which could move backward and forward (5 cm maximum).
Pressure variations in a ball inserted beneath the two parts of the
base were sent out as 0.5-mV signals to a microcomputer to mea-
sure the overall activity of the animal.

Starting 12 days prior to the commencement of the experi-
ment, for 6 days, the animals of each subgroup were moved to-
gether through a 35-m corridor to the testing area on a daily basis.
Upon arrival in the test room, each animal was moved through
the corridor to the bail crush; subsequently, the subgroup was led
back to the home pen. During the following 6 days, the same
procedure was followed, but this time each member of the sub-
group was maintained for 5 min in the bail crush while its five
pen mates were present in the test room.

The experiment was subsequently conducted in the testing
area over a period of 5 consecutive days, with one session per
day. Prior to each session, the subject and its five pen mates were
taken out of their home pen and moved together to the test room
as previously described. The subject was then conducted through
the corridor into the bail crush, where it was maintained for the
duration of the session (25 min). The subject could maintain
visual contact with its conspecifics, which could establish phys-
ical contact (sniffing and licking) with it. After the session, the
whole of the subgroup was removed and replaced by another
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FIG. 1. Experimental set up used to study the effect of social separation
in heifers.

subgroup. The testing area was pressure washed after each ses-
sion of a subgroup. During the first three sessions, the animals
were habituated to experimental procedures (habituation ses-
sions). The effects of isolation and social regroupment were
studied during the last two sessions (fest sessions). The experi-
ment was balanced for time of day. Sessions started as soon as
the subject was confined in the bail crush.

Habituation sessions. For each of the three sessions, 8 min
after the start of the session, the door was automatically opened,
and a human entered the test room and moved in a circular way
through the room for 15 s, thus inducing a movement of the pen
mates, before going out. The procedure was repeated 8 min later,
i.e., 16 min after the start of the session.

Test sessions. Eight minutes after the start of the session, the
same human entered the test room and moved around as previ-
ously described. However, he went out while taking away the
pen mates. Sixteen minutes after the start of the session, the hu-
man reentered the test room with either the five pen mates or five
heifers of the other breed that were not familiar to the subject.
For each breed, half of the subjects were joined by their pen
mates at the first test session (Session 4) and then were exposed
to the unknown heifers at the second test session (Session 5).
The other half of the subjects were subjected to the two proce-
dures in the reverse order.

Behavioral Measurements

An experimenter observed the subject from an observation
platform overlooking the testing area through a one-way glass
screen. In addition to the overall activity being automatically re-
corded (see Experimental Set Up), specific behavioral categories
were recorded directly in coded form with a portable data col-
lection apparatus (Datamyte 1006, EMC, USA). The following
patterns were recorded: (a) the contacts with peers (sniffing and
licking) when peers were present, (b) the vocalizations, and (c)
the struggling reactions: straining back, backward and forward
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TABLE 1

BEHAVIORAL AND PHYSIOLOGICAL MEASUREMENTS IN FRIESIAN AND AUBRAC HEIFERS PERFORMED DURING FAMILIARISATION TO
RESTRAINT IN PRESENCE OF PEN-MATES

Habituation Sessions

Experimental Groups: Friesian (n = 12) vs. Aubrac (n = 12)

Session 1 Session 2 Session 3
Friesian Aubrac Friesian Aubrac Friesian Aubrac
Struggling:
Frequencies (n) 22 (1-4) 2.6 (1-7) 1.5 (0-4) 1.7 (0-6) 0.4 (0-3) 0.9 (0-5)
Duration (sec.) 4 (3-14) 6 (2-13) 2 (0-9) 3 (0-12) 1 (0-5) 1 (0-8)
Overall activity (signals/min.) 1.0+ 0.6 * 1.7 1.0 04 = 0.3* 15+ 09 04 x 02 05+ 02
Vocalization 0.1 (0-2) 0.6 (0-3) 0 0.2 (0-2) 0 0.1 (0-1)
Mean heart rate (beats/min.) 82 =12* 88 =+ 14 78  * 10* 8 =13 17 E1o* 83 =11
Cortisol (ng/ml)
Initial value T.3* 17.4 6.5* 15.0 6.3*% 16.1
(2.1-152) (9.5-28.1) (3.5-14.5) (4.1-354) (1.9-19.8) (4.9-39.5)
Final value—initial value 6.2* 11.3 2.9 4.5 2.4 2.3
(2.6-18.5) (5.9-27.6) (0.8-13.5) (1.6-18.9) (0.1-16.7) (1.9-15.2)

Values are means * SE for parametric statistics and are medians (inter-quartile ranges) for non-parametric statistics. * p < 0.05.

movements, paddling with the back feet, kicking, kneeling, and
jumping. Total frequency and time spent in the latter behaviors
have been used as an overall measurement of struggling reac-
tions. ‘

Heart Rate Recording

Heart rate was recorded at 15-s intervals in beats per minute
(bpm) by using a noninvasive directly attached monitor (Cardio-
line Epsilon, Electronica Trentina S.P.A.). Four surface elec-
trodes were fixed on the back of the subject and connected to the
electrocardiograph. Fixing the four electrodes took about 5 s.
Heart rate was recorded throughout the session, and mean values
per minute were calculated for each individual. Heart rate values
during pretest—rest periods were used as a baseline and sub-
tracted from isolation-induced values to obtain cardiac change
scores. Previous experimentation on cattle have suggested that,
in a crush, heart rate values decrease during the first 5 min after
handling and remain stable thereafter (27).

Blood Sampling and Plasma Cortisol Assay

Blood samples (5 mL) were taken during all of the habitua-
tion and test sessions by caudal venepuncture using heparinized
tubes (250 TU). The first sample was collected immediately after
placing the subject in the bail crush and the second one at the
end of the session; the average duration of sampling was 38 s.
The heifers generally stood quietly during sampling. The blood
was immediately centrifuged for 10 min at 2000 rpm; and the
plasma was removed and frozen at —20°C until assay. Plasma
cortisol concentrations were determined using a radioimmuno-
assay without extraction (3). Briefly, to prevent any interference
of endogenous Transcortin, the assay was performed at pH 3.
The antiserum was obtained in rabbit after immunization with 3-
CMO-cortisol bound to bovine serum albumin (Steraloids, Wil-
ton, NH, USA) and has shown 70% cross-reactivity with corti-
sone and less than 1% cross-reactivity with the other steroids.
The intra-assay coefficient of variation was 5.1% for 20 ng ml~"'.

Statistical Analyses

Statistical analyses were carried out with the SAS statistical
package (23). Changes in heart rate values and overall activity
and the interaction between time effects and groups were tested
using analysis of variance. Because the data were not normally
distributed, nonparametrical statistics were used to study behav-
ioral reactivity and cortisol levels. The effects of separation and
regrouping were analyzed using Wilcoxon’s matched-pairs
signed-ranks test; the effects of group were assessed by using the
Mann-Whitney U-test, and data are expressed as medians with
interquartile ranges. To study the consistency of reactions across
both test sessions, correlation coefficients were calculated be-
tween sessions for each behavior: Spearman’s rank correlation r;
for behavioral patterns and cortisol levels and Pearson’s corre-
lation (7) for the overall activity and cardiac reactions. A corre-
lation matrix r; was generated to study relationships between the
different variables. Probabilities reported below are for two-tailed
statistical analyses.

RESULTS
Habituation Sessions

Within each habituation session, group differences in mean
heart rate and mean overall activity over the whole test duration
were significant, except for the overall activity during Session 3
(Table 1). Aubrac had higher levels of heart rate than Friesians
for each of the three sessions, Session 1: F(1, 22) = 8.4, p <
0.05; Session 2: F(1,22) = 7.5, p < 0.05; and Session 3: F(1,
22) =12.3, p < 0.05. Overall, a significant decline was detected
from Session 1 to Session 3 in heart rate (slope: —4.2 bpm/ses-
sion). During the first two sessions, the mean overall activity
was higher in Aubrac than in Friesian cattle, F (1, 22) = 54, p
< 0.05,and F(1,22) = 4.2, p < 0.05, respectively. The overall
activity of the heifers during the third session was very low and
did not differ significantly between groups (Table 1). A signif-
icant decline was detected from Session 1 to Session 3 in overall
activity (slope: —7.2 bpm/session).

During the three sessions, Aubrac heifers had higher initial
cortisol levels than did Friesian heifers. For both groups, median
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levels of cortisol were lower at the end of Session 3 than at the
end of Session 1 (U = 42, p < 0.05). For the other behaviors
recorded (struggling reactions and vocalization), the amounts
were very low and there were no differences between groups of
heifers.

Test Sessions

Correlations between both test sessions. Before the separa-
tion, the duration of social contact with the pen mates was sig-
nificantly correlated between both test sessions (r/cf15]s =
0.58, p < 0.01). The frequency and duration of separation-in-
duced struggling were correlated between sessions (7/cf15]s =
0.46 and 0.38, p < 0.05, respectively). Likewise, the frequency
of vocalization was correlated between sessions (r/cf15]s =
0.69, p < 0.01). The initial cortisol levels were correlated be-
tween sessions (r/cf15]s = 0.41, p < 0.05); likewise, the cor-
tisol levels recorded after isolation were correlated between the
two sessions (r/cf15]s = 0.48, p < 0.05). Finally, initial heart
rate (mean over the seventh minute of the first period) and car-
diac responses to separation (mean over the isolation period)
were correlated between sessions (r = 0.57, p < 0.01 and » =
0.48, p < 0.05, respectively). Because these patterns are consis-
tent across sessions, individual values for each of these measures
from both sessions were averaged for the following analysis.

Effects of handling. Before removing pen mates, Aubrac heif-
ers had higher median levels of cortisol than did Friesians (Table
2). Similarly, initial heart rate (mean heart rate over the seventh
minute) was higher in Aubrac (81 * 12 bpm) than in Friesian
(74 = 6 bpm) heifers, F(1, 22) = 8.6, p < 0.05 (Fig. 2). There
were no differences in the duration of social contact with pen
mates between Aubrac and Friesian heifers (respective medians
= 192 and 281 s; ranges = 110—-252 and 121-311s; U = 53.5).
Likewise, Aubrac and Friesian heifers did not differ in overall
activity (0.5 = 0.2 vs. 0.7 = 0.3, respectively), F(1,22) = 0.8,
or in vocalization (respective medians = 0.1 and 0.2 s; ranges =
0-1and 0-3s; U = 65).

Effects of separation. In general, heifers showed very strong
behavioral reactions to social separation. The duration of strug-
gling represented 41.1% of the total duration of the isolation
period, and the overall activity was about 10 times higher than

TABLE 2

BEHAVIORAL AND ENDOCRINE REACTIONS IN FRIESIAN AND
AUBRAC HEIFERS PERFORMED DURING BRIEF PERIODS
OF ISOLATION

Experimental Groups

Friesian (n = 12) Aubrac (n = 12)

Struggling:
Frequencies (n) 3.2 (1-5)** 6.3 (3-14)
Total duration (sec.) 118 (31-214)* 226 (104-345)
Overall activity (signals/min.) 20.4 * 12.6* 33.7 %252
Vocalizations (n) 20.3 (4-51) 12.7 (8-33)

Plasma cortisol (ng/ml):
Initial values
Final value—initial value

8.7 (2.8—18.5)% 132 (6.9-27.5)
18.9 (9.6-37.5)** 39.6 (16.5-54.1)

Values are means * SE for parametric statistics and are medians (inter-
quartile ranges) for non-parametric statistics. Individual values for each
of these measurements recorded in two sessions were averaged. * p <
0.05, ** p < 0.01.
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FIG. 2. Mean (*+SE) heart rate of Friesian (dark gray) and Aubrac (pale
gray) heifers tested during brief periods of isolation and in presence of
social partners (n = 12 for each type of animal). Initial heart rate was
used as a covariate for analysis of the isolation effect; heart rate at the
end of isolation period was used as a covariate for analysis of the re-
groupment effect ("p < 0.05, ~“p < 0.01).

the values recorded before the separation (27.2 + 21.4 vs. 2.1 +
1.7, respectively), F(1, 22) = 19.83, p < 0.001. The frequency
of vocalization increased dramatically (before separation vs. dur-
ing isolation; respective medians = 1.8 and 18.2 s; ranges = 1.1—
3.2and 9-31s; U = 27.5; p < 0.01). The increase in struggling
and in overall activity depended on experimental groups (Table
2). Compared to Friesians, Aubrac heifers struggled more fre-
quently (U = 29.5, p < 0.01) and longer (U = 35, p < 0.05)
and showed higher overall activity (U = 33.5, p < 0.05). How-
ever, no significant differences were found in vocalization be-
tween the two groups of heifers (Table 2). The increase in
plasma cortisol concentrations was significant compared with the
initial level (respective medians = 38.1 and 11.0 ng ml~'; ranges
= 23-55 and 5-19 ng ml™!; U = 27.5, p < 0.01), and this
increase was more pronounced in Aubrac than in Friesian heifers
(U = 32, p < 0.05; Table 2). Likewise, heart rate as compared
with the inital heart rate increased significantly during the iso-
lation period, F(1, 22) = 8.23, p < 0.01). Mecan changes in
heart rate depended on experimental groups (Fig. 2). Although
the increase in heart rate during the first 3 min did not differ
significantly between groups, Aubrac heifers showed a signifi-
cantly lower decrease in heart rate compared with Friesian from
the fifth minute to the end of the isolation period, F(1, 21) =
14.22, p < 0.01).

In both groups, the duration of social contacts with the pen
mates before the separation was significantly correlated with the
duration of struggling (»/cf15]s = 0.38, p < 0.05) and the over-
all activity recorded during the isolation period (r/cf15]s =
0.34, p < 0.05). Struggling and overall activity were also sig-
nificantly correlated with the isolation-induced increase in cor-
tisol levels (r/cf15]s = 0.44 and r[cf15]s = 0.45, p < 0.01,
respectively). Finally, during the isolation period, cardiac reac-
tions were not significantly correlated with the struggling reac-
tions (7/¢f15]s = 0.18) or with the overall activity (» = 0.21).

Effects of regroupment. In response to the regroupment, sub-
jects showed a marked decline in isolation-induced reactions:
they struggled less (isolation vs. regroupment: respective medi-
ans = 169.4 and 2.9 s, ranges = 31-345 and 0—11s; U = 23.5,
p < 0.001), they stopped vocalizing (isolation vs. regroupment:
respective medians = 18.5 and 0.2 s, ranges = 4-51 and 0-3 s;
U =29, p <0.001), and their overall activity strongly decreased
(isolation vs. regroupment: 27.0 = 19.8 vs. 2.0 * 1.3, respec-
tively), F(1, 22) = 19.6, p < 0.01. Likewise, compared with
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the mean heart rate at the seventh minute of isolation (90 * 14
bpm), heart rate was decreased by introducing peers (mean over
the whole period of regroupment: 75 = 11 bpm), F(1, 22) =
16.6, p < 0.01.

The decreases in struggling (frequency and duration ), overall
activity, and vocalization were independent of the level of fa-
miliarity of reintroduced animals, i.e., pen mates or unknown
heifers (Table 3). In the same way, no significant variations in
duration of contact with peers were recorded in relation with the
level of familiarity of the peers. In contrast, the effect of regroup-
ment on heart rate depended on the level of familiarity of the
peers: the heart rate decline induced by reintroducing pen mates
(73 = 12 bpm) was significantly more pronounced than the de-
cline following the introduction of unknown peers (80 + 14
bpm), F(1,21) = 7.6, p < 0.05.

Differences in heart rate decline between Friesian and Aubrac
heifers were never significant, whether during regroupment with
pen mates, F(1,21) = 2.4, or during regroupment with unknown
peers, F(1, 21) = 1.1) (Table 3). Similarly, the durations of
social contacts were not different between the experimental
groups, regardless the level of familiarity of peers (Table 3).

In both groups, the heifers that interacted the most with their
pen mates were also those that interacted the most with the un-
known peers, as shown by the significant correlation between
duration of social contacts recorded in the both sessions
(r[cfl5]s = 0.46, p < 0.05). The durations of social contacts
recorded before and then after the separation were also signifi-
cantly correlated (r/cf15]s = 0.54, p < 0.01).

DISCUSSION

Social separation produced significant increases in both be-
havioral and physiological measures, indicating that social dep-
rivation is a very effective psychological stress in cattle. These
results are in accordance with previous work in cattle (1,29) and
sheep (19,25). Although these studies were carried out by re-
moving the subject, the present work studied social separation
by removing the subject’s peers without handling the subject. As
a consequence, this method should assess the effects of isolation
per se without having the effects be confounded by the reaction
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of the animals to handling procedures and environmental
changes.

Despite marked effects in all heifers, the cortisol increase
and the behavioral arousal in reaction to isolation were more
pronounced in the Aubrac than in the Friesian heifers. In ad-
dition, heart rate was only temporarily increased in Friesian
heifers, whereas it remained significantly elevated until to the
end of the isolation period in Aubrac heifers. These results
confirm our initial hypothesis that Aubrac heifers are more
reactive than Friesian ones to brief social separation. These
differences are most likely to be related to both breed and
management practices. Social behavior has been found to be
influenced by breed: Friesians are socially less dependent than
Salers, a hardy beef breed similar to the Aubrac (12,13). Man-
agement practices can emphasize such a difference; in contrast
to standard dairy management, a veal reared as suckler estab-
lishes maternal bonds and strong attachment with peers once
weaned. In addition, Friesian heifers were more habituated to
handling than were the Aubrac, which would make this breed
more stressed by contact with human beings, in spite of the
familiarization to experimental procedures engaged prior iso-
lation test. The objective of the present experiment was de-
signed to study the impact of a brief social isolation in cattle
regardless of the respective influences of genetic and experi-
ential components. Further studies using a balanced design
with two breeds and two types of rearing conditions are
needed to assess the influences of genetic and experience and
of their interaction on the social motivation in cattle.

Results show that heart rate during habituation sessions and
prior separation was always higher in Aubrac heifers than in
Friesian ones. In cattle (4) and sheep (24), the evolution of
heart rate depends on the initial psychophysiological state of
animals and their physical activity. According to the psycho-
physiological state, the higher level of the heart rate in Aubrac
heifers might reflect an initial level of stress rather than a rest-
ing state due to the confinement imposed by the experimental
procedures. Thus, despite the management practices for all
heifers that had imposed regularly brief periods of physical
restraint, the stress could have been a combination of isolation
and confinement at least for a part of the animals. Such a hy-

TABLE 3

BEHAVIORAL AND PHYSIOLOGICAL REACTIONS IN FRIESIAN AND AUBRAC HEIFERS TESTED IN PRESENCE OF
PEN-MATES OR UNKNOWN CONSPECIFICS FOLLOWING A PERIOD OF ISOLATION

Experimental Groups

Friesian (n = 12)

Aubrac (n = 12)

With Pen-mates

With Unfamiliar Peers

With Pen-mates With Unfamiliar Peers

Struggling:
Frequencies (n) 0.1 (0-2) 0.2 (0-4) 0.2 (0-3) 0.3 (1-3)
Total duration (sec.) 2 (0-5) 2 (0-8) 4 (0-11) 6 (3-10)
Overall activity (signals/min.) 14 12 20x 12 1.9% 12 27x 21
Vocalizations (n) 0.2 (0-2) 0.1 (0-1) 0.2 (0-3) 0.2 (0-2)
Social contacts (sec.) 213 (42-489) 236 (53-561) 254 (74-496) 267 (114-394)
Heart rate (beats/min.):
Initial levels (isolation) 83 +11® 81 = 10® 102 = 18® 101+ 19®
First 3 min of regroupment 70 = 13® 76 * 16® 82 =+ 1209 89 = 13@
Last 3 min of regroupment 67 = 10® 71+ 1469 76+ 10% 82 120

Values are means = SE for parametric statistics and are medians (inter-quartile ranges) for non-parametric statistics. Within
rows, “>¥ values with different superscripts are significantly different at p < 0.05.
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pothetical initial level of stress could partly explain why the
elevations in heart rate induced by isolation did not differ be-
tween the experimental groups. Indeed, this observation could
be due to physiological limits in cardiac activity that are
reached more rapidly by Aubrac heifers because they should
have already been stressed by confinement procedures before
being isolated. The differences between breeds might have
been more marked if the subjects had not been restrained.
However, Hopster and Blockhuis (10) showed that heart rate
arousal reflects the locomotor activity more than a stress re-
action per se when isolated cows are free to move. In contrast,
the lack of correlation between heart rate and overall activity
in the present study indicates that an emotional cardiac re-
sponse to the isolation may have occurred independently of
physical effects. Therefore, by testing an animal in confine-
ment to avoid alteration of the cardiac response of emotional
stress by excessive locomotor activity, a physical restraint-
induced stress is likely to have interfered in the present study
with the isolation stress. Nevertheless, results show that such
a combination of isolation and physical restraint may be valid
to measure in cattle an individual level of social attachment.
Likewise, Mal et al. (15) found that mares are more affected
by social isolation and confinement than by confinement
alone.

Although the initiation of licking and sniffing seems to de-
pend on the surrounding peers, because the subject was re-
strained, there was a strong correlation between test sessions
in duration of social contacts despite the fact that the peers
might change for the subject. This stable measure can thus
estimate a level of social attractivity. Morcover, the present
analysis revealed the relevance of such a measure for predict-
ing susceptibility to isolation stress: the duration of social con-
tacts that the subject stimulated prior the separation was pos-
itively correlated with the importance of its subsequent
isolation-induced distress.

BOISSY AND LE NEINDRE

After reintroduction of conspecifics, all of the separated heif-
ers exhibited declining levels of behavioral and cardiac arousal.
Other experiments in ungulates have shown that the presence of
social companions or the image of a conspecific may reduce iso-
lation-induced stress in cattle (4,28), sheep (19,26), and alpacas
(20). The fact that the mere presence of heifers is sufficient to
prevent struggling and vocalization, regardless of peer identity,
shows that a nonspecific attachment can develop between indi-
viduals and their peers. However, the decline in heart rate is more
marked after the regroupment with pen mates than after the in-
troduction of unfamiliar peers. Porter et al. (21) showed that,
despite the effect of a social partner per se in reducing distress
bleats after maternal separation, lambs nonetheless bleat less
when paired with familiar peers than with unfamiliar age-
matched conspecifics. The present data indicate that heart rate
may be a suitable parameter for investigating the ability of cattle
to individually recognize conspecifics and thus to discriminate
between individual and social recognition (7).

In conclusion, social deprivation is a severe psychological
stress in cattle. Not only the Aubrac heifers, known to be socially
dependent, reacted to the separation but also Friesians, which are
really less attached to the social group. In addition, the mere sight
of conspecifics reduces behavioral distress regardless of peer
identity when the calming effect of the regroupment on the car-
diac arousal is more effective with the familiar conspecifics. De-
spite the combination of isolation and restraint, this experimental
paradigm provides a useful model for investigating the psycho-
biological bases of social attachment.
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