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Social Attachment in Giraffe:
Response to Social Separation
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Attachment relationships between animals are often studied by separating a pair
of individuals and recording their subsequent behavior. Studies of non-human
primates have shown that separation results in changes that are indicative of
both psychological and physiological stress. Similar results have been found in
several non-primate species with differing social structures. This study exam-
ined the behavior of two female giraffe at Zoo Atlanta after the removal of the
resident male. Data were collected on the giraffe before and after separation,
using an instantaneous scan sampling technique to record levels of activity, so-
cial behaviors, solitary behaviors, proximity, and habitat utilization. After the
removal of the resident male, both giraffe exhibited increased levels of activity,
stereotypical behavior, contact behavior (particularly neck-rubbing), and decreased
habitat utilization. These results are similar to those found in earlier primate
separation studies, supporting the hypothesis that complex social structure is not
necessary for the formation of social attachments. Because social separation is
often accompanied by behavioral and physiological indications of stress, an un-
derstanding of the variables involved in a species’ response to separation is vital
to the promotion of the psychological and physical well-being of captive ani-
mals. Zoo Biol 19:41-51,2000.  © 2000 Wiley-Liss, Inc.
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INTRODUCTION

One of the most common ways to measure the nature and strength of the level
of attachment between two animals is to separate the animals and examine their
behavior. Social separation is operationally defined as “the restriction of access to an
individual (or individuals) with whom a subject had previously established a social
relationship, however loosely defined” [Mineka and Suomi, 1978]. The majority of
studies examining the behavioral effect of social separation involved the use of non-

*Correspondence to: Loraine R. Tarou, TECHIab, Zoo Atlanta, 800 Cherokee Ave. SE, Atlanta, GA
30315. E-mail: ltarou@mindspring.com

Received for publication March 27, 1999; Accepted February 4, 2000.

© 2000 Wiley-Liss, Inc.




42 Tarou et al.

human primate mother/infant pairs as subjects [Kaplan, 1970: Preston et al., 1970;
Bloomsmith et al., 1988; Hoff et al., 1994]. Like human infants and young children
[Spitz, 1946; Bowlby, 1960], non-human primate infants separated from their moth-
ers exhibit a biphasic change in behavior [Mineka and Suomi, 1978]. The first change
in behavior after separation is protest, characterized by an increase in vocalization,
locomotion, and stereotypical behavior, as well as contact and clinging if the animal
is housed with peers during separation. This phase is generally followed by despair,
characterized by a decrease in vocalization and locomotion and an increase in self-
directed behavior [Seay et al., 1962; Mineka and Suomi, 1978].

Similar behavioral responses have been found in individuals after separations be-
tween non-related primate infants [Snyder et al., 1984; Boccia et al., 1991], preadoles-
cents and infants [Maple et al., 1975], juveniles [Erwin et al., 1971; McKinney et al.,
1972; Bard and Nadler, 1983], and even adults [Suomi et al., 1975]. Not only have
researchers observed behavioral indices of psychological stress, but they have also ob-
served physiological indications, including changes in heart rate, body temperature, car-
diac arrythmias, sleep patterns, latency of rapid eye movement sleep, eating patterns, and
cellular immune response [for review, see Reite and Capitanio, 1985].

Recent studies with other species suggest that complex social structure may
not be a prerequisite for the formation of social attachments. Brief periods of social
separation were associated with increases in activity level, stereotypical behavior,
and frequency of vocalization in coalitions of male cheetahs [Ruiz-Miranda et al.,
1998]. Physiological and behavioral effects of separation and isolation have also
been documented in heifers [Boissy and le Neindre, 1997], mares [Mal et al., 1991],
sheep [Poindron et al., 1997], and chicks [Jones and Williams, 1992]. Because of the
similarity in response to separation across different species of animals, it has been
suggested that attachment is a near-universal phenomenon [Petrovich and Gewirtz,
1985]. However, the current data on which this suggestion is based are limited to
only a few species studied in laboratory or farm settings. This is not surprising given
that the events that cause involuntary separation in the wild are infrequent and in
most cases difficult to predict, making the effect of social separation on behavior
difficult to study systematically. The zoo environment is particularly well suited for
this type of research for several reasons: animals are moved between zoos for breed-
ing purposes, social group composition is sometimes manipulated within a zoo, ani-
mals in zoos are available for behavioral observation both before and after separation,
and the nature of the zoo management process allows researchers to have prior knowl-
edge of these manipulations.

In November 1998, researchers at Zoo Atlanta were presented with the oppor-
tunity to examine the behavioral response of two female giraffe (Giraffa camelopar-
dalis tippelskirchi) to the removal of an adult male from their social group. Early
data from the wild suggested that giraffe were not highly social animals. According
to Dagg and Foster [1976], giraffe form loose associations or herds, but few seem to
form lasting attachments. In fact, mothers were observed more than 2 km from their
calves for as long as 2 days with no apparent behavioral indications of stress. How-
ever, more recent data from both wild and captive environments suggest that not
only is the mother-calf relationship stronger than previously observed [Kok, 1982;
Horwich et al., 1983], but so is the relationship between adult animals, particularly
female giraffe. Pratt and Anderson [1982] reported that individual giraffe were ob-
served in the presence of the same one to four individuals in 70% of their sightings.
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The purpose of this study was to examine the behavior of two female giraffe
before and after the departure of the male from their social group. If attachment
is a universal phenomenon as suggested by Petrovich and Gewirtz [1985], the
giraffe in this study should exhibit behavioral indications of stress after the re-
moval of the resident male.

METHODS
Subjects

Subjects were two unrelated female giraffe, Betunia, born 9/83, and Kamili,
born 7/88, housed together with a male giraffe in a mixed species exhibit at Zoo
Atlanta for approximately 9 years. Both giraffe were in estrus for a portion of the
baseline but none of the post-separation phase. The 6,131 m” outdoor exhibit housed
the giraffe from approximately 0930 to 1700 hours, and they spent the remainder of
their time in separate but adjacent indoor stalls. All three giraffe had visual, auditory,
and olfactory access to each other indoors before separation. Separation occurred
based on a breeding recommendation from the ISIS/North American Giraffe Stud-
book Keeper. Throughout the study, the giraffe were fed alfalfa both on exhibit and
in their indoor holding areas.

Procedure

Data were collected before and after the removal of the male giraffe from the
group. An instantaneous scan sampling technique with 30-second inter-sample inter-
vals [Martin and Bateson, 1986] was used to record the frequency of posture, behav-
ior, and proximity of the females in both conditions. All-occurrence data were also
collected on agonistic and affiliative behaviors because these behaviors are often
short in duration and thus may be under-estimated by instantaneous sampling
[Altmann, 1974]. The exhibit was divided into three spaces roughly equal in area,
and the location of each giraffe was recorded on each scan. Area 1 was located in the
front of the exhibit, close to observers. Area 2 was closest to the indoor stalls, far-
thest from public viewing. Area 3 was located on the side of the exhibit nearest the
public viewing area and contained the elevated feeders. Morning sessions were con-
ducted between 1030 and 1200, and afternoon sessions were conducted between 1430
and 1600. Each session was 30 minutes in length and two consecutive sessions were
conducted when feasible. Data were not collected on days when the giraffe were
kept indoors because of adverse weather conditions or changes made to the exhibit.
All observers were tested and found have an inter-observer reliability (R) of at least
0.94 [Martin and Bateson, 1986].

A total of 7.5 hours of morning and 9.5 hours of afternoon baseline data were
collected. The post-separation period was interrupted on two occasions, once for
exhibit renovation and once for inclement weather. Therefore, post-separation data
were divided into three different phases. The first phase consisted of data taken dur-
ing the 2 days immediately after separation of the resident male from the two fe-
males (2 hours per time period). Data represented in phase 2 were collected for 3
days after 3 days of renovation in the exhibit during which the giraffe did not have
access to the exhibit area (3 hours per time period). Phase 3 occurred after rain kept
the giraffe from going out onto exhibit for several days, 10 days after separation (3
hours per time period).




44 Tarou et al.

Statistical Analysis

Data were separated into four groups based on time of day (morning and after-
noon) and giraffe. Confidence intervals were computed based on the mean and stan-
dard deviation from each baseline behavioral category for each subject [Bard and
Nadler, 1983]. The proportion of scans in which each behavior was observed in the
experimental phase was compared with baseline data for each subject. To compen-
sate for computing multiple intervals, 99% confidence intervals were used to pro-
vide a small probability of type I error. Results from experimental data that fell outside
the intervals were considered to be statistically significant. All data are reported as
the proportion of scans followed by the confidence interval.

RESULTS

In a comparison of pre- with post-separation behavior, few behavioral differ-
ences were observed in the morning sessions. In separation phase 1, standing de-
creased (0.72, 0.75 < X < 0.94) and walking increased (0.28, 0.06 < X < 0.21)
significantly relative to baseline for Kamili. These behaviors were not, however, sig-
nificantly different from baseline levels in phases 2 and 3 nor were they significantly
different for Betunia. All-occurrence data showed more neck-rubbing (defined as
subject rubbing or entwining neck with another animal) between the female giraffe
in both phases 1 and 2 than in the baseline observations (0.75, 1.17, -=0.10 < X <
0.22; Fig. 1). Kamili also exhibited object-oriented behavior (specifically the repeti-
tive licking of non-food objects such as fencing or rocks) in all three post-separation
phases (0.02, 0.01, 0.01); this behavior was never seen in baseline. Betunia showed
significantly higher levels of this object-oriented behavior only in phase 3 (0.34,
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Fig. 1. Mean frequency of neck-rubbing behavior as a function of time of day in each experimental phase.
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0.043 <X < 0.30). Use of exhibit space also changed very little during the moming
sessions (Fig. 2). In separation phase 1, Kamili spent a significantly smaller propor-
tion of scans in area 1 than during baseline (0.05, 0.15 < X < 0.52). In phase 2,
Kamili greatly increased the proportion of scans in which she was in area 3 (0.53,
0.11 <X <0.39), and her time spent in area 1 was below baseline (0.08, 0.15 <X <
0.52). Betunia showed no significant changes in exhibit use in the morning sessions.
Changes in behavior were more pronounced in afternoon than in morning ses-
sions. The time the giraffe spent in contact with each other was significantly higher
than baseline in phases 1 and 2 (Fig. 3; 0.04, 0.01, —0.002 < X < 0.005). Proximity
levels (defined as subject being within one body length of another subject), however,
were lower than baseline in phase 3 (0.08, 0.09 < X < 0.23), though contact was still
above baseline (0.01, —0.002 < X < 0.005). All-occurrence data indicated an increase
in neck-rubbing over baseline in all post-separation phases (Fig. 1; 2.25, 1.67, 0.67,
-0.09 <X <0.20). For Kamili, feeding/rumination occurred less often than in baseline
(0.36, 0.39 < X < 0.67) and pacing (defined as repetitive locomotion about exhibit in
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Fig. 2. Mean proportion of scans the giraffe spent in each location as a function of phase. Top left
and right: Mean proportion of scans Betunia and Kamili spent in each location during morning obser-
vations respectively. Bottom left and right: Mean proportion of scans each giraffe spent in each loca-
tion during afternoon observations.
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Fig. 3. Mean proportion of scans the female giraffe spent in proximity and contact with each other as
a function of observation phase.

a set pattern) increased from 0 to 24% (Fig. 4, top) in phase 1 and 30% in phase 2.
No pacing was observed in phase 3. For Betunia, the number of scans spent walking
was lower than baseline levels in all separation phases (0.09, 0.12, 0.10, 0.19 <X <
0.46). Additionally, Betunia’s object-oriented behavior was higher than baseline in
phases 2 and 3 (Fig. 4, bottom; 0.32, 0.33, 0.006 < X < 0.20). Betunia’s object-
oriented behavior doubled from 0.09 to 0.18 from baseline to phase 1, as well; how-
ever, this approached but did not reach significance. In general, habitat use was less
balanced during the afternoon sessions (Fig. 2). The number of scans in which the
giraffe were in area 1 was significantly lower than baseline in phase 1 (K: 0, 0.02 <
X < 0.18; B: 0, 0.03 < X < 0.11). Habitat use in phase 2 was equivalent to that
observed in the for both giraffe, and in phase 3 Betunia increased the proportion of
scans in which she was in area 2 (0.93, 0.74 < X < 0.88) and decreased the number
of scans she spent in area 3 (0.04, 0.06 <X <0.18).

DISCUSSION

This study sought to examine the behavior of two female giraffe after the re-
moval of the resident male from their group. Both giraffe exhibited significantly
increased levels of activity, stereotypical behavior, and contact behavior as well as
significant changes in habitat utilization after separation. In previous studies of at-
tachment in primates, separation resulted in protest followed by despair. Elements of
protest, namely increases in locomotion and stereotypical behavior, were noticeable
in both female giraffe after the removal of the resident male. There was no behav-
ioral indication of despair in this study. However, despair was not observed in all
primate separation studies, including those in which individuals exhibited many of
the classic elements of protest [Mineka and Suomi, 1978; Bard and Nadler, 1983]
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Fig. 4. Mean proportion of scans each giraffe spent performing stereotypical behavior after removal of
the resident male. Top: Mean proportion of scans Kamili spent pacing, walking or standing as a func-
tion of phase. Bottom: Mean proportion of scans Betunia spent performing object-oriented behavior as
a function of phase.

and was not reported in other studies of non-primate species [Boissy and le Neindre,
1997, Ruiz-Miranda et al., 1998]. The similarity of these behavioral changes to those
observed in other species after separation from an attachment object supports the
hypothesis that a complex social structure is not necessary for the formation of so-
cial attachments.

Both female giraffe exhibited changes in stereotypical behavior after the re-
moval of the male; however, the form of these behaviors differed between giraffe.
Whereas Betunia demonstrated increased levels of a pre-existing stereotypcial be-
havior (repetitive licking of the exhibit fence), Kamili began exhibiting stereotypical
behaviors not seen in the baseline, including object-oriented licking behavior in the
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morning observations and pacing in afternoon observations. Individual differences
in behavioral response to separation have been observed in infant chimpanzees after
maternal separation [Snyder et al., 1984]. A variety of both pre-existing and newly
occurring stereotypical behaviors including rocking, thumb-sucking, floating arm,
and self-clasping was observed in some or all of the infants. Research on non-human
primates demonstrated that species, age, sex, and pre-separation history [Mineka and
Suomi, 1978] may be factors associated with individual differences in behavior.

Although most behavioral indicators of stress returned to baseline levels after
the second phase of the study, object-oriented behavior remained above baseline in
the third phase of the study. This continued elevation in behavior suggests that either
the response is not an indicator of stress or that it is indicative of a long-term effect
of social separation. It is possible that the presence of the male giraffe interfered
physically with the females’ access to their preferred licking substrate in the baseline
either through displacement of the females when they were standing in a preferred
location or through engagement in social behaviors. However, anecdotal evidence
from keeper observation suggests that licking also increased inside the barn, where
the male would never have been able to interfere [T. Maki, pers. comm.]. It seems
more plausible, then, that once established in a stressful situation, this behavior may
have become emancipated from its initial cause. Mason [1993] suggested that eman-
cipation may occur with both normal and stereotypical behaviors, resulting in their
performance even in the absence of the stimulus or stressor that initially caused the
behavior. The continued increase of fence licking observed in this study may pose a
problem for animal managers because it is a potential medical hazard for the animal
[D. Schaaf, pers. comm.]. Further research is being conducted to document attempts
to reduce this behavior through various enrichment and training techniques.

In addition to an increase in stereotypical behavior, there was a marked in-
crease in contact and neck-rubbing between the females after separation. The in-
crease in neck rubbing observed in this study in response to social separation may be
analogous to the increase in contact and clinging observed in non-human primate
infants after removal of their mothers [Hoff, et al., 1994]. Neck-rubbing has been
suggested to be a “sexuo-social mechanism” to strengthen social cohesion among
male giraffe [Coe, 1967], but is rarely seen between female giraffe [Dagg and Fos-
ter, 1976]. In fact, in a study of captive giraffe, two female giraffe separated from
their group and each other after parturition repeatedly rubbed necks with the bull but
not with each other upon reintroduction [Dagg, 1970]. The role of neck-rubbing be-
tween female giraffe in general is unknown, but it may serve to establish and main-
tain social relationships.

Several differences were observed between morning and afternoon sessions in
this study. The greater proportion of scans spent by giraffe in area 3 in the morning
may be explained by the fact that the giraffe are fed alfalfa in this area, and alfalfa
was only present during the morning observations. This lack of feeding opportunity
in the afternoon sessions may provide an explanation for the disparity of the behav-
ioral response across time of day. Anecdotal observation suggested that the majority
of the feeding behavior recorded as feeding/rumination was feeding in the morning
observations, but was rumination in the afternoon. Feeding is incompatible with ob-
Ject-oriented, locomotive, and pacing behaviors and therefore may have precluded
their expression in morning sessions. In contrast, rumination is compatible with these
behaviors, creating a greater opportunity for variation in behavior in the afternoon.
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The less pronounced behavioral change observed in the morning sessions could also
be explained by the daily routine of the giraffe just before the male’s departure. The
females were released into the exhibit first, while the male remained in the barn for
30 to 60 minutes for training sessions designed to facilitate the shipping process.
The combination of the presence of food in the morning and the male’s routine ab-
sence for a portion of the morning may explain the differences in the females’ re-
sponse to his absence between the morning and afternoon sessions.

Marked increases in behavioral indicators of stress were also observed af-
ter renovation in the outdoor exhibit. It is impossible to know for certain whether
these changes were the result of separation, renovation, or a combined influence
of the two. Anecdotal information and at least one previous study of giraffe indi-
cate that they are highly sensitive to even subtle changes in their environment
[Dagg and Foster, 1976]. Separation environment has been implicated in increas-
ing the intensity of post-separation responses in non-human primates [Mineka
and Suomi, 1978], therefore it is possible that the observed behavioral differ-
ences across phases of separation were the result of a combined effect of re-
moval of the male and exhibit renovation.

Issues of response to social separation have been well discussed in non-human
primates, but largely overlooked in other species. This study demonstrates that gi-
raffe, a species suggested to form only loose associations, can experience behavioral
effects of social separation. Long-term effects of these types of separation, including
decreased behavioral competency in novel situations and social introductions, were
documented in macaques [Mitchell et al., 1967]. However, the long-term consequence
of separation on behavior in other species is largely unknown. Physiological responses
to short- and long-term stressors differ, and there is some debate about which is
more threatening to animal welfare [Mason and Mendl, 1993]. The majority of the
behavioral indications of stress observed in this study had returned to baseline levels
by phase 3, 10 days after separation. Whether this constitutes a short- or long-term
stress response cannot be determined from this study alone.

There is some reason to believe that short-term stress may actually improve
animal welfare. The acceptability of stressful events in the zoo population can be
evaluated by determining how closely the captive environment simulates the wild
environment [Maple et al., 1995]. Specifically, Moodie and Chamove [1990] sug-
gested that stressful events in captivity analogous to those that occur in the wild can
be beneficial to animal welfare if they meet three criteria: they must 1) be common
in the wild, 2) be experienced by all group members, and 3) cause only short-term
arousal. In evaluating whether social separation in captivity is a beneficial stressor,
the first two criteria are met. Separation from social partners does occur in the wild
through death and natural dispersal, and although the frequency and predictability of
these occurrences are variable, separation does affect all group members. Pfeifer
[1996] suggested that in manipulating social groups, the natural pattern of dispersal
be mimicked as closely as possible, increasing the resemblance of captive separa-
tions to those in the wild. The third criteria, that a beneficial stressor causes only
short-term arousal, cannot yet be evaluated. Moodie and Chamove [1990] suggested
that an additional benefit is derived when exposure to these short-term stressors leads
to greater behavioral diversity and more naturalistic behavioral patterns. Social sepa-
ration did not serve to create more naturalistic behavior patterns, as stereotypies and
other undesirable behaviors increased after separation. With results from only two
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animals in a single separation, it is impossible to determine whether the stress that
results from social separation is beneficial.

Social separation is necessary in captivity to maintain a genetically viable popu-
lation, but this study is a reminder that separation may be stressful to animals that
have formed a social attachment. An understanding of the nature and magnitude of
the stress that accompanies separation is important for maintaining the welfare of
captive populations. Until further evidence arises about the welfare implications of
separation or the dispersal patterns of the wild counterparts of these animals, captive
animal managers should continue to consider carefully the necessity of separating
social groups and should do so only when necessary for sustaining genetic diversity
or individual health. Because separation occurs frequently in zoos, it is vital to docu-
ment its effects in a variety of species and then work to minimize these effects in the
future. This study takes a first step toward scientifically examining the behavioral
ramifications of separation to improve both the psychological and physical well-
being of captive animals.

CONCLUSIONS

1. Evidence of social attachment between the two female giraffe supports the
hypothesis that a complex social structure is not a prerequisite for social attachment.

2. The two female giraffe exhibited protest behaviors, including increased ac-
tivity, stereotypical behavior, and contact behavior after the removal of the resident
male. These results are similar to the behavioral changes observed in other species.

3. Contact and neck-rubbing increased after separation, which may be indica-
tive of an attempt to reinforce social cohesion.

4. Because social separation is accompanied by behavioral indications of psy-
chological stress, an understanding of the variables involved in a species’ response
to separation is vital to the promotion of psychological well-being among captive
animals.
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