
doi: 10.1098/rspb.2008.1324
, 699-706276 2009 Proc. R. Soc. B

 
Cristina M Gomes, Roger Mundry and Christophe Boesch
 
chimpanzees
Long-term reciprocation of grooming in wild West African
 
 

References
http://rspb.royalsocietypublishing.org/content/276/1657/699.full.html#ref-list-1

 This article cites 47 articles, 8 of which can be accessed free

Subject collections
 (1154 articles)behaviour   �

 
Articles on similar topics can be found in the following collections

Email alerting service  hereright-hand corner of the article or click 
Receive free email alerts when new articles cite this article - sign up in the box at the top

 http://rspb.royalsocietypublishing.org/subscriptions go to: Proc. R. Soc. BTo subscribe to 

This journal is © 2009 The Royal Society

 on April 2, 2010rspb.royalsocietypublishing.orgDownloaded from 

http://rspb.royalsocietypublishing.org/content/276/1657/699.full.html#ref-list-1
http://rspb.royalsocietypublishing.org/cgi/collection/behaviour
http://rspb.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=royprsb;276/1657/699&return_type=article&return_url=http://rspb.royalsocietypublishing.org/content/276/1657/699.full.pdf
http://rspb.royalsocietypublishing.org/subscriptions
http://rspb.royalsocietypublishing.org/


Proc. R. Soc. B (2009) 276, 699–706

doi:10.1098/rspb.2008.1324

 on April 2, 2010rspb.royalsocietypublishing.orgDownloaded from 
Long-term reciprocation of grooming in wild
West African chimpanzees

Cristina M. Gomes*, Roger Mundry and Christophe Boesch

Max Planck Institute for Evolutionary Anthropology, Deutscher Platz 6, 04103 Leipzig, Germany

Published online 28 October 2008
*Autho

Received
Accepted
Humans are well known for their ability to keep track of social debts over extended periods of time, and for

their tendency to preferentially cooperate with closely bonded partners. Non-human primates have been

shown to cooperate with kin and non-kin, and reciprocate helpful acts. However, there is ongoing debate

over whether they keep track of previous interactions and, if so, whether they can do it over extended periods

of time, or are constrained to finalize exchanges within a single encounter. In this study, we used 3000 hours

of all-day focal follows of wild chimpanzees (Pan troglodytes verus) to investigate whether both females and

males reciprocate grooming within a single interaction, throughout the day, or over longer periods of time.

We found that grooming was reciprocated more symmetrically when measured on a long-term, rather than

on an immediate or short-term basis. Random giving, general allocation of grooming efforts, similarities

among individuals and kinship do not appear to explain these highly reciprocal exchanges. Previously

collected consecutive focal follows of single individuals revealed that dyads groomed an average of once

every 7 days. Our findings strongly suggest that chimpanzees, similar to humans, are able to keep track of

past social interactions, at least for a one-week period, and balance services over repeated encounters.

Keywords: grooming; reciprocity; chimpanzees; time frame; time lag; Pan troglodytes verus
1. INTRODUCTION
Reciprocity has been a major area of investigation due to

the theoretical dilemma that helping others represents, the

cognitive implications it may have in terms of memory and

recognition and, therefore, its inevitable repercussions on

the evolution of human trading. The theory of reciprocal

altruism proposes that if giving is contingent upon

receiving and if individuals give more services (i.e. helpful

behaviours) or resources to those from whom they receive

the most, performing helpful acts or giving resources

can be an evolutionarily stable strategy (Trivers 1971;

Axelrod & Hamilton 1981).

The time lag between giving and receiving of services or

resources is one of the crucial aspects of reciprocity. When

studying exchange behaviours, choosing an inappropriate

time frame for reciprocation could lead to finding

inaccurate measures of the symmetry of reciprocation

(i.e. the relationship between giving and receiving) or even

to concluding erroneously on the absence of reciprocity

(i.e. if the time frame chosen is too short and individuals

have not yet reciprocated). Much controversy surrounds

this topic since researchers disagree on the length of the

time frame for reciprocation in primates. Some authors

have suggested that non-human primates’ cognitive

abilities enable them only to reciprocate acts immediately

or on a short-term basis (Barrett & Henzi 2002; Stevens &

Hauser 2004). Such is the case of female chacma baboons

(Papio cynocephalus ursinus) and samango monkeys

(Cercopithecus mitis erythrarchus), which reciprocated

grooming short term (Barrett et al. 1999, 2002; Payne

et al. 2003; Pazol & Cords 2005), and, as other vertebrates

(Hart & Hart 1992; Connor 1995), were proposed to

trade commodities immediately. Others have suggested

that reciprocation takes place over a longer time frame
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(Manson et al. 2004; Schino et al. 2007). This was

observed in female olive baboons (Papio anubis; Frank

2007), bonnet macaques (Macaca radiata; Manson et al.

2004), tufted (Schino et al. in press) and white-faced

capuchins (Cebus capucinus; Manson et al. 2004), which

reciprocated grooming long term and did not have

balanced grooming bouts (i.e. individuals did not give

and receive the same amount within a single interaction,

thus the symmetry of the relationship between giving and

receiving was not close to 1). It is unknown, however,

whether these differences are due to exploring only limited

time frames for reciprocation which could lead to

erroneous conclusions on the time lag between giving

and receiving, or if they are due to real species differences.

Grooming is an ideal behaviour for the investigation of

the time frame of reciprocation since non-human primates

tend to groom frequently (reviewed in Spruijt et al. 1992),

which allows for it to be exchanged immediately or over

longer time frames. As it benefits the recipient at some cost

to the actor, it is proposed to function as a service that can

be provided to others (de Waal 1997). Some of these costs

include decreased vigilance (Mooring & Hart 1995) and

resting time (Dunbar & Sharman 1984; Dunbar 1992),

and exposure to microparasite transmission (Johnson et al.

2004; Nunn & Altizer 2006). However, it is a profitable

commodity to exchange due to the benefits to the

recipient. As grooming serves to remove parasites

(Mooring et al. 1996; Hawlena et al. 2007), it provides

hygienic benefits, and as it stimulates b-endorphin release

(Keverne et al. 1989) and decreases heart rate (Feh &

de Mazieres 1993; Aureli et al. 1999), it provides tension

relief benefits. Grooming can be exchanged for other

services or resources (e.g. support in agonistic conflicts,

food, sex, etc., Seyfarth & Cheney 1984; Hemelrijk et al.

1992; de Waal 1997) or for itself, owing to its intrinsic
This journal is q 2008 The Royal Society
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hygienic and tension relief benefits (Henzi & Barrett

1999). This allows for the study of reciprocity by looking

at one commodity alone. If grooming is reciprocated,

individuals will give more grooming to those from whom

they receive the most, and depending upon the time frame

available to reciprocate, grooming will be time-matched

within a bout, a day or over a longer period of time than a

day (hereafter long term).

The few studies that have been conducted to date on

the time frame of reciprocation have focused on monkeys

(Frank 2007; Schino et al. in press), which may lack the

cognitive abilities to reciprocate long term (Barrett &

Henzi 2002; Stevens & Hauser 2004). Thus, chimpanzees

(Pan troglodytes), which have been shown to have advanced

cognitive skills (Tomasello & Call 1997; Lonsdorf et al. in

press), are a suitable species in which this subject can be

investigated. Furthermore, chimpanzees groom frequently

(Lehmann et al. 2007); they live in large social groups with

many potential exchange partners from which to choose;

and they have a fission–fusion social system (Goodall

1986; Boesch & Boesch-Acherman 2000), enabling dyads

to separate from the rest of the group to reciprocate

previous helpful acts without being interrupted by other

individuals. Grooming relationships in wild male chim-

panzees have been shown to be reciprocal; however, the

relationship between grooming given and received varied

greatly among different populations (Boesch & Boesch-

Acherman 2000; Watts 2000; Arnold & Whiten 2003;

Mitani 2006). Furthermore, grooming reciprocity has not

yet been studied in female dyads in the wild, even though

females, despite being the dispersing sex, are an important

part of the social life of the group, form strong social bonds

with other individuals and interact frequently with other

group members (Lehmann & Boesch 2008). Finally, the

time lag between giving and receiving grooming has not

been specifically addressed in this species. Studies on

primates that have investigated the time frame of

reciprocation have not done all-day focal follows of the

same individual, precluding the assessment of reciprocity

within a day. In addition, to investigate whether reciproca-

tion occurs over time periods longer than a single

interaction or a day, it is necessary to generate a large

dataset to have enough interactions per pair of individuals

and avoid misestimating the symmetry of reciprocation,

which may not have been the case in previous studies.

To investigate whether grooming is reciprocated in

both female and male wild chimpanzees and the time

frame within which giving and receiving occurs, we used

3000 hours of data collection to measure the symmetry of

grooming reciprocation within bouts, within a focal day

and across longer periods of time. We (i) collected all-day

focal samples of the same individual, which allowed us to

verify whether commodities were reciprocated within a

day and not only immediately, (ii) used analyses that

allowed us to statistically control for the effects of other

variables on the relationship between grooming given and

received, allowing us to exclude other alternative

hypotheses to contingent-based reciprocity, (iii) used

consecutive all-day follows of the same individual to

determine the average dyadic frequency of grooming and

(iv) studied both sexes, not only males. If chimpanzees

reciprocate grooming within a single bout or day, then

partners will alternate roles as giver and receiver within

this time period, in order to balance their exchanges. The
Proc. R. Soc. B (2009)
majority of grooming bouts will be bidirectional and/or

partners will balance out grooming interactions later in the

day. However, if they can keep track of their previous

grooming interactions and can reciprocate over many

encounters, they will not be constrained to always

alternate roles in each bout. Thus, grooming bouts can

be unidirectional and exchanges will be more symmetrical

when measured over longer periods of time.
2. MATERIAL AND METHODS
(a) Behavioural data collection

Between 2003 and 2006, C.M.G. conducted all-day focal

animal sampling on adult wild chimpanzees focusing on nine

adult females and five adult males from the south group of the

Taı̈ chimpanzee project in Côte d’Ivoire (Herbinger et al.

2001; Deschner et al. 2003; Boesch et al. 2006). At the start of

data collection, the south group consisted of 44 individuals:

8 males (5 adults, 3 adolescents); 16 females (14 adults,

2 adolescents); and 20 juveniles and infants, all of whom were

fully habituated. Throughout the study period, one adult

male and three adult females disappeared or died, and there

were no immigration events. Additionally, there were no

obvious changes in rank, suggesting that the competitive

regime of the group was stable.

Consecutive all-day focal data used to determine groom-

ing frequency per dyad were collected between 1999 and

2001 by T. Deschner, N. O. Daurid and C. Bolé. During this

period, the South group community consisted of 3 adult

males and 19 adult females. Although these data were

collected approximately 2 years before, we are confident

that the frequency of grooming between dyads did not change

substantially since the number of potential grooming partners

remained rather stable (between 19 and 22 adults).

(b) Statistical analysis

We used generalized linear mixed models (GLMM, Crawley

2002; Bolker 2007; Baayen 2008) with a Gaussian error

structure to determine the symmetry between giving and

receiving grooming. This approach is superior to previous

methods used to study reciprocity in animals (e.g. matrix

permutation methods) because it allows one to include

several fixed effects (i.e. predictor variables that influence

the mean) and random effects (i.e. variables that influence the

variance). The inclusion of many fixed effects allowed us to

investigate the relationship between grooming given and

received, while controlling for other potentially confounding

variables that could lead to a spurious correlation between the

former, thereby testing alternative explanations to contin-

gent-based reciprocity. Including random effects allowed us

to control for data points being non-independent, as is the

case with repeated observations of the same individual

(Crawley 2002; Bolker 2007; Baayen 2008). GLMM were

carried out in R (R Development Core Team 2004) using the

LME4 package v. 0.9975-13 (Bates 2007).

To asses the overall significance of our model, we used non-

parametric bootstrapping (Manly 1997). This allowed us to

determine that the deviance of the null model (i.e. one that

only includes the intercept and the identity of the giver and

receiver) fell well above the confidence limit of the deviance of

our model, indicating that the model was significant. To

investigate whether the model was unstable due to multi-

collinearity between two or more predictor variables, the data

were bootstrapped 1000 times to obtain parameter coefficients

http://rspb.royalsocietypublishing.org/
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of each of the individual predictor variables. This allowed us

to verify that the confidence intervals (CI) for parameter

estimates of significant variables were small and did not

include zeros, which is evidence for a minor effect of

multicollinearity (Manly 1997). Since measures of effect size

are not available for GLMM, we evaluated effect size by

comparing the AIC of the full model and a reduced model that

did not include the variable of interest, and performed a

likelihood-ratio test. This allowed us to assess the amount

of variability explained by a single variable (Baayen 2008).
(c) Model specifications

The model used for all the analyses included the following

variables that were all incorporated simultaneously.

(a) Response variable. Log-transformed values of the total

amount of grooming that one individual gave another

(seconds).

(b) Predictor variables. In addition to grooming received, we

included variables that have or might have an effect on

the relationship between grooming given and received.

A spurious correlation between these two variables could

arise if individuals with similar characteristics (the same

rank, age or sex) or those who associated frequently

tended to groom each other more than different

individuals or those who associated less (i.e. if there

was a correlation between grooming and rank, age, sex or

association; de Waal & Luttrell 1988). We incorporated

in the model five continuous covariates and one

categorical predictor variable.

(i) Grooming received (seconds). Log-transformed

values of the total amount of grooming that an

individual received from another. To verify that

the differences in observation time of each

individual did not affect the relationship between

grooming given and received, we ran a model with

proportion of grooming given and received

(i.e. the amount of grooming in relation to the

time both individuals were observed) and

obtained the same results as for the analysis with

total amounts.

(ii) Rank of the giver and rank of the receiver. We

established dominance relationships among indi-

viduals based on greeting vocalizations (Wittig &

Boesch 2003). The hierarchy was linear

(improved linearity test: h 0Z0.94, pZ0.0001,

de Vries 1995), with all males dominant over all

females, and it remained stable throughout the

whole data collection period. The model was

analysed twice, once with rank of the giver and

once with rank of the receiver, since the

information obtained from these two variables

and rank difference was redundant (see below).

(iii) Rank difference. Difference between the ranks of

the giver and receiver.

(iv) Age difference. Absolute difference between the age

of the giver and the receiver.

(v) Dyadic association index (DAI ). DAI was used

as a measure of how frequently two individuals

associated with each other (i.e. were present in

the same party). It was calculated in the
Proc. R. Soc. B (2009)
following way:

DAIij Z
Tij

Ti CTjKTij

;

where Ti is the total amount of time subject i was

seen; Tj is the total amount of time subject j was

seen; and Tij is the time i and j were seen together

in the same party (Nishida 1968).

(vi) Sex combination of the dyad. Sex of both individ-

uals involved in a grooming interaction was

included in the model as a predictor categorical

variable with four levels (__, \\, _\, \_, i.e. three

dummy-coded predictor variables).

(vii) Besides the predictor variables mentioned above,

which were considered as fixed effects in these

models, we included the identity of the giver and

the receiver as random effects. This relieves the

problem of dependency of data by controlling

for variation between individuals in their

tendency to perform certain acts (e.g. grooming

others, Bolker 2007).
(d) Time frame of grooming reciprocation

To investigate the time lag between giving and receiving

grooming, we measured grooming symmetry within bouts,

within a focal day and across longer periods of time.
(i) Details of the within-bouts analysis

A bout was defined as a period of time during which two

individuals were involved in a grooming interaction, without

any change of behaviour, and ended when both individuals

stopped grooming for more than 85 s. We chose this time

as the limit for considering two grooming events as part of

the same bout, based on the frequency distribution of

the pauses between grooming events, which showed a

minimum at 85 s.

In this analysis, we included a temporal autocorrelation

parameter as an additional covariate into the model, to

control for the possibility of dependency of data between

grooming interactions happening close to one another. This

autocorrelation covariate was defined as the weighted average

of residuals (from a full model excluding the autocorrelation

parameter), with the weight equalling the inverse time lag

between two grooming bouts. To calculate the autocorrela-

tion covariate for a given data point, we used all data from the

same dyad and excluded the residuals of this particular data

point. However, this parameter was not significant (tZ0.27,

pZ0.34), indicating that there was no apparent temporal

autocorrelation between grooming bouts, and was therefore

not retained in the model reported.
(ii) Details of the within-days analysis

We summed all the grooming that each focal animal gave and

received, to and from all other individuals each day, and used

each combination of grooming per day/per dyad as a data

point. In this analysis, we included a daily temporal

autocorrelation parameter as an additional covariate into

the model, to control for the possibility of dependency of data

between grooming interactions happening on days close to

one another. However, this parameter was not significant

(tZ1.12, pZ0.27), indicating that there was no apparent

temporal autocorrelation between days, and was therefore not

retained in the model reported.

http://rspb.royalsocietypublishing.org/
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Figure 1. Dyadic long-term relationship between grooming
given and received. The estimated slope of the relationship
between grooming given and received (bZ0.83G0.08)
reflects the symmetry in grooming reciprocation, which is
perfectly symmetrical when equal to 1.
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(iii) Details of the dyadic long-term analysis

First, we investigated whether dyadic grooming interactions

were stable over time. To do this, we divided the complete

dataset into six different periods of three to four months

each. We then correlated, separately for grooming given and

received, the amount of grooming per dyad for each pair of

periods using matrix correlation analyses (Sokal & Rohlf

1995). An average rZ0.4 and an average pZ0.005 clearly

suggest that grooming among dyads remained relatively

stable throughout the observation period. We studied the

symmetry in grooming reciprocity over 7, 11, 15, 19 and 22

months, hence increasing the amount of data that contributed

to the dataset. In this analysis, unlike in the within-bouts and

within-days analyses, there was an increased coverage of

grooming interactions as more data were included in the

analysis (i.e. the amount of data that contributed to each data

point increased with observation time). This allowed us to

determine the minimum dataset required to obtain an

accurate and precise estimate of the symmetry of grooming

reciprocity (i.e. how many months of data collection were

necessary to obtain sufficient interactions per dyad for this

estimate to remain rather stable).

(iv) Details of the comparison between the analyses of different

time frames

The combination of each pair of giver–receiver and bout or

day was a data point in the within-bouts and within-days

analyses, whereas each giver–receiver pair was a data point in

the dyadic long-term analysis. Since we were interested in the

time lag between giving and receiving grooming, and non-

reciprocated grooming could reflect defection or interchange

for other commodities (Henzi & Barrett 1999), as in other

studies (Barrett et al. 1999; Manson et al. 2004), we only

included data points in which both individuals groomed.

Thus, the within-bouts differed from the within-days and

dyadic long-term analyses in that unidirectional bouts were

never included in the former, but were usually included in the

latter. They were included in the latter when days or dyads

were reciprocal because members of a dyad changed roles as

‘groomer’ and ‘groomee’ at any time during the day, or time

period of the dyadic long-term analysis. However, when

including all data points in the analyses, the patterns remained

the same with regard to their statistical significance (see §3).

This shows that although our analyses were appropriate given

the implications of including unidirectional bouts in the

within-bouts analysis, our approach was conservative because

including unidirectional bouts would lead to a decrease in the

estimate of within-bouts reciprocity compared with the other

two. To determine whether the differences in the symmetry of

grooming reciprocity between each time frame used were

statistically significant, we calculated the CI for each estimate

of symmetry. We then verified whether the CI between each

pair of estimates did not overlap, and whether the CI of the

difference between each pair did not include zero (0), which

would indicate that the differences between the pair of

estimates were significant (Brandstätter 1999).

We examined whether symmetry could increase solely due

to more data contributing to each data point, by permuting

the amount of grooming given in the dyadic long-term dataset

and progressively increasing the amount of data included

in the analysis. We used matrix permutation as in a Mantel

test (Sokal & Rohlf 1995) and determined the estimate of

reciprocity for each permutation using the same analysis as

for the original data.
Proc. R. Soc. B (2009)
3. RESULTS
(a) General grooming patterns

The 91 dyads sampled were observed grooming for a total

of 87 hours. The majority of the dyads (70%) were seen, at

some point, grooming each other at the same time (i.e.

mutual grooming). Out of the 87 grooming hours, 22

(25%) were of mutual grooming, while only 1 individual of

the pair groomed, at a given time, during the remaining

65 hours (75%). This suggests that if grooming was

reciprocated, individuals frequently alternated roles as

giver and receiver. However, out of the 1236 grooming

bouts observed, only 400 (32%) were bidirectional (i.e.

individuals alternated roles as giver and receiver within the

same bout), while 836 (68%) were unidirectional (i.e. only

one individual of the pair groomed within a bout)

indicating that in most cases individuals did not alternate

roles within bouts.
(b) Reciprocity and the time frame of grooming

reciprocation

We found that grooming received significantly predicted

the amount of grooming given in the dyadic long-term

analysis (bGCIZ0.83G0.08, t151Z16.16, p!0.0001,

figure 1). A model that did not include grooming

received proved to have a significantly inferior fit (model

with grooming received: AICZ435, d.f.Z11; model

without grooming received: AICZ546, d.f.Z10;

likelihood-ratio test: c2Z113, p!0.0001), indicating

that grooming received explained an important amount

of the variability of grooming given. Furthermore, the

symmetry in grooming reciprocity (i.e. the estimated

slope of the relationship between grooming given and

received) was close to 1 (bGCIZ0.83G0.08). This

indicates that, in the long term, a subject giving small

amounts of grooming to a certain partner also received

small amounts of grooming from that partner, while one

giving large amounts of grooming to a particular

individual also received large amounts of grooming

from that partner (figure 1). Exclusion of mutual

grooming (25%) from the analysis did not change

these patterns, showing that the relationship between

giving and receiving was not due to individuals grooming

each other at the same time.

http://rspb.royalsocietypublishing.org/
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Grooming was also reciprocated within bouts and within

days (within bouts: bGCIZ0.63G0.08, t400Z18.26,

p!0.0001; within days: bGCIZ0.61G0.08, t343Z15.46,

p!0.0001), although less symmetrically than long term

(figure 2). The lack of overlap between the CI of the dyadic

long-term analysis and the within-bouts and within-days

analyses, and the exclusion of zero (0) from the

CI of the difference between each pair of estimates

(CIbouts-dyadic long-termZ0.09–0.31, CIdays-dyadic long-termZ

0.11–0.34), indicates that these differences were significant.

The large overlap of CI between the within-bouts and

within-days symmetry measures, and the inclusion of zero

in the CI of the difference between these two estimates

(CIbouts–daysZK0.9 to 0.13), indicates that the symmetry

in grooming reciprocity did not differ significantly

between these two time frames.

Although progressively including more data in the

dyadic long-term analysis (from 7 to 22 months) did not

lead to significant changes in the estimate of symmetry in

grooming reciprocity, the measure became more precise

and accurate. This was reflected by the decrease in the CI

and the increase in the estimate of symmetry as more data

were included in the analysis, until the estimate reached a

plateau at approximately 15 months of data collection (bG
CI: 7 months, 0.53G0.16; 11 months, 0.65G0.15; 15

months, 0.78G0.09; 19 months, 0.83G0.078; 22

months, 0.79G0.078). The stabilization of the estimate

of symmetry and the decrease in the CI indicates that

increasing the sample size led to a decrease in variance,

and that a minimum of 15 months of data collection was

necessary to obtain a reliable estimate of reciprocity on a

long-term basis. However, the 15-month time lag

probably does not have a biological meaning and will

vary among studies depending on the species’ grooming

frequency and the data collection method used. In

addition, we found that if grooming was given to a certain

partner irrespective of its identification and the amount

received from it, there would not be a relationship between

grooming given and received across dyads, independent
Proc. R. Soc. B (2009)
of the amount of data included in the analysis (matrix

permutation, average bw0, pw0.5). This indicates that

the increase in symmetry in the dyadic long-term analysis

compared with the within-bouts and within-days analyses

(figure 2) was not an analytical artefact (i.e. the result of

using larger sample sizes).
4. DISCUSSION
Chimpanzees in the Taı̈ forest reciprocated grooming,

even though, as in other chimpanzee communities (e.g.

Gombe community, Goodall 1986; Mahale community,

Takahata 1990; Sonso community, Arnold & Whiten

2003), they spent a smaller fraction of their time involved

in mutual grooming. Removing mutual grooming events

from the analyses revealed that the relationship between

giving and receiving was not due to individuals grooming

each other at the same time, and that partners frequently

alternated roles as giver and receiver. The proportion of

unidirectional grooming bouts (i.e. non-reciprocated

grooming bouts) varies considerably within and across

species (bonnet macaques: 93–95%, Manson et al. 2004;

tufted capuchins (Cebus apella): 80%, Schino et al.

in press; white-faced capuchins: 73–88%, Manson et al.

2004; olive baboons: 66%, Frank 2007; chacma baboons:

49–69%, Barrett et al. 1999). However, since most of the

grooming bouts were unidirectional in this group of

chimpanzees, the dyadic long-term analysis would only

lead to more symmetrical grooming exchanges if imbal-

ances in grooming interactions (due to unidirectional or

skewed bidirectional bouts) were reciprocated by the other

partner of a dyad at a later time. The lack of a significant

difference in the symmetry of grooming reciprocation

between the within-bouts and within-days time frames

suggests that when dyads groomed more than once during

the day they did not tend to balance out previous

grooming interactions that had occurred that day. Our

finding that grooming interactions measured long term

were significantly more symmetrical than when measured

http://rspb.royalsocietypublishing.org/
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within bouts or days suggests that chimpanzees are able to

keep track of their grooming interactions over a longer

period of time than a bout or a day, and to balance their

grooming exchanges mainly over repeated interactions.

Reciprocal relationships could also arise due to

mechanisms that do not require keeping track of past

interactions. Rules that may govern the direction of social

exchanges without any direct concern for contingent

reciprocity include random giving, giving equally to

everyone in the group (Gurven 2006), and preferentially

giving to similar individuals (e.g. to individuals of the same

sex or similar rank, or to kin; de Waal & Luttrell 1988). If

individuals directed grooming equally to everyone in the

group, the slope of the relationship between giving and

receiving would be close to zero, because there would not

be any variation between the amount of grooming given

and received among dyads. However, the amount of time

dyads were observed grooming varied considerably

(figure 1), showing clearly that individuals were not

directing grooming equally to all other individuals in the

group. We excluded random giving (i.e. giving more to

those with whom the target spent more time with) and

giving to similar individuals by statistically controlling for

association among individuals in the former case, and sex,

age and rank in the latter. Reciprocal relationships could

also occur if individuals were preferentially grooming kin.

Using current genetic techniques, it is not possible to

reliably estimate the dyadic degree of relatedness between

adults in natural populations in the absence of at least

some information on the parentage of those adults

(Csillery et al. 2006; Van Horn 2008). Because we did

not have such information for this group of chimpanzees,

we were unable to control for kinship. Nonetheless, the

high levels of symmetry in grooming exchanges found in

this study group would only be explained through kin

selection if the majority of the interacting dyads were

related. Studies on this group of chimpanzees (Vigilant

et al. 2001) and on a range of vertebrate species (Csillery

et al. 2006) suggest that at most, 5 per cent of the

dyads in a population are closely related. Furthermore,

the majority of cooperative dyads in another group

of chimpanzees were unrelated or distantly related

(Langergraber et al. 2007), suggesting that most of the

cooperative acts in chimpanzees cannot be explained

through kin selection. In addition, studies on humans and

other primates found that kin reciprocated less symme-

trically than non-kin (Gurven 2006; Frank 2007). These

findings conjointly indicate that the high levels of

reciprocity found in this study are unlikely to be explained

solely through kin selection.

Neither random giving, uniform allocation of grooming

efforts, similarities among individuals nor kinship can

adequately explain the highly reciprocal patterns observed

in this group of chimpanzees. We suggest that chimpan-

zees are able to keep track of previous grooming

interactions with other individuals and reciprocate over

repeated encounters, and not only within a single bout as

has been suggested for non-human primates (Barrett &

Henzi 2002). Previously collected consecutive focal

follows of single individuals of 6–19 days (see §2) revealed

that within this period of time chimpanzees only groomed

12 (range: 6–19 individuals) out of the 21 available adult

grooming partners and on average dyads groomed every

7 days (range: 2–18 days). This indicates that many of the
Proc. R. Soc. B (2009)
dyads groomed at most once or twice per month.

Therefore, in order to maintain reciprocal grooming

relationships, individuals had to keep track of their past

interactions for at least 7 days and up to 18 or more days.

The high levels of grooming reciprocity observed in this

group were similar to those found in other groups of

chimpanzees (matrix correlations, average tKr; Ngogo:

tKrw0.64, Watts 2000; Sonso: tKrw0.61, Arnold &

Whiten 2003; Mahale: tKrw0.78, Nishida & Hosaka

1996), suggesting that our findings are not specific to the

Taı̈ chimpanzees. However, similar data and analyses will

be necessary to explore the time frame used by individuals

to reciprocate helpful acts in other groups of chimpanzees

and other non-human primates.

(a) Proximate mechanisms of long-term

reciprocity

Although the relationship between grooming given and

received may superficially seem to be justified by

mechanisms such as affiliation towards particular individ-

uals (i.e. ‘friendship’), this alone is not a plausible

explanation. In the absence of mechanisms that would

allow individuals to keep track of services given and

received, they would be susceptible to cheating and

reciprocity would probably break down. Models of

reciprocity based on the iterated two-person prisoners’

dilemma game (Axelrod & Hamilton 1981) show how

cooperation is enforced through repeated interactions

between dyads. Keeping track on a long-term basis of past

interactions and possessing the ability to identify ‘good’

and ‘bad’ reciprocators would be selected for if individuals

were following exchange strategies such as ‘tit for tat’

(Axelrod & Hamilton 1981; Trivers 1985). Based on this

strategy, individuals should tend to exchange with good

reciprocators, and if partner choice is possible (Noë &

Hammerstein 1994; Nesse 2001), form long-lasting stable

social bonds with them. Therefore, a tendency to

exchange with particular individuals or ‘friends’ probably

complements these reciprocal relationships. Our findings,

as well as recent evidence from chimpanzees and baboons

showing that individuals have strong and enduring

social bonds (Boesch & Boesch-Acherman 2000; Silk

et al. 2006a; Lehmann & Boesch 2008), groom more

equitably with these preferred partners (Silk et al. 2006b)

and choose, as exchange partners, individuals who have

been good reciprocators in the past (Melis et al. 2006),

support this interpretation.

The proximate mechanisms that enable an individual

to keep track of past interactions could be attitudinal

reciprocity (de Waal 2000; Aureli & Schino 2004; Schino

et al. 2007) or calculated reciprocity (de Waal & Luttrell

1988). Attitudinal reciprocity or ‘emotionally mediated’

scorekeeping depends on an animal having a positive

emotional attitude towards a partner as a consequence of

prior friendly interactions (e.g. grooming), which could be

mediated hormonally (e.g. receiving more grooming from

a specific partner leads to increased b-endorphin

secretion, which leads to a stronger positive emotional

feeling towards that partner, which leads an individual to

give more grooming to that partner, Schino et al. 2007).

Calculated reciprocity requires a detailed cognitive

accounting of the amount of services given and received

(de Waal & Luttrell 1988). Non-human primates are

thought to lack the cognitive abilities, such as good
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memory and planning, that may be required to do long-

term calculated reciprocity (Stevens & Hauser 2004). As a

result of this, non-human primates have been thought

to perceive relationships as a series of discrete events

(Barrett & Henzi 2002). However, an emotionally

mediated mechanism would not require such cognitive

capacities, and this might explain how some non-human

primates, even in the absence of such capacities, can

reciprocate long term (Schino et al. 2007). Nevertheless,

further research specifically addressing this question is

needed to provide more insight into the proximate

mechanisms explaining our results.
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