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Abstract In a highly social species like chimpanzees, the

process by which individuals become attuned to their social

environment may be of vital importance to their chances of

survival. Typically, this socialization process, defined by

all acquisition experiences and fine-tuning efforts of social

interaction patterns during ontogeny, occurs in large part

through parental investment. In this study, we investigated

whether maternal presence enhances the socialization

process in chimpanzees by comparing the social interac-

tions of orphaned and mother-reared individuals at the

Chimfunshi Wildlife Orphanage Trust in Zambia. As

response variables, we selected social interactions during

which an elaborate level of fine-tuning is assumed to be

necessary for sustaining the interaction and preventing

escalation: social play. Comparing orphaned (n = 8) to

sex- and age-matched mother-reared juvenile chimpanzees

(n = 9), we hypothesized that the orphaned juveniles

would play less frequently than the mother-reared and

would be less equipped for fine-tuning social play (which

we assayed by rates of aggression) because of the lack of a

safe and facilitating social environment provided by the

mother. First, contrary to our hypothesis, results showed

that the orphaned juveniles engaged in social play more

frequently than the mother-reared juveniles, although for

significantly shorter amounts of time. Second, in support of

our hypothesis, results showed that social play of the

orphaned juveniles more often resulted in aggression than

social play of the mother-reared juveniles. In conjunction,

these results may indicate that, just like in humans, chim-

panzee mothers provide their offspring with adequate

social skills that might be of pivotal importance for future

challenges like successful group-living and securing com-

petitive fitness advantages.
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deprivation � Social competence � Maternal care �
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Introduction

Socialization refers to the process during which individuals

of a social species acquire and develop skills that are

appropriate for adequate group-living, hence maintaining

or increasing fitness (Munkenbeck and Mitchell 1974;

Rapaport and Brown 2008). In primates, typically, a suite

of behaviours must be learned by infants and juveniles

before reaching mature independence, including foraging

(e.g. locations and tool use), recognizing dominance indi-

cators, reproductive behaviours, nest building, mothering

and more general social behaviours like affiliative and

submissive behaviours (Mason 1967; Poirier 1977; Russon

1990; Watts and Pusey 2002). Mothers play an important

role in the socialization of primates (Hrdy 1999; Lonsdorf

and Ross 2012), where early studies have shown that the

absence of mothers during sensitive periods in infancy can

have detrimental effects on the physical and social
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development of individuals, even resulting in the near

absence of future reproductive success (Harlow and Har-

low 1962; Novak and Sackett 2006).

Chimpanzees are a social species exhibiting interactive

behaviours that require a high level of coordination for

their successful execution, like cooperative hunting, coa-

litionary aggression and boundary patrolling [e.g. (Boesch

and Boesch 1989; Mitani 2009a)]. While the adequate

execution of these behaviours may confer substantial fit-

ness benefits, chimpanzees need a long period of sociali-

zation in order to acquire and fine-tune their socially

complex behaviour [e.g. (Lonsdorf and Ross 2012; Mason

1986; Poirier 1972, 1977; Watts and Pusey 2002)]. Typi-

cally, chimpanzees are very vulnerable from birth and

spend the majority of their first years dependent on their

mothers (Goodall 1986). During this period, chimpanzees

obtain an important amount of knowledge on the species-

typical, and possibly group-specific, repertoire of individ-

ual and social behaviours (Goodall 1986; Rapaport and

Brown 2008), where the presence of the mother seems to

elicit skill acquisition in the infants (Biro et al. 2003;

Lonsdorf 2013) and even active teaching by chimpanzee

mothers has been observed in the wild (Boesch 1991).

In this study, we aimed to investigate the extent to which

mother-rearing affects the adequacy of chimpanzees’ social

behaviour in later life by comparing the characteristics of

social play between orphaned and mother-reared individ-

uals. Play is often considered practice of skills that prepare

individuals for future events (Burghardt 2005; Spinka et al.

2001), and as an important means by which individuals

establish and maintain social relationships in general

(Fagen 1993; Palagi 2006) and acquire information on

group members’ behavioural tendencies in particular (Ci-

ani et al. 2012; Pellis and Pellis 2009). More importantly

for the purpose of this study, social play entails interactive

behaviour that requires an elaborate level of fine-tuning for

its execution [e.g. (Bekoff and Allen 1998; Palagi et al.

2007)], and comprises a context in which individuals, upon

inadequate fine-tuning with their play partner, risk severe

injuries or even physical exclusion from their social group

(Bekoff and Pierce 2009; Burghardt 2005). Moreover,

social play is considered to be one of the most complex

types of social communication for it entails an ongoing

exchange of social information, which requires adequate

sending and receiving of signals (Burghardt 2005; Pellis

and Pellis 2009). In other words, social play may be both

an assay for general social skill proficiency [also see

(Lewis 2000)] and may influence the fitness potential of

individuals directly by affecting factors like physical con-

dition and social status [also see (Palagi 2011)]. In this

study, first, we compared the frequencies and durations of

social play behaviour between orphaned and mother-reared

juvenile chimpanzees to assess the proficiency of the

chimpanzees’ social skills. Here, we hypothesized that the

mother-reared chimpanzees would engage in social play

more frequently and for longer continuous durations than

their orphaned counterparts for the reason that we expected

the mother-reared chimpanzees to be more socially

attuned, i.e., more proficient at soliciting and sustaining

social play, owing to their typical social development [e.g.

(Maki et al. 1993; Russell et al. 2011)]. Second, we

investigated the adequacy of the chimpanzees’ social skills

by analysing the social play outcomes in terms of aggres-

sion. Here, we hypothesized that the orphaned chimpan-

zees would start fighting during social play more frequently

than their mother-reared counterparts for the reason that we

expected the orphaned chimpanzees to be less able to

adequately communicate (both signalling and perceiving)

that their employed behaviour is not aggressively, but

playfully intended [e.g. (Bekoff 2004; van Hooff 1973)].

Under the parsimonious assumption that positive social

relationships and group-living confer fitness benefits to

social animals including chimpanzees [e.g. (Langergraber

et al. 2013; Silk et al. 2003; Vanschaik and Vanhooff

1983)], both the proficiency and adequacy of social

behaviour may (in)directly affect chimpanzees’ fitness

potential [also see (Taborsky and Oliveira 2012) for a

general appraisal of the impact of social competence on

Darwinian fitness].

Materials and methods

Subjects

All chimpanzees that were observed for the current study

lived at the Chimfunshi Wildlife Orphanage Trust

(CWOT), a sanctuary that houses more than a hundred

chimpanzees under close to natural conditions in the north-

western part of Zambia (for details, see van Leeuwen et al.

2012). The group of orphaned juveniles consisted of 11

individuals of which 8 individuals (4 females, 4 males;

Mage 7.6 years; age range 4–9 years) were selected for this

study (1 individual was too young to be socially active and

was still regularly hand-reared by humans; the 2 others

were only sometimes integrated in the group because of

management reasons). All orphans were wild-born and

were brought into CWOT at the age of 3 years or younger.

The available records showed that all orphans had been

taken away from their mother within their first year of life

(S. Siddle & I. Mulenga, pers.comm. 2012, founder and

current manager of CWOT, respectively). At CWOT, the

orphans roamed freely outside in a 3.24 ha enclosure from

8:00 am to 12:00 pm, after which they were kept inside for

the remainder of the day. The enclosure consisted of wild

Miombo woodland, which comprises many opportunities
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for the chimpanzees to forage, climb and build nests [see

(Ron and Mcgrew 1988)]. The indoor facility consisted of

four connected cages through which the chimpanzees could

roam freely (approx. 80 m2). Furthermore, the orphans

were being taken on so-called bushwalks irregularly, which

comprised a 1–2 h interaction with human visitors. Data

were only collected in the absence of visitors, but since

interaction with visitors may affect the subsequent behav-

iour of the orphaned juveniles, we investigated this influ-

ence in more detail by comparing play behaviour between

bushwalk days and non-bushwalk days.

The group of mother-reared juveniles consisted of 9

individuals (5 females, 4 males; Mage 7.3 years; age range

4–8 years), belonging to a social group of 47 individuals

(including their mothers) at the start of the study. The

mother-reared chimpanzees lived in a 64.76 ha enclosure

(consisting of similar Miombo woodland as the enclosure

of the orphaned chimpanzees), where they roamed freely

throughout the day, except for midday feeding in an indoor

holding-facility between 11:30 and 13:30. No bushwalks

were undertaken with the chimpanzees from this group.

Behavioural coding

Behaviour was coded according to the ethogram of the

Chimpanzee and Human Communication Institute (2000;

see Online Resource 1 for the specific ethogram used in

this study). Social play behaviour was defined by two or

more subjects interactively engaging in ‘‘play’’, where only

bouts between peers were included for further analysis (i.e.

only bouts between orphaned juveniles in the orphaned

group and bouts between mother-reared juveniles in the

mother-reared group were included). In more detail, social

play comprised any non-aggressive interactions between

two or more individuals that included one or a combination

of the following behaviours: tickling, wrestling, biting,

sparring (hitting and pushing), chasing, butting, kicking,

dragging, finger wrestling, pinching, rubbing, thrusting,

play face, play walk and laughing. In order to investigate

play initiation rates and the perpetuation of play bouts, play

duration was categorized a priori in mutually exclusive

timescales comprising 0–5-, 6–10-, 11–19-, 20–29-s, 30 s–

1-min, 1–2-, 2–3-, 3–4-, 4–5-, and[5-min intervals, where

a play bout started with the first playful interaction between

two subjects and ended when there was no playful

behaviour from any of the involved partners for C5 s. To

assess durations of social play behaviour, the average of the

time-interval boundaries was taken (e.g. 3 social play bouts

in the 20–29-s interval would yield a duration of 3 times

((20 ? 29)/2) = 73.5s). Play outcomes were recorded as

aggressive when at least one of the interacting subjects

would engage in agonistic behaviour. In more detail, ago-

nistic behaviour comprised any aggressive interactions

between two or more individuals that included one or a

combination of the following behaviours: poking, kicking,

biting, hitting, throwing an object at another, or hitting

another with an object. Furthermore, to be able to better

distinguish between playful and aggressive behaviour, we

only coded ‘‘aggression’’ when one or both of the play

partners started screaming. To control for non-indepen-

dence, only one aggressive play outcome was included for

analysis per focal follow. All statistical tests are two-tailed

unless specified otherwise. We applied the Holm–Bonfer-

roni method to control the family-wise error rate (Holm

1979).

Observations

We used a 15-min focal sampling technique (Martin and

Bateson 1994), where individuals were randomly selected

as focal individuals based on visibility and location of the

observer (as they walked along the fence line in order to

find the chimpanzees). Random selection was done by a

random name-generation procedure without replacement,

but when the designated individual could not be found for

10 min, the next name was generated. Three observers live

coded a total of 92 focal hours with an average of 5.4 h per

subject (range 3.7–7.3 and 2.9–9.7 h for the orphaned and

mother-reared juveniles, respectively). The observation

period lasted from the 15th of June 2007 until the 15th of

August 2007, where observations on both groups were only

done between 8:00 am and 12:00 pm in order to control for

daytime differences (i.e. the orphaned chimpanzees were

only outside between 8:00 am and 12:00 pm). Of the data

collected on the orphaned juveniles, 14.9 focal hours were

obtained on ‘‘bushwalk days’’ (days on which the chim-

panzees physically interacted with human visitors) and

30.2 h on ‘‘non-bushwalk days’’. Since we neither found a

significant difference between bushwalk days and non-

bushwalk days in the frequency of social play (Wilcoxon

test: p = 0.93) nor the frequency by which social play

resulted in aggression (Wilcoxon test: p = 0.61), we

pooled the data and report them accordingly. Inter-observer

reliability was established prior to data collection

by simultaneously, yet independently live coding 2.5 h of

focal follow data. The calculation was based on comparing

the rates of agreement across 7 behavioural categories

(social play, lone play, forage, rest, explore, aggression and

grooming: see Chimpanzee and Human Communication

Institute 2000) between the three observers, where they had

coded the behaviour of the focal individual every 15 s as

indicated by an audible signal from a stopwatch. The

observations for the inter-observer reliability test were

done during the 2-h window preceding feeding time for the

reason that during this window, the chimpanzees are most

active and the reliability assessment thus maximized its
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purpose by allowing calculation on a relative diverse set of

observations [observer 1 & 2: Cohen’s K = 0.84; observer

1 & 3: Cohen’s K = 0.85; observer 2 & 3: Cohen’s

K = 0.80; (Cohen 1960)]. Moreover, two out of the three

observers conducted focal follow observations in both

chimpanzee groups, which further increased the validity of

our combined observations.

Results

Social play proficiency: frequencies and duration

Overall, the orphaned chimpanzees engaged in social play

behaviour more frequently than the mother-reared chim-

panzees (Mann–Whitney test: U = 4.0, Z = -3.08,

N1 = 8, N2 = 9, p = 0.001; mean ± SD: 5.85 bouts/

h ± 0.44, 1.96 bouts/h ± 0.23, respectively; see Online

Resource 2 for a table with the frequencies across the two

groups broken down into the different social play inter-

vals). On the other hand, we found no difference in the

proportion of time that the orphaned and mother-reared

chimpanzees engaged in social play behaviour (U = 41.0,

Z = 0.48, N1 = 8, N2 = 9, p = 0.67; mean ± SD:

13.10 % ± 7.96, 15.61 % ± 10.39, respectively). Closer

inspection of the data revealed that the orphaned chim-

panzees spent more time engaging in relatively short social

play bouts, while the mother-reared chimpanzees spent

more time engaging in relatively long social play bouts (see

Fig. 1). In more detail, comparing the two study groups,

the orphaned chimpanzees engaged significantly longer in

the 5-, 6–10-, and 11–19-s social play intervals (p \ 0.01,

p \ 0.01, and p = 0.012, respectively), while the mother-

reared chimpanzees seemed to engage significantly longer

in the 2–3-min and 3–4-min intervals (p = 0.030, and

p = 0.059, respectively; both moderate trends when

Holm–Bonferroni corrected).

Social play adequacy: aggressive outcomes

The social play bouts of the orphaned chimpanzees resulted

significantly more often in aggression than the social play

bouts of the mother-reared chimpanzees (U = 7.0, Z =

-2.83, N1 = 8, N2 = 9, p = 0.004; see Fig. 2). This result

was robust in the sense that the same pattern was found

after the exclusion of the most extreme data point (outlier)

in the orphaned chimpanzees group (19.1 % = mean

?2.39 SD), indicating that the group difference was not

due to one individual (U = 7.0, Z = -2.63, N1 = 7,

N2 = 9, p = 0.008; see Fig. 2). Moreover, each orphaned

chimpanzee was engaged in a social play bout that turned

into aggression at least once with at least 3 different play

partners (range 3–6), further indicating that the presented

result reflects a group-level effect rather than an effect

caused by individual differences (only 4 out of 9 mother-

reared chimpanzees were observed to be engaged in social

play turning into aggression; 3 subjects with only one

partner and 1 subject with 2 different partners).

Discussion

In this study, we opportunistically investigated whether the

lack of maternal presence throughout infancy and juvenil-

ity affected chimpanzees’ social skills later in life by

comparing social play behaviour of orphaned juvenile

chimpanzees to that of mother-reared juvenile chimpan-

zees. Orphaned chimpanzees were found to engage in

social play more frequently than their age- and sex-mat-

ched mother-reared counterparts. However, their social

play bouts were relatively short in comparison with the

social play bouts of the mother-reared chimpanzees, indi-

cating that although the orphaned chimpanzees were

motivated to engage in social play, they were less capable

of sustaining interactive play bouts. Moreover, the likeli-

hood with which social play bouts turned into aggression

was more than five times higher in the orphaned chim-

panzees than the mother-reared chimpanzees. Corroborat-

ing previous reports [e.g. (Kalcher-Sommersguter et al.

2011; Maki et al. 1993; Russon 1990)], these data may

imply that chimpanzees learn adequate social skills from

their mothers throughout infancy and juvenility; skills that

enhance the quality of interactions with conspecifics in

later life, which, in a highly socially dependent species like

chimpanzees may be of crucial importance for successful

group-living or even immediate survival (Bekoff and

Pierce 2009; Taborsky and Oliveira 2012).

The importance of early social experiences—and

maternal care in particular—for offspring social develop-

ment has been demonstrated in a diverse range of taxa [e.g.

primates: (Rapaport and Brown 2008); rats: (Levy et al.

2003); fish: (Taborsky et al. 2012); birds: (White et al.

2010)]. Typically, animals that grow up in a socially

dynamic environment or receive (adequate) maternal care

throughout infancy and juvenility are more capable of

optimising social behaviour later in life than their socially

deprived counterparts, which can provide substantial fit-

ness advantages (Taborsky and Oliveira 2012). In the

current study, the social play behaviour of maternally

deprived chimpanzees was characterized by a relatively

impaired capacity to sustain playful interactions and pre-

vent these interactions from turning into aggression. Where

the former may indicate that chimpanzees that have missed

an important part of their natural socialization process are

less capable of establishing and maintaining close social

bonds, the latter shows that lessons learned from mothers
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(or being in the presence thereof) may actually safeguard

chimpanzees from the physical and social risk inherent to

aggressive encounters. A similar finding was reported in a

recent bonobo study (Clay and de Waal 2013) focusing on

the socially important dynamics of reconciliation and

consolation (Aureli and de Waal 2000). Here, it was found

that compared to their juvenile mother-reared counterparts,

orphaned bonobos were less actively engaged in both

reconciliation and consolation (Clay and de Waal 2013),

which point towards a similar negative link between early

social deprivation and the development of socially attuned

behaviour as the findings of the present study.

An alternative explanation for the differences in social

play behaviour between the orphaned and mother-reared

chimpanzees may be that the mother-reared chimpanzees

were still monitored and looked after by their mothers.

Chimpanzee mothers are known to be protective of their

offspring, even post-weaning (Goodall 1986; Nishida

2012). In this study, the chimpanzee mothers may have

prevented escalation of their offspring’s social play by

intervening in increasingly intensive play bouts. This

explanation, however, seems unlikely for the reason that

the social play bouts of the mother-reared chimpanzees

were typically longer than those of the orphaned
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chimpanzees. If mothers were to end social play bouts of

their offspring, it would be expected to find shorter play

bouts in mother-reared chimpanzees, unless there were

additional factors compromising the duration of social play

bouts in orphaned chimpanzees. One of these factors may

have been the relative inability of orphaned chimpanzees to

communicate the meta-information ‘‘this is only play’’ [e.g.

see (Bekoff 2004; Burghardt 2005)]. Social animals use

communicative signals during playful interactions, like

facial expressions and vocalizations, to convey the message

that whatever they are doing to the interaction partner is

play, not aggression. In the case where the nature of the

performed behaviour is difficult to determine by its phys-

ical appearance (i.e. play and aggression are comprised of

similar behavioural elements, like hitting and biting), it is

important for the play partners to communicate about the

intentions of the ongoing, interactive behaviour (Bekoff

and Byers 1998). In chimpanzees, the open-mouth face and

exaggerated panting (‘‘laughter’’) have been characterized

as play signals (van Hooff 1972), even to the extent of

producing a distinct laughter-type for communicating the

willingness to continue playing, as contrasted to sponta-

neous laughter (Davila-Ross et al. 2011). Moreover, the

intensity by which these signals are being communicated

has been linked to the presence of the play partners’

mothers (Flack et al. 2004). In the current study, the

mother-reared chimpanzees may have been play-signalling

more intensely than their orphaned counterparts because of

the presence of their mothers. Albeit interesting to scruti-

nize in a follow-up study, this explanatory variable would

still point to the fact that the mother-reared chimpanzees

were more competent at coordinating intense social inter-

actions than the orphaned chimpanzees. Alternatively,

orphaned chimpanzees might have been less adequate in

the timing of their play signals. For instance, Spijkerman

et al. (1996) found that even though chimpanzees that were

raised in peer groups used play faces equally or even more

frequently during social play than chimpanzees that were

living in a semi-natural zoo environment (in groups com-

prising family units and chimpanzees from all age classes),

the peer group-raised chimpanzees used play faces less

frequently when they were engaged in (playful) gnawing,

which arguably comprises a behaviour in need of meta-

information conveying its modality: e.g., ‘‘this is playfully

intended, not aggressively’’ (Bekoff and Allen 1998).

Future research might reveal valuable insights regarding

the mechanism underlying the presented differences

between the social play interactions of orphaned and

mother-reared chimpanzees by focusing specifically on

play-signalling during ambiguous (playful) behaviours,

like gnawing, biting and hitting; especially in light of the

intriguing finding that chimpanzees do not only produce

distinct laughter types during social play, but that these

expressions seem to emerge from socialization processes

(Davila-Ross et al. 2011).

It is important to note that the orphaned chimpanzees

were not only deprived of maternal care throughout infancy

and juvenility, but that they have also remained deprived of

any typically socialized role-model throughout the rest of

their development. Knowing that chimpanzees typically

form social bonds with a multitude of group members [e.g.

see (Langergraber et al. 2009; Mitani 2009b)] and that they

are proficient at socially acquiring social behaviour [e.g.

(Lonsdorf 2013; van Leeuwen et al. 2012)], it would be

interesting to find out to what extent the orphaned chim-

panzees could adjust the adequacy of their social (play)

behaviour in the presence of more socially attuned indi-

viduals. Furthermore, the presented results should be taken

with caution, since group comparisons are inevitably prone

to subtle, yet possibly meaningful differences. For instance,

the difference in enclosure size and time spent in the indoor

holding facilities may affect the social behaviour of the

individuals. In this case, the former concern may be dis-

missed on the basis of the fact that even the smallest

enclosure was sufficiently large to avoid social contact if

preferred. The latter concern may be minimized by the fact

that the indoor facility of the orphaned chimpanzees con-

sisted of several connected spaces, where the chimpanzees

would move through freely. Moreover, the playful inter-

actions that turned into aggression were normally distrib-

uted across the time that the orphaned chimpanzees were

outside (i.e. not clustered in the time immediately follow-

ing release from their indoor holding spaces).

Finally, it might have been the case that early separation

trauma intrinsically caused the orphaned chimpanzees to

become less socially attuned, irrespective of the subsequent

absence of maternal care. In line with this reasoning are the

recent findings that chimpanzees can develop (signs of)

mood and anxiety disorders after suffering traumatic

experiences (Ferdowsian et al. 2011). Weighing these

alternative explanations, however, we would argue that the

deprivation of maternal care would be a more likely

explanation of the presented results than the early trauma

suffered by the orphaned chimpanzees. The typical symp-

toms that humans [and chimpanzees: (Ferdowsian et al.

2011)] develop after traumatic experiences are of an

internalizing nature, i.e., symptoms that are characterized

by social withdrawal rather than social engagement and are

contrasted to externalizing symptoms like aggression

(American Psychiatric Association 2000; Ferdowsian et al.

2011). The findings of the present study show the opposite

pattern: the orphaned chimpanzees were both socially

engaged (as reflected by the high frequency by which they

initiated social play) and rather externally than internally

oriented (as reflected by the aggressive outcomes of their

social play bouts). Moreover, while the explored link
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between (early) trauma and resultant symptomatology

warrants further investigation, the substantial research

indicating that mothers are crucially important for a typical

(social) development in chimpanzees plausibly grounds the

tenet of our conclusions [e.g. (Goodall 1986; Lonsdorf and

Ross 2012; Nishida 2012)].

In sum, the data of the present study suggest that

maternal care (or at least the presence of socially attuned

individuals) is essential for the development of social skills

in chimpanzees. While these data underline the importance

of the mother–infant bond in chimpanzees, this study fur-

ther indicates that chimpanzees are not innately predis-

posed towards optimal (social) behaviour, nor that mere

individual learning will sufficiently shape their behavioural

repertoire: much like humans, chimpanzees seem to need

social role models in order to be able to navigate their

complex social lives.
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