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ABSTRACT: Maternal or social deprivation during early infancy inevitably
produces social deficiencies in juvenile chimpanzees. Hypothesizing such
deficiencies to persist into adulthood (a), and, as in humans, a sensitive period in
early infancy for attachment formation (b), we predicted and found behavioral
differences in resocialized adult ex-laboratory chimpanzees after about 20 years of
solitary confinement depending on their age at onset of deprivation: early deprived
(ED; mean: 1.2 years) chimpanzees engaged significantly less in social
interactions, spent less time associated, and showed more nonsocial idiosyncrasies
than did late deprived (LD; mean: 3.6 years) chimpanzees. In addition to these
individual attributes relational qualities, specifically the combination of ED and LD
chimpanzees within social groups, have an impact on social recovery. LDs can best
exploit their social potential in the company of other LDs and EDs tend to stagnate
in their recovery when socialized with other EDs. ! 2008 Wiley Periodicals, Inc.
Dev Psychobiol 50: 777–788, 2008.
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INTRODUCTION

For humans the detrimental effects of insufficient
physical, social, and emotional care during infancy are
well documented (e.g., Beckett et al., 2006; Blumenthal,
2005; Rauh, 1982). In his groundbreaking review Bowlby
(1951) described maternal deprivation and its harmful
effects, especially ‘‘the child’s inability to make relation-
ships as a central feature fromwhich all other disturbances
sprang.’’ Based on Bowlby’s (1969/1982) attachment
theory, experimental evidence highlighted the importance

of well-developed secure social attachment early in
life for both human and nonhuman primates as well
as for other mammalian species (e.g., Ainsworth, 1962;
Gilmer & McKinney, 2003; Harlow & Harlow, 1962;
Rajecki, Lamb, & Obmascher, 1978). Maternal and/or
peer deprivation prohibits such attachments from ever
forming and inevitably causes behavioral deficiencies.
Disruption of already developed bonds of attachment
caused by social and/ormaternal separation has both short
and long-term consequences (Bowlby, 1973; Gilmer &
McKinney, 2003). The absence of a primary attachment
figure leads to severe debilitation of the maturing
individual in terms of socio-emotive adjustment and
of cognition (e.g., Bowlby, 1969/1982, 1973, 1980).
Securely bonded infants are more exploratory and tolerate
stronger stimuli than infants with problematic or missing
attachments whose coping with stressors is less effective
(Ainsworth, Blehar, Waters, & Wall, 1978). To develop
normally all primates need to form relations with
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other secondary attachment figures (reviewed in Marvin
& Britner, 1999) in addition. For example, rhesus
monkeys raised with their mother alone turn out
behaviorally maladjusted albeit to a lesser extent than
when raised in total social isolation (Alexander &Harlow,
1965). Social peers, either nonconspecific or conspecific,
can reduce the development of abnormal behaviors in
maternally deprived primates (Pazol & Bloomsmith,
1993; Spijkerman, Dienske, van Hooff, & Jens, 1994).

Most crucial for normal development appears to be the
period of infancy, between birth and weaning, and both
maternal deprivation and separation at this age reliably
leads to stereotypies and other abnormal behavior patterns
in all primates (humans: Albers, Johnson, Hostetter,
Iverson, &Miller, 1997; Bowlby, 1951, 1969/1982, 1973;
Bromwich, 1977; Miller & Hendrie, 2000; apes: Codner
& Nadler, 1984; chimpanzees: Bard & Nadler, 1983;
Berkson & Mason, 1964; Berkson, Mason, & Saxon,
1963; Brent, Lee, & Eichberg, 1989; Bruene, Bruene-
Cohrs, McGrew, & Preuschoft, 2006; Davenport, 1979;
Davenport&Menzel, 1963;Davenport,Menzel,&Roger,
1966; Fritz & Fritz, 1985; Maki, Fritz, & England,
1993; Mason, 1968; Mason, Davenport, &Menzel, 1968;
Turner, Davenport, & Rogers, 1969; macaques: Berkson,
1968; Harlow & Harlow, 1962; Kraemer, 1997; Suomi &
Harlow, 1975; Suomi, Mineka, & DeLizio, 1983). Early
experience, whether adverse or protective, has long-term
effects on the hypothalamic–pituitary–adrenocortical
(HPA) axis which plays a central coordinating role in
the regulation of stress reactivity (Gunnar, 2000). Critical
is the age, or developmental stage, at which deprivation
hits (Hall, 1998). Neurobiological studies on humans
indicate that the period from 7 to 18 months is critical
for the maturation and wiring of limbic and cortical
association areas related to the development of attachment
behaviors (Schore, 2001). Social deprivation during
this critical phase is especially harmful and may cause
enduring neurological defects (humans: Fries, Ziegler,
Kurian, Jacoris, & Pollak, 2005; Gottlieb & Lickliter,
2004; rhesus monkeys: Martin, Spicer, Lewis, Gluck, &
Cork, 1991; other mammals: Gilmer & McKinney, 2003;
Gos et al., 2006; Hall, 1998; Montagu, 1972). These are
mirrored in lasting changes in stress physiology (e.g.,
Anisman, Zaharia, Meaney, & Merali, 1998; Levine,
Alpert, & Lewis, 1957; Matthews, 2002; Reimers,
Schwarzenberger, & Preuschoft, 2007; Sapolsky, 1994;
Seligman, 1974). Behaviorally, the early deprivation
syndrome is characterized by anxiety (e.g., avoiding
proximity to conspecifics), inactivity and neophobia,
and a general failure to actively cope with stressful
situations, to the extent of developing a characteristic
type of personality (Capitanio, 2004; Capitanio &
Mason, 2000; Harlow & Suomi, 1971; Lyons, Yang,
Nickerson, & Schatzberg, 2000; Weiss, Pryce, Jongen-

Relo, Nanz-Bahr, & Feldon, 2004). Moreover, these
changes are not readily reversible. In rhesus monkeys
cessation of deprivation later on in life cannot extinguish
effects of infantile deprivation (Bastian, Sponberg,
Suomi, & Higley, 2003; Harlow & Harlow, 1972).
Similarly, in humans the effects of early deprivation
may persist, even if the social situation is dramatically
improved, for example, through adoption (Barry &
Lindemann, 1960; Bowlby, 1980; Goldfarb’s follow-up
studies reviewed in Bowlby, 1951; for adoptees: Beckett
et al., 2006; Fries et al., 2005; Hoksbergen, ter Laak, Rijk,
van Dijkum, & Stoutjesdijk, 2005; Rutter et al., 1999).

Similar effects as in humans are to be expected
for chimpanzees, because both species have very similar
developmental trajectories (Goodall, 1986). Short-
term effects of sustained maternal deprivation have
so convincingly been demonstrated that fundamental
changes in captive chimpanzee management were made
in response (Berkson et al., 1963; Davenport, 1979;
Davenport & Menzel, 1963; Mason et al., 1968). These
classical studies, however, were conducted before there
was firm evidence of a sensitive period in humans,
and consequently fell short of investigating potentially
differential effects related to the age at onset of
deprivation. At this point, therefore, we are lacking
evidence of a sensitive period for attachment formation in
chimpanzees. We are also missing detailed information
on how long the debilitating effects found in young
chimpanzees are persisting furtheron in life.

The rehabilitation of former biomedical research
chimpanzees at Gänserndorf, Austria, provided us with
the unique opportunity to assess the behavioral repercus-
sions of severe and prolonged social deprivation in adult
chimpanzees. For early deprived (ED) chimpanzees
deprivation started at a mean age of 1.2 (!.4) years from
which point on they were kept in solitary confinement;
for late deprived (LD) chimpanzees, on the other hand,
deprivation started at a mean age of 3.6 (!.5) years.
We investigated this population in their first year after
resocialization, 16–27 years after the chimpanzees’
arrival at the laboratory.

We hypothesized that (a) compared to other captive
and free chimpanzees unusual general activity budgets
with behavioral aberrancies and idiosyncrasies would be
characteristic for all of these adult chimpanzees with a
history of deprivation, and (b) that a sensitive period in
early infancy would have led to more severe social
debilitations in ED than in LD chimpanzees. Specifically,
we predicted LD chimpanzees to engage more in social
interactions and be spatially associated more often than
ED individuals. We also expected EDs to deviate more
from the ‘‘normal’’ activity budgets, in terms of higher
standard deviations, and to display higher rates of aberrant
behaviors than LDs.
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METHODS

Subjects and Biographies

This study focuses on a total of 18 adult chimpanzees (10 males,
8 females) living in three different social groups at the Home
of primates Europe (hopE) primate house in Gänserndorf,
Austria (Tabs. 1 and 2). The chimpanzees were wild caught and
subsequently imported fromAfrica to Austria between 1976 and
1986. Until 1990, the chimpanzees were housed in individual
small cages of 1.5 m2 at a laboratory in Vienna (Goodall, 1990).
The group of chimpanzees imported in 1986 spent the first year
in the laboratory as a peer group, and was in 1987 split into pairs
of individuals (according to documents viewed by S.P.). After
1987 all chimpanzees were isolated and became part of research
protocols, mainly on Hepatitis and HIV. From these experiments
our subjects emerged as uninfected, and without major physical
debilitations.

The chimpanzees imported 1986 reached the laboratory
in their late infancy, whereas those arriving between 1976 and
1982 were maternally and peer deprived as very young infants
(Tab. 1).We classified the former as ‘‘late deprived’’ (LD, n¼ 8),
and the latter as ‘‘early deprived’’ (ED, n¼ 10). An exception

was male Blacky who arrived in 1986 at an estimated age of
1 year andwas kept singly caged immediately upon arrival and is
therefore addressed as ED chimpanzee in this study.

In 1990 the chimpanzees were moved to a new laboratory
facility (Hans Popper Primate Center, Orth) with modern
squeeze cages of approximately 3 m# 3 m# 3 m. The front
and top wasmade of steel mesh, steel grille formed the floor, and
three walls were opaque. The chimpanzees were still kept in
solitary confinement, but bullet proof windows of ca. .5 m2 were
set into the interconnecting cagewalls. Four and eight such cages
respectively were in one room, so chimpanzees had both
auditory and some limited visual contact with others.

Accordingly, the chimpanzees have spent up to 27 years
without physical contact to conspecifics and for most of them
social experience is limited to (early) infancy, visual and
acoustic interactions with conspecifics, and what limited contact
was possible with human caretakers operating on Biosafety
Level 3 or 4 (cf. U.S. Department ofHealth andHuman Services,
1999). In the later 1990s some chimpanzees participated in a
breeding program fromwhich three infants resulted, born to two
female subjects (Tab. 1). As a result of incompetent mothering
the infants were human and peer reared until 2001. At the end of
2002 the chimpanzees were moved to their new ‘‘retirement
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Table 1. Biographic Information on the Subjects

Name Sex Acquisition Date
Est. Age at
Arrival

Age in
2003

Years in
Deprivation

Deprivation
Group

(a) All-male group (AM)
Gogo M June 24, 1976 2 29 27 ED
Max M May 16, 1979 1 25 24 ED
Isidor M July 18, 1979 1 25 24 ED
Johannes M March 11, 1982 1 22 21 ED
Michi M March 11, 1982 1 22 21 ED
Blacky M July 30, 1986 1 18 17 ED
Jakob M July 30, 1986 3 20 17 LD

(b) Mixed-sex group 1 (MS1)
Clyde M July 30, 1986 4 21 17 LD
Pünktchen F July 30, 1986 3 20 17 LD
Martha F May 16, 1979 1 25 24 ED
Ingrid F April 14, 1980 1 24 23 ED
Gabi F April 14, 1980 1 24 23 ED

(c) Mixed-sex group 2 (MS2)
Moritz M July 30, 1986 3 20 17 LD
Anton M July 30, 1986 4 21 17 LD
Schuscha F July 30, 1986 4 21 16 LD
Helene F July 30, 1986 4 21 16 LD
Bonnie F July 30, 1986 4 21 16 LD
Susi F June 24, 1976 2 29 27 ED

Birth
ALFREDa,b M November 11, 1996 7
DAVIDa,c M April 04, 1998 5
XARAa,c F February 26, 1999 4

ED/LD, early/late deprived; MS, mixed-sex; AM, all-male.

Names: standard font¼ early deprived, bold¼ late deprived, italics¼ females.
aImmatures were excluded from analyses.
bMother: Helene.
cMother: Schuscha; father of all three immatures died in 2001.

Effects of Early Deprivation in Chimpanzees 779



home’’ designed for group housing, and in 2003 the resocializa-
tion project was initialized, which had yielded an one-male
bisexual group of five adult chimpanzees (MS1), a two-male
bisexual group of six adult and three juvenile individuals (MS2)
and an all-male group of seven adults (AM) by October
2003, when this study began (Tab. 1). The three social groups
differ in terms of adult sex ratio and relative numbers of ED
versus LD individuals (Tab. 2). All adult females were treated
with a hormonal contraceptive (Implanon) that suppressed the
ano-genital swellings typical of cycling chimpanzees.

During daytime all three groups inhabited separate
large indoor enclosures of 10 m# 13 m# 6 m (MS1 group)
and 16 m# 13 m# 6 m (AM and MS2 group) furnished richly
with tree trunks, wooden plateaus, ropes andwood chip flooring.
No outdoor enclosures were available during this study. Males
spent the night singly in cages of 2m# 3m# 3m. Females spent
the night in pairs, or with their offspring in two interconnected
night cages. Food was provided four times a day: at 8 a.m. in the
night cages, at 11.30 a.m. and 2.15 p.m. in indoor enclosures and
at 5.30 p.m. in the night cages. Additional foraging material was
provided at irregular times.

Data Collection

Between October 2003 and January 2004 the first author
collected all data presented here. Sampling was distributed

evenly between 9 a.m., when the subjects were released into the
enclosures, and 5 p.m., when they returned to their night cages.
Results are based on 72 hr of 5-min scan sampling (Altmann,
1974), which corresponds to 24 hr per group and 291 scans per
individual. Behaviors were categorized as shown in Table 3.

For each scan each individual’s momentary behavior and
distance to other group members was recorded with paper and
pencil. Spatial associations with other group members were
recorded in four categories: (i) body contact (ii) no body contact
but within an arm’s reach (iii) beyond one arm’s reach up to 5 m
distance and (iv) beyond 5 m distance. We chose 5 m as the
cutting point as this corresponds to the length of the wooden
plateaus furnishing the enclosures. Social interactions and
spatial associations were analyzed only for adult group
members, that is, interactions and associations of adult group
members of MS2 with the three immatures were excluded from
analysis.

Data Analysis

Activity budget was analyzed on the individual level, that is, per
subject. For each behavioral category we calculated the
percentage of scans during which each individual was engaged
in a given behavior, for example, resting. To identify potential
differences between deprivation groups in the extent of
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Table 2. Characteristics of the Two Deprivation Groups

Deprivation
Group

Sex
Ratio, m/f

Age at Onset of
Deprivation
Mean (!SD)

Age
in 2003

Mean (!SD)

Years in
Deprivation
Mean (!SD)

ED 6:4 1.2 (!.4) 24.3 (!3.3) 23.1 (!3.0)
LD 4:4 3.6 (!.5) 20.6 (!.5) 16.6 (!.5)

Age in years.

Table 3. Definitions of Behavior Patterns (Adapted According to van Lawick-Goodall, 1968; van Hooff, 1973; Aberrant
Behavior Adapted and Adjusted According to Walsh, Bramblett, & Alford, 1982)

Behavior patterns
Resting Sit, lie, sleep
Monitoring Visual monitoring of group members without social interaction
Self-directed behavior (SDB) Auto-grooming, solitary play, rough scratching
Aberrant behaviora Regurgitation, lip spluttering, coprophagy, stereotyped solitary play, hair pulling, self-patting,

sucking at one’s own upper arm, nipple stimulation, mutilative self-grooming, nail chewing,
finger nibbling, masturbation directed at humans, self grasping, self slapping, slapping with
palm at one’s own face or open mouth, crouching and repeated moving of the head sideways,
repetitive pushing and pulling of finger into mouth rapidly

Locomotion Walk, run, climb
Feeding Ingestion, chewing, foraging, handling of food items
Vigilance Attention directed at events outside the social group while individual is otherwise inactive
Other Chewing cardboard and paper; manual or oral exploration of plastic and cardboard; hooting;

drumming; directed bluffs targeted to visitors; undirected bluffs, swaggering and sway walk in
>5 m distance to conspecifics; brief scratching; building a nest; peering; food grunts;
masturbating; inspection of one’s own penis

Affiliation Allo-grooming, social play, play invitation, kiss, gentle touch, embrace, ano-genital inspection
Agonistic Aggression (directed bluffs and swaggering and stamping within 5 m of group members, tease,

charge, chase, hit, cough grunt) and Submission (avoidance, flight, crouch, scream, pant-grunt)

aA separate publication on this issue is in preparation.
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idiosyncrasies we compared standard deviations of EDs andLDs
from the mean of their respective deprivation group.

Since values were normally distributed, a multiple regression
was conducted to determine which of the following factors
accounts for inter-individual differences in activity budgets:
(a) age at onset of deprivation, (b) age in 2003, and (c) years in
deprivation.

In order to compare spatial association between individuals
we developed an ‘‘Association Score’’ which permitted
comparisons between groups with different numbers of
conspecifics. To this end we assigned ranks to the distance
categories: 3¼ body contact, 2¼within an arm’s reach, 1¼ up
to 5 m distance, and 0¼ beyond 5 m distance. For each single
scan we now transformed the observed distances between each
subject and each of its group members into the respective
distance rank. For each subject the distance ranks were then
summed up across all scans and all group members providing an
association score per subject. Theoretically, a chimpanzee could
have spent amaximumof body contact association (i.e., distance
rank of 3) with all group members in all scans. This Theoretical
Maximum Association Score (TMAS) is thus

NðscansÞ # Nðgroup members& 1Þ # 3

To derive a Standardized Individual Association Score
(SIAS) for each chimpanzee we expressed each subject’s
association score as percentage of the theoretical maximum,
TMAS.

Note, that while the SIAS values permit direct comparisons
between subjects they do not differentiate between selective but
strong associations and unselective but weaker associations.

Differences between the two deprivation groups (early vs.
late deprived) were analyzed by unpaired t-tests with Welch
correction. To test whether EDs exhibited more idiosyncrasies
than LDs in any of the behavior categories we compared the
standard deviations per deprivation group by paired t-tests.
We used one-way ANOVAs in combination with Dunnett’s T3
post tests to compare deprivation-by-gender groups (i.e., early
vs. late deprived males and females separately), the three social
groups (AM, MS1, MS2) as well as group differences in the
relative proportions of ED to LD individuals, and to identify
which group was responsible for a significant difference. All
tests were carried out using SPSS 11.5. The alpha level was set at
.05 for all tests, one-tailed for unpaired t-tests according to
above-mentioned hypotheses.

RESULTS

Activity Budget

Overall, the resocialized chimpanzees spent most
of their time with nonsocial behavior (68.3%, Tab. 4).
Social behaviors directed at group mates were shown in
9.0% of the scans. Among these, affiliation, including the
temporally more extended grooming, was particularly
frequent (mean! SD: 7.5! 8.4%), while the temporally
short events of agonistic interactions were less prominent
(1.5! 2.0%). Chimpanzees also evinced social interest by

spending 21.6! 8.9% of scans monitoring group
members without engaging in interactions. Within each
of the ten behavioral categories high standard deviations
indicate major differences between subjects (Tab. 4).

A stepwise multiple regression yielded a significant
correlation between affiliative (r¼ .479, p¼ .022) as well
as agonistic (r¼ .487, p¼ .020) behavior and age at onset
of deprivation. None of the other behavioral categories
was significantly correlated with any of the predictor
variables. Age at onset of deprivation is the predictor
variable accounting for individual differences in affiliative
(t¼ 2.18, p¼ .044; Tab. 5) and agonistic behavior (t¼
2.23, p¼ .040; Tab. 5).

Differences in affiliative interactions between EDs
and LDs were attributable to LD females (ANOVA:
F¼ 3.213, p¼ .056), who showed the highest percentage
of affiliative behavior (n¼ 4, mean! SD: 17.2! 12.1%;
Fig. 1), but the difference between deprivation-by-gender
groups was not significant (Dunnett’s T3 test, n.s.). LD
males, on the other hand, engaged in agonistic interactions
most often (n¼ 4, mean! SD: 3.7! 3.6%), but again
the difference is not significant (ANOVA: F¼ 2.995,
p¼ .067).

These tendencies of LD males and females to engage
in social interactions more than any other deprivation-by-
gender group are also reflected in the differences between
the three social groups. The group with the highest
proportion of LD individuals, MS2, was the only one
that significantly exceeded the mean of one of the other
two groups for affiliation but not for agonism (Tab. 4,
Affiliation: means! SD of AM¼ 4.8! 5.7%, MS1¼
2.1! 1.2%, MS2¼ 15.2! 9.6%, ANOVA: F¼ 6.308,
p¼ .010; Dunnett’s T3: AM vs. MS2: mean diff.:
&10.312, n.s., MS1 vs. MS2: mean diff.: &13.103, p¼
.052, AM vs. MS1: mean diff.: 2.791, n.s.; Agonism:
means! SD of AM¼ .5! .4%, MS1¼ .4! .2%,
MS2¼ 3.6! 2.5%, ANOVA: F¼ 8.962, p¼ .003,
Dunnett’s T3: n.s.).

In sum, themembers ofMS2 groupwhowere primarily
LD individuals interactedmore frequentlywith each other
than those of AM or MS1 group who were primarily ED
chimpanzees (Tab. 4). No significant differences between
social groups were found with respect to other behavioral
categories.

To investigate whether ED individuals exhibited more
idiosyncrasies than LDs we compared the standard
deviations per deprivation group for social and nonsocial
behaviors separately. LD subjects were more variable in
the categories affiliation and agonism (paired t-test,
t¼&2.178, n.s.), but for all other categories, that is, rest,
monitor, feed, locomotion, vigilance, SDB, aberrant and
other behavior, ED individuals deviated significantly
more from themean than did LD individuals (paired t-test,
t¼ 3.555, p¼ .005).
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When we compared the activity budgets of ED
individuals representing the majority within their groups
(n¼ 9) with those of LD individuals in groups with a LD
majority (n¼ 5) and those of LD individuals in groups
with a LD minority (n¼ 3) significant differences
were apparent for the social behavior categories affiliation
and agonism (Affiliation: means! SD for ED majority¼
3.9! 5.1%, LDmajority¼ 16.3! 10.3%, LDminority¼
2.9! 1.4%, ANOVA: F¼ 6.193, p¼ .012, Dunnett’s T3:
n.s.; Agonism: means! SD for ED majority¼ .4! .3%,
LD majority¼ 3.8! 2.7%, LD minority¼ .7! .4%,
ANOVA: F¼ 9.078, p¼ .003, Dunnett’s T3: n.s.). In
other words, LD chimpanzees were significantly more
affiliative and agonistic when being in the majority as
opposed to being the minority in their social group. LD
chimpanzees in LD majority were also more affiliative
and agonistic than ED in an ED majority. No comparison
could be conducted with EDs representing the minority
within their group since only one individual met this
criterion.

Association Pattern

ED chimpanzees exhibited significantly lower association
scores (SIAS mean! SD: 2.7! .9%) than LD chim-
panzees (mean! SD: 8.7! 5.9%; unpaired t-test with
Welch correction: t¼ 2.859, one-tailed p¼ .012) indicat-
ing that ED chimpanzees spent significantly less time in
proximity of other group members than LD subjects.
Separate analysis of males and females in the two
deprivation groups revealed significant differences
(ANOVA: F¼ 6.492, p¼ .006; Dunnett’s T3: n.s.): LD
females spent most time in spatial association with others
(mean! SD: 11.9! 6.1%, Fig. 2), LD males ranged
second, but spent much less time in spatial association
with others than LD females (mean! SD: 5.6! 4.2%). In
contrast, ED males as well as ED females reached
considerably lower scores (means! SDs for ED males:
2.7! 1.0%, ED females: 2.6! .9%).

Embeddedness in an ED or LD majority resulted
in significantly different Standardized Individual
Association Scores for ED and LD chimpanzees
(SIAS mean! SD for ED majority¼ 2.6! 1.0%, LD
majority¼ 12.4! 3.9%, LD minority¼ 2.5! 1.2%,
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Table 5. Age at Onset of Deprivation, Age in 2003, andYears in Deprivation as Predictors of Affiliative andAgonistic Behavior

Age at Onset of Deprivation Age in 2003a Years in Deprivationa

b b SE t b t VIF b t VIF

Affiliative behavior 3.05 .48 1.39 2.18* .07 .29 1.21 .00 &.00 2.01
Agonistic behavior .76 .49 .34 2.23* &.08 &.33 1.21 &.06 &.20 2.01

b is the unstandardized regression coefficient and b the standardized coefficient, VIF is a measure of collinearity, a large value is indicating a strong
relationship between predictor variables; n¼ 18.

aExcluded variables in stepwise multiple regression.

*p< .05.

FIGURE 1 Social behavior of early (ED) versus late deprived
(LD) males and females separately. Columns represent mean
(!SD) for affiliation and agonism across ED versus LD males
and females separately. ANOVA for affiliative behavior:
F¼ 3.213, p¼ .056, for agonistic behavior: F¼ 2.995, p¼ .067.

FIGURE 2 Association pattern of early (ED) versus late
deprived (LD) males and females separately. Columns represent
mean (!SD) of Standardized Individual Association Scores
per deprivation-by-gender group. ANOVA: F¼ 6.492, p¼ .006,
Dunnett’s T3: n.s.
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ANOVA: F¼ 34.179, p< .001, Dunnett’s T3: ED major-
ity vs. LD majority: mean diff.: &9.794, p¼ .011, ED
majority vs. LD minority: mean diff.: .086, n.s., LD
majority vs. LD minority: mean diff.: 9.880, p¼ .008).
This means that LDs immersed in an LD majority spent
significantly more time in proximity of others than either
EDs in an ED majority or LDs in an LD minority.

This result is also reflected in significant differences
between the three social groups (ANOVA: F¼ 14.431,
p< .001): Members of LD-dominated MS2 group spent
most time in proximity (SIAS mean! SD: 10.9! 5.1%),
whereas members of the two other groups—which were
both ED-dominated—were close to conspecifics in only
2.5! 1.1% (MS1) and 2.7! .9% (AM) of their scans,
respectively. These differences are significant (Dunnett’s
T3: AM vs. MS2: mean diff.: &8.192, p¼ .029, MS1 vs.
MS2: mean diff.: &8.361, p¼ .025).

These differences were apparent at the dyadic level as
well. While ED–ED dyads spent between 0% and 15.8%
and ED–LD dyads between .3% and 18.7% of their
scans within 5 m distance, the LD–LD dyads in MS2
group were outstanding by spending between 16.8%
and 50.0% of their scans in association. (ED–ED:
mean! SD: 5.5! 5.2%, n¼ 18; ED–LD: mean! SD:
5.4! 6.2%, n¼ 17; LD–LD: mean! SD: 31.7! 9.4%,
n¼ 10.) Thus, the LD–LD dyads of MS2 group were
forming a proximity network, whereas the other groups
composed of ED–LD and ED–ED combinations did not.

DISCUSSION

We observed 18 adult chimpanzees retired from bio-
medical research during their first year of rehabilitation
and immediately after their resocialization into three
different social groups. Our hypothesis was that those for
which social and environmental deprivation started in
early infancy would exhibit stronger debilitations than
those deprived during late infancy. We found that ED
chimpanzees engaged less in social interactions, both
affiliative and agonistic, spent less time in proximity of
group members, and showed more nonsocial idiosyncra-
sies. We conclude that the LD chimpanzees were indeed
more socially competent than the ED chimpanzees who
came earlier to the laboratory and had not been peer
housed during early infancy.

Significant differences between the three social
groups draw attention to an additional aspect, that of
group composition, in particular the number of available
partners of the same deprivation category. The group with
the highest proportion of LD–LDdyads (MS2) had values
in all abovevariables comparable to other captive settings,
whereas the LD individuals in the other two groups, who
lived with a majority of ED group members, were less

socially active and spent less time in proximity of others
than the LD chimpanzees of MS2 group. In terms of
nonsocial idiosyncrasies, however, they resembled the
other LD individuals. The one ED female living immersed
among LD group members behaved like the ED subjects
socialized with an ED majority. This indicates that the
handicaps of ED chimpanzees represented a limiting
factor for the development of intense social networking by
the LD chimpanzees living as a minority among them.

Differences between Early and
Late Deprived Chimpanzees

Prior to our study it was known (1) that maternal
deprivation during infancy causes social deficiencies in
juvenile chimpanzees, and (2) that social deprivation
later in life compromises social competence of adult
chimpanzees (e.g., Fritz & Fritz, 1985). Our study adds to
this knowledge by showing that (1) infantile deprivation
has long-term effects that can be diagnosed over
two decades later in adult chimpanzees and (2) that
chimpanzees deprived early in infancy were more
debilitated than those deprived later in infancy.

The differences between ED and LD chimpanzees
are explicable by neurobiological studies on humans
showing that the first 18 months of life are critical for the
myelination and therefore the maturation of particular
rapidly developing limbic and cortical association
areas (Schore, 2001). Being the phylogenetically ancient
substrate of emotions, the limbic system nonetheless
exhibits plasticity with respect to learning effects.
Immature limbic nuclei are ‘‘experience-expectant,’’
and seem to be differentially injured depending on the
age at which they suffer deprivation (Joseph, 1999). Thus,
in humans there is behavioral and neurobiological
evidence for a sensitive phase in the first 18 months of
life. In this phase experiences with primary attachment
figures are necessary for the development of normal social
behavior.

Thus, when the attachment is disrupted by maternal
and peer deprivation during this sensitive phase we
can expect low tolerance levels for social contact and
social interaction of any kind to arise along with a strong
tendency to behave passively and helplessly. This is
exactly the pattern that characterizes our ED chimpan-
zees: they chose not to spend much time in proximity to
group members or even avoided social association and
interacted less than did LD chimpanzees. For the same
population Reimers et al. (2007) found that ED chimpan-
zees responded timidly to novel nonsocial situations,
experiencedmore stress during rehabilitation, and showed
less social initiative than did LD chimpanzees. That the
LD chimpanzees tolerated and sought higher stimulation
levels is understandable in view of the fact that they
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experienced social bonding with and stimulation by peers
until the age of 4–5 years.

Comparisons with Captive and Free
Chimpanzees

Although comparisons with other chimpanzees are
hindered by differences in group composition, housing,
andmethodology it seems important to understand if there
are major deviations between our study population and
captive or free chimpanzees.

Social Behavior. Affiliative and agonistic behaviors
appear to be within a similar range in captive settings
and in the wild (Tab. 6), and differences are mostly due to
sex–age composition of the groups. Our study population
fell within this range (Tab. 6), but while rates of MS2
group reached the upper limit, rates ofAMandMS1 group
hit the lower limit or fell even below (Tab. 4).

Behavioral Aberrance. We expected ED chimpanzees to
exhibit aberrant behaviors more often than LD, but the
data indicate otherwise. Some of the highest values were
reached by the sociallywell adjusted LDmembers ofMS2
group. One reason for this might be that we classified
behaviors as aberrant by virtue of their quality, ignoring
quantitative abnormalities (Bruene et al., 2006; Erwin &

Deni, 1979). While this is methodologically sound it may
not reflect what is truly abnormal in the behavior of these
chimpanzees. Another possibility is that the extent of
deprivation obliterated differences between both depriva-
tion groups in terms of time spent acting abnormal, but the
EDchimpanzees’ repertoires of abnormal behaviors could
still exceed those of the LD ones. These questions
will be tackled in an independent study (Kalcher et al.,
in preparation).

Association Pattern. In free chimpanzees association
patterns vary between populations and sexes. Males
usually are more strongly associated with one another
than female–female dyads in all populations (c.f. Boesch
& Boesch-Achermann, 2000; Goodall, 1986; Nishida,
1968). We found differences in association rates between
our three social groups that corresponded to these of
social interaction frequencies. But in contrast to free
chimpanzees inter-female association was more frequent
than inter-male association in LD individuals of MS2
group. However, this is also typical for females in other
captive settings (Baker, 1996; Baker & Smuts, 1994; de
Waal, 1994).

Even though association values at dyadic level
suggest normal association patterns for our ex-laboratory
chimpanzees it is important to remember that the
associations among free chimpanzees are largely dictated
by ecology whereas those among our subjects were
limited by the social evasiveness of the ED individuals.

CONCLUSION

In conclusion, we found clear-cut differences between
chimpanzees exposed to severe deprivation depending
on their age at onset of deprivation. Later deprived
individuals were more socially active. Yet, although we
correctly expected personality differences caused by the
onset of deprivation the found differences between social
groups indicate a modifying effect of the social market
(Noë & Hammerstein, 1995) on social adjustment, and
the potential of relational qualities to override indi-
vidual attributes (Preuschoft & van Schaik, 2000). LD
chimpanzees can better exploit their social potentials
when grouped with other LD chimpanzees, whereas LD
chimpanzees who form a minority among ED group
members become more socially inactive and distant.

It thus seems as if social company dominated by ED
chimpanzees tended to under-tax both ED and LD
individuals, whereas ED individuals risked to be over-
taxed by an LD majority. The fact that during the study
period two additional LD males could not yet be
integrated into the ED-dominated all-male group (and
therefore failed to become subjects of the present study)
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Table 6. Affiliative and Agonistic Behavior of Free,
Captive, and Ex-Laboratory Chimpanzees in Comparison

Affiliative
Behavior (%)

Agonistic
Behavior

Free
East African (P.t.s.)a 6–14i .1–.69/hrj

West African (P.t.v.)a 9i Frequentj

Captive
LCS, Californiab 4–17 —
Washington P. Zooc 9 1%
LCS, Californiad 13 .4%
Zool. Gardens, Chestere 13 .18/hrj

YRPRC, Atlantaf 3–13i .27/hrj

Ex-laboratory
LCS, Floridag 12 2%
hopE, Austriah 8 1.5% (¼.13/hrj)

aReviewed in Pruetz and McGrew (2001).
bMerrick (1977).
cKing et al. (1980).
dLeger (1977).
eCaws and Aureli (2003).
fAureli and de Waal (1997).
gNoon (1991).
hData from this study.
iSocial grooming only.
jAggression only.
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suggests that profound differences in response disposi-
tions and stimulus thresholds between the deprivation
groups can seriously impede their compatibility (Pre-
uschoft & Schüttler, in preparation). By contrast, LD
chimpanzees could provide each other with more
congenial stimulation levels conducive to the develop-
ment of social bonds and social skills. On this molar level
of frequencies of social behaviors these LD chimpanzees,
but not those in groups with many ED chimpanzees, were
similar to captive chimpanzees without a history of severe
deprivation. On the other hand, even several of the LD
chimpanzees in the socially rich group exhibited similarly
high frequencies of aberrant behaviors as ED ones.

Our study shows that although long-term deprivation
does not necessarily make chimpanzees abnormal in
terms of their overall activity profile the onset of
deprivation during a critical developmental stage in early
life does effect pronounced and characteristic long-term
debilitations that can be diagnosed over two decades later
in adult chimpanzees.

NOTES

This research was funded by a grant of the Karl-Franzens-
Universitaet Graz and the Gandolph-Doelter-Stiftung. We are
grateful to Baxter, Inc., for financing the reported part of the
rehabilitation project, to Oliver Scheifinger, Joerg Eichberg, and
Jan van Hooff for supporting a scientific approach to rehabilita-
tion, to Wolfgang G. Desch for statistical advice, to Michi
Reimers, Mike Seres, Franz Schwarzenberger, and Martin
Bruene for stimulating discussions, and to the two anonymous
reviewers for their helpful comments.

REFERENCES

Ainsworth, M. D. (1962). The effects of maternal de-
privation: A review of findings and controversy in the
context of research strategy. In: Deprivation of maternal
care: A reassessment of its effects. Public Health Papers
(Vol. 14, pp. 97–165). Geneva, Switzerland: World Health
Organization.

Ainsworth, M. D. S., Blehar, M. C., Waters, E., & Wall, S. N.
(1978). Patterns of attachment: A psychological study of the
strange situation. Hillsdale, New York: Erlbaum.

Albers, L. H., Johnson, D. E., Hostetter, M. K., Iverson, S., &
Miller, L. C. (1997). Health of children adopted from the
former Soviet Union and Eastern Europe. The Journal of the
American Medical Association, 278, 922–924.

Alexander, B. K., & Harlow, H. F. (1965). Social behavior of
juvenile rhesus monkeys subjected to different rearing
conditions during the first six months of life. Zoologische
Jahrbuecher. Abteilung für Allgemeine Zoologie und Physio-
logie der Tiere, 71, 489–508.

Altmann, J. (1974). Observational study of behaviour: Sam-
pling methods. Behaviour, 49, 227–267.

Anisman, H., Zaharia, M. D., Meaney, M. J., & Merali, Z.
(1998). Do early-life events permanently alter behavioral and
hormonal responses to stressors? International Journal of
Developmental Neuroscience, 16, 149–164.

Aureli, F., & de Waal, F. B. M. (1997). Inhibition of social
behavior in chimpanzees under high-density conditions.
American Journal of Primatology, 41(3), 213–228.

Baker, K. C. (1996). Chimpanzees in single cages and small
social groups: Effects of housing on behavior. Contemporary
Topics, 35(3), 71–74.

Baker, K. C., & Smuts, B. B. (1994). Social relationships of
female chimpanzees: Diversity between captive social
groups. In: R. W. Wrangham, W. C. McGrew, & F. B. M.
de Waal (Eds.), Chimpanzee cultures (pp. 227–242). Cam-
bridge, MA: Harvard University Press.

Bard, K. A., & Nadler, R. D. (1983). The effect of peer
separation in young chimpanzees (Pan troglodytes). Amer-
ican Journal of Primatology, 5, 25–37.

Barry, H. B., & Lindemann, E. (1960). Critical ages for
maternal bereavement in psychoneuroses. Psychosomatic
Medicine, 22(3), 166–181.

Bastian, M. L., Sponberg, A. C., Suomi, S. J., & Higley, J. D.
(2003). Long-term effects of infant rearing condition on the
acquisition of dominance rank in juvenile and adult rhesus
macaques (Macaca mulatta). Developmental Psychobiology,
42(1), 44–51.

Beckett, C., Maughan, B., Rutter, M., Castle, J., Colvert, E.,
Groothues, C., Kreppner, J., Stevens, S., O’Connor, T. G., &
Sonuga-Barke, E. J. S. (2006). Do the effects of early severe
deprivation on cognition persist into early adolescence?
Findings from the English and Romanian adoptees study.
Child Development, 77(3), 696–711.

Berkson, G. (1968). Development of abnormal stereotyp-
ed behaviors. Developmental Psychobiology, 1(2), 118–
132.

Berkson, G., & Mason, W. A. (1964). Stereotyped behaviors of
chimpanzees: Relation to general arousal and alternative
activities. Perceptual and Motor Skills, 19, 635–652.

Berkson, G., Mason, W. A., & Saxon, S. V. (1963). Situation
and stimulus effects on stereotyped behaviors of chimpan-
zees. Journal of Comparative and Physiological Psychology,
56, 786–792.

Blumenthal, P. J. (2005). Kaspar Hausers Geschwister.
München: Piper.

Boesch, C., & Boesch-Achermann, H. (2000). The chimpan-
zees of the Taı̈ Forest: Behavioural ecology and evolution.
New York: Oxford University Press.

Bowlby, J. (1951). Maternal care and mental health, Vol. 3.
Geneva, Switzerland: Bulletin of the World Health Organ-
ization, pp. 355–534.

Bowlby, J. (1969/1982). Attachment and loss: Vol. 1. Attach-
ment. New York: Basic Books.

Bowlby, J. (1973). Attachment and loss: Vol. 2. Separation.
New York: Basic Books.

Bowlby, J. (1980). Attachment and loss: Vol. 3. Loss. New
York: Basic Books.

Developmental Psychobiology786 Kalcher et al.



Brent, L., Lee, D. R., & Eichberg, J. W. (1989). The effects of
single caging on chimpanzee behavior. Laboratory Animal
Science, 39(4), 345–346.

Bromwich, R. M. (1977). Stimulation in the first year of life? A
perspective on infant development. Young Children, 32(2),
71–83.

Bruene, M., Bruene-Cohrs, U., McGrew, W. C., & Preuschoft,
S. (2006). Psychopathology in great apes: Concepts, treat-
ment options and possible homologies to human psychiatric
disorders. Neuroscience and Biobehavioral Reviews, 30,
1246–1259.

Capitanio, J. P. (2004). Personality factors between and within
species. In: B. Thierry, M. Singh, & W. Kaumanns (Eds.),
Macaque societies (pp. 13–33). Cambridge: Cambridge
University Press.

Capitanio, J. P., & Mason, W. A. (2000). Cognitive style:
Problem solving by rhesus macaques (Macaca mulatta)
reared with living or inanimate substitute mothers. Journal of
Comparative Psychology, 114, 115–125.

Caws, C., & Aureli, F. (2003). Chimpanzees cope with
temporary reduction of escape opportunities. International
Journal of Primatology, 24(5), 1077–1091.

Codner, M. A., & Nadler, R. D. (1984). Mother-infant
separation and reunion in the great apes. Primates, 25(2),
204–217.

Davenport, R. K. (1979). Some behavioral disturbances of
great apes in captivity. In: D. A. Hamburg, & E. R. McCown
(Eds.), Perspectives on human evolution Vol. 5. The great
apes (pp. 341–357). Menlo Park, California: Benjamin/
Cummings Publishing Co.

Davenport, R. K., Jr., & Menzel, E. W. (1963). Stereotyped
behavior of the infant chimpanzee. Archives of General
Psychiatry, 8, 99–104.

Davenport, R. K., Jr., Menzel, E. W., Jr., & Rogers, C. M.
(1966). Effects of severe isolation on ‘‘normal’’ juvenile
chimpanzees. Health, weight gain, and stereotyped
behaviors. Archives of General Psychiatry, 14, 134–
138.

de Waal, F. B. M. (1994). Chimpanzee’s adaptive potential: A
comparison of social life under captive and wild conditions.
In: R. W. Wrangham, W. C. McGrew, & F. B. M. de Waal
(Eds.), Chimpanzee cultures (pp. 243–260). Cambrigde,
MA: Harvard University Press.

Erwin, J., & Deni, R. (1979). Strangers in a strange land:
Abnormal behaviors or abnormal environments? In: J. Erwin,
T. L. Maple, & G. Mitchell (Eds.), Captivity and behavior:
Primates in breeding colonies, laboratories, and zoos (pp. 1–
28). New York: Van Nostrand Reinhold Co.

Fries, A. B. W., Ziegler, T. E., Kurian, J. R., Jacoris, S., &
Pollak, S. D. (2005). Early experience in humans is
associated with changes in neuropeptides critical for
regulating social behavior. Proceedings of the National
Academy of Science of the United States of America,
102(47), 17237–17240.

Fritz, J., & Fritz, P. (1985). The hand-rearing unit: Management
decisions that may affect chimpanzee development. In: C. E.
Graham & J. A. Bowen (Eds.), Clinical management of
infant great apes (pp. 1–34). New York: Liss.

Gilmer, W. S., &McKinney, W. T. (2003). Early experience and
depressive disorders: Human and non-human primate
studies. Journal of Affective Disorders, 75, 97–113.

Goodall, J. (1986). The chimpanzees of Gombe: Patterns of
behaviour. Cambridge: Harvard University Press.

Goodall, J. (1990). Through a window. Boston: Houghton
Mifflin Publishing.

Gos, T., Becker, K., Bock, J., Malecki, U., Bogerts, B., Poeggel,
G., & Braun, K. (2006). Early neonatal and postweaning
social emotional deprivation interferes with the maturation of
serotonergic and tyrosine hydroxylase-immunoreactive
afferent fiber systems in the rodent nucleus accumbens,
hippocampus and amygdala. Neuroscience, 140, 811–821.

Gottlieb, G., & Lickliter, R. (2004). The various roles of animal
models in understanding human development. Social Devel-
opment, 13(2), 311–325.

Gunnar, M. R. (2000). Early adversity and the development of
stress reactivity and regulation. In: C. A. Nelson (Ed.), The
Minnesota Symposium on Child Psychology: Vol. 31 The
effects of early adversity on neurobehavioral development
(pp. 163–200). Mahwah, New York: Lawrence Erlbaum
Associates.

Hall, F. S. (1998). Social deprivation of neonatal, adolescent,
and adult rats has distinct neurochemical and behavioral
consequences. Critical Reviews in Neurobiology, 12(1–2),
129–162.

Harlow, H. F., & Harlow, M. K. (1962). Social deprivation in
monkeys. Scientific American, 207(5), 136–146.

Harlow, H. F., & Harlow, M. K. (1972). The affectional systems.
In: A. Schrier, H. F. Harlow, & F. Stollnitz (Eds.), Behaviour
of nonhuman primates, Vol. 2. New York: Academic Press.

Harlow, H. F., & Suomi, S. J. (1971). Social recovery by
isolation-reared monkeys. Proceedings of the National
Academy of Sciences of the United States of America, 68,
1534–1538.

Hoksbergen, R., ter Laak, J., Rijk, K., van Dijkum, C., &
Stoutjesdijk, F. (2005). Post-institutional autistic syndrome
in Romanian adoptees. Journal of Autism and Developmen-
tal Disorders, 35(5), 615–623.

Joseph, R. (1999). Environmental influences on neural
plasticity, the limbic system, emotional development and
attachment: A review. Child Psychiatry and Human Develop-
ment, 29(3), 189–208.

Kalcher, E., Franz, C., Preuschoft, S., & Crailsheim, C. (In
preparation). Conditions provoking stereotyped behaviors in
adult former laboratory chimpanzees (Pan troglodytes).

King, N. E., Stevens, V. J., & Mellen, J. D. (1980). Social
behavior in a captive chimpanzee (Pan troglodytes) group.
Primates, 21, 198–210.

Kraemer, G. W. (1997). Psychobiology of early social
attachment in rhesus monkeys: Clinical implications. Annals
of the New York Academy of Sciences, 807, 401–418.

Leger, D. W. (1977). An empirical evaluation of instantaneous
and one-zero sampling of chimpanzee behavior. Primates,
18, 387–393.

Levine, S., Alpert, M., & Lewis, G. W. (1957). Infantile
experience and the maturation of the pituitary adrenal axis.
Science, 126, 1347.

Developmental Psychobiology Effects of Early Deprivation in Chimpanzees 787



Lyons, D. M., Yang, B. W., Nickerson, J. T., & Schatzberg, A. F.
(2000). Early environmental regulation of glucocorticoid
feedback sensitivity in young adult monkeys. Journal of
Neuroendocrinology, 12, 723–728.

Maki, S., Fritz, J., & England, N. (1993). An assessment of
early differential rearing conditions on later behavioural
development in captive chimpanzees. Infant Behaviour and
Development in Captive Chimpanzees, 16, 373–381.

Martin, L. J., Spicer, D. M., Lewis, M. H., Gluck, J. P., & Cork,
L. C. (1991). Social deprivation of infant rhesus monkeys
alters the chemoarchitecture of the brain: I. Subcortical
regions. The Journal of Neuroscience, 11(11), 3344–3358.

Marvin, R. S., & Britner, P. A. (1999). Normative development:
The ontogeny of attachment. In: J. Cassidy & P. R. Shaver
(Eds.), Handbook of attachment: Theory, research, and clinical
applications (pp. 44–67). New York: The Guilford Press.

Mason, W. A. (1968). Early social deprivation in the nonhuman
primates: Implications for human behavior. In: D. Glass
(Ed.), Biology and behavior: Environmental influences (pp.
70–101). New York: Rockefeller University Press.

Mason, W. A., Davenport, R. K., Jr., & Menzel, E. W. Jr. (1968).
Early experience and the social development of rhesus
monkeys and chimpanzees. In: G. Newton & S. Levine
(Eds.), Early experience and behaviour: The psychobiology of
development (pp. 440–480). Springfield: Charles C Thomas.

Matthews, S. G. (2002). Early programming of the hypothal-
amo-pituitary-adrenal axis. Trends in Endocrinology and
Metabolism, 13, 373–380.

Merrick, N. J. (1977). Social grooming and play behavior of a
captive group of chimpanzees. Primates, 18, 215–224.

Miller, L. C., & Hendrie, N. W. (2000). Health of children
adopted from China. Pediatrics, 105, 76–81.

Montagu, A. (1972). Sociogenic brain damage. American
Anthropologist, 74, 1045–1061.

Nishida, T. (1968). The social group of wild chimpanzees in the
Mahali Mountains. Primates, 9, 167–224.
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