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How chimpanzees solve collective
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We presented small groups of chimpanzees with two collective action situations, in which action was
necessary for reward but there was a disincentive for individuals to act owing to the possibility of free-
riding on the efforts of others. We found that in simpler scenarios (experiment 1) in which group size
was small, there was a positive relationship between rank and action with more dominant individuals
volunteering to act more often, particularly when the reward was less dispersed. Social tolerance also
seemed to mediate action whereby higher tolerance levels within a group resulted in individuals of
lower ranks sometimes acting and appropriating more of the reward. In more complex scenarios, when
group size was larger and cooperation was necessary (experiment 2), overcoming the problem was
more challenging. There was highly significant variability in the action rates of different individuals as
well as between dyads, suggesting success was more greatly influenced by the individual personalities

and personal relationships present in the group.
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1. INTRODUCTION

Collective action problems (CAPs) arise in situations in
which effortful action is required, at a cost to the
actor(s), and such action results in the distribution or avail-
ability of a shared good of which non-actors may also
benefit. In collective action scenarios, the optimal strategy
for any individual is to free-ride—that is, let others assume
the cost of action yet benefit from the rewards. This
disincentive to action produces what is known as a CAP [1].

One of the best-known examples of a CAP in a
non-human species involves individual variability in
participation in group-territorial conflict among female
lions, in which certain females were prone to lead the
move towards an intruder, whereas others lagged
behind, avoiding the risks of conflict yet benefiting in
the renewed safety of their territory [2]. Other examples
of collective action include aggressive extra-group
encounters in monkeys and lemurs [1,3] and nested
female guarding alliances in dolphins [4].

There are two outstanding questions important to
determining how groups overcome CAPs. First, what
mechanisms allow for impasse being averted? Nunn [1]
suggests different classes of factors that may potentially
promote action, including: (i) asymmetrical benefits and
privileged groups, which would provide extra incentive
for certain individuals to act (e.g. Mitani and Watts
found a positive correlation between male chimpanzee
participation in boundary patrols and mating success,
suggesting that participants are individuals with the most
to gain [5]); (ii) private incentives, additional goods only
received by contributors and (iii) coercion. Second, in situ-
ations where a CAP is successfully overcome, what governs
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the strategies different individuals adopt, and do patterns
in decision-making arise? For instance, it is possible that
rank or tolerance between group members may influence
an individual’s motivation to act.

Among wild chimpanzees, one example of a potential
CAP is group hunting of colobus monkeys. All chimpanzees
in a group are motivated to obtain nutrient-rich scraps of
meat from a monkey carcass. It is important to note the
probability of a male obtaining a scrap does increase with
the number of hunters [6], and therefore, there is an incen-
tive for an individual to act; however, two possible types
of deterrent are also still present. First, hunting always
entails opportunity cost, risk of injury and energy cost.
Second, in the largest groups, hunters and non-hunters
may be equally likely to get some of the prize [6], suggesting
that at least in large party contexts an individual still has an
incentive to free-ride (although this appears to vary by site,
see [6—9]). These factors remain reasons an individual
might limit participation and suggest that hunts can repre-
sent CAPs, especially in large groups. How chimpanzees
overcome the disincentives to action and initiate and
complete successful hunts remains unclear [6,9].

Gilby et al. [6] argue that individual variation in hunt-
ing motivation is the most important factor predicting the
likelihood of a hunt (i.e. solution of the CAP).They ident-
ified certain highly motivated males as ‘impact hunters,’
owing to their critical role in triggering hunts. It remains
unclear which traits are most important for shaping
an impact hunter. Age is unlikely to be a determining
factor, as impact hunters seem to retain this role over
several years [9]. Dominance could potentially have an
effect; however, it is hard to disentangle dominance
from qualities important to hunting ability such as
strength and agility [9]. Skill is most likely essential, and
personality appears central [9].

With few exceptions, experimental approaches ex-
ploring chimpanzee cooperative problem-solving have

This journal is © 2012 The Royal Society
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focused on dyadic interactions [10—13], which limits
their application to more complex, and perhaps more
naturalistic, interactions such as CAPs. Controlled ex-
perimental examination of carefully constructed CAP
scenarios is necessary to enrich our understanding of
the mechanisms underlying the behaviours documented
in such contexts in the field.

Different types of CAP reflect particular payoff struc-
tures. Our experiments are modelled on the Volunteer’s
Dilemma, a scenario in which a shared good is produced
only if at least one individual volunteers to pay a cost.
Each individual wants the good to be produced but
prefers someone else volunteers. This preference leads
some to behave as free-riders, defined as individuals
who receive rewards from the efforts of others without
contributing to their production. However, if no one
else volunteers, all individuals lose [14—16].

In a first experiment, we took the initial step in looking
beyond dyadic interactions to investigate the factors that
potentially govern individual strategy in a shared goods
game. We designed a scenario as follows: groups of chim-
panzees were given access to three indoor testing rooms in
which any individual could choose to push a button result-
ing in juice being dispensed into drinking troughs on the
opposite side of the testing area. We manipulated group
size (such that subjects were either tested in dyads or
triads) and dispersion (such that the juice flowed into
either a single trough or three troughs side by side, with
higher dispersion making the reward less excludable).

Our second experiment had three primary differences
from the first: we made the action cooperative, the
reward was more widely dispersed (but kept constant
across conditions) and we increased the difference between
group sizes. Groups of chimpanzees were tested in a set up
that allowed any two individuals to choose to coordinate
pulling two ends of a rope, which would result in peanuts
being sprayed into an opposing room. Subjects were tested
in either triads or sextets, which should intensify the CAP
and make it more striking for the subjects.

Because of the rivalrous nature of the reward, and the
distance between the action and reward locations, the
principle cost for the actor is a reduction in the amount
of potential reward. While hunting, wild chimpanzees
face more severe costs such as opportunity costs, energy
expenditure and risk of injury, and while it is not an
option to mimic all of these experimentally, it is important
to keep this difference in mind.

We hypothesized that changes to group size and reward
dispersion would alter the payoff structure among sub-
jects, resulting in individuals demonstrating different
strategies and propensities for action dependent on con-
dition. Specifically, that dominant individuals would be
most likely to act across conditions, whereas subordinate
individuals would act more when the reward was more
greatly dispersed and group size was small.

2. EXPERIMENT 1

(a) Subjects

Subjects include 12 chimpanzees housed at the Wolfgang
Kohler Primate Research Center at the Leipzig Zoo,
Germany. Subjects were seven females (age range:
7—16 years old) and five males (age range: 5—33 years
old). Three subjects lived in a social group comprised of
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Figure 1. (@) Close up of the action box and collecting box;
(b) bird’s eye view of the layout used in experiment 1. The
trough used in the 1trough condition is shaded grey.

six individuals; nine subjects lived in a social group
comprised of 17 individuals. See the electronic sup-
plementary material, S1 for more details concerning the
subjects’ sex, age, relations, grouping and living con-
ditions. Subjects were separated into four groups of
three individuals and tested in dyad and triad combi-
nations within these groups. Groups were formed with
the guidance of the keepers to ensure sufficient tolerance
levels between individuals to prevent undue stress and
aggression. A dominance hierarchy for each group was
generated in consultation with the keepers.

(b) Apparatus

The apparatus consisted of four principal parts: an action
box, a collecting box, reward troughs and the tubes that
connected them (figure 1). The action box had an inner
rectangular basin into which juice could be poured by
the experimenter. The action box was connected to the
collecting box (a smaller juice basin attached to an adja-
cent room) by a short clear tube. Continuous pushing
of a button on the action box would cause the level of
liquid in the collecting box to rise until it was high
enough for juice to flow out of the three long tubes
anchored to its top edge, allowing the liquid to become
accessible to the subjects as it moved through the tubes
and spread out in the reward troughs two rooms away.
See the electronic supplementary material, S2 for a
more detailed description.

(c¢) Procedure and design

(1) Indiwvidual introduction to the apparatus

Individuals passed through a series of pre-tests to ensure
that they understood how the apparatus functioned and
were motivated to push the button for the desired
length of time when alone. The pre-tests and test were
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ordered as follows (see the electronic supplementary
material, S3 for more details on each pre-test):

One trough, one room. Subjects were in one room and
had access only to the action box and one drinking
trough (directly underneath), and learned how to
dispense the reward.

One trough, three rooms. Subjects had access to the
action box and one trough placed two rooms away and
learned to dispense juice and then leave the action box
and move to the trough room to retrieve the reward.

Three troughs, three rooms. Subjects had access to the
action box and all three troughs placed two rooms away
and learned that when they dispensed juice it would
spread out in all the troughs.

Half liquid. Same as previous pre-test except that the
amount of juice in the action box was reduced by half
such that subjects had to learn to push longer before
juice was dispensed.

Test. Subjects were separated into four distinct groups of
three individuals. We manipulated two variables (number
of troughs and group size) resulting in four different con-
ditions: dyad-1trough, dyad-3troughs, triad-1trough and
triad-3troughs. Number of troughs was counterbalanced
across groups such that two test groups started with
three troughs and continued to one trough and two
groups received one trough first. Group size followed an
ABA design such that subjects underwent six dyad sessions
followed by six triad sessions followed by six dyad sessions.
Each dyad session consisted of three trials (one for each
possible dyad combination, with each individual being
tested twice). Each triad session consisted of two trials
(again each individual was tested twice).

Subjects began each trial confined to the room with the
reward troughs. A trial began when the door of this room
was raised, allowing all individuals access to the adjacent
room as well as to the room with the action box. Trials
lasted 5 min. The experimenter and keeper were absent
from the testing area throughout the duration of the trial.

(i) Coding and analysis
All trials were recorded by three cameras. One camera
focused on the action box and collecting box, while the
two others were directed at the drinking trough(s). After
each trial, the amount of juice that had been released
was measured. The following variables were later coded
from videotape: (i) latency to first push (latency);
(i) whether the subject pushed the button (push.yn);
(i) the duration of each pushing bout (push_total)
(a bout begins when the subject pushes the button and
ends when they release the button for more than 3 s);
(iv) whether the subject drank from the trough (drink.yn);
(v) the duration of each drinking bout (drink_total)
(a drinking bout begins when the subject drinks or licks
the trough and ends when they stop for 3 or more seconds).
To test whether pushing behaviour (push.yn, pushing
duration) and drinking duration were influenced by
the number of troughs, dominance rank or the size
of the group, we used a generalized linear mixed model
(GLMM) [17]. We included the following predictors as
fixed effects: rank, group size (dyad versus triad),
number of troughs (one versus three; and all interactions
between them up to the three-way interaction), session
number and trial number, and as random effects: trial,
group_id, subject and triad_id. We did two additional
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analyses to test whether the amount released or the latency
to first push were influenced by the number of troughs or
the size of the group, into which we included the following
predictors as fixed effects: group size (dyad versus triad),
number of troughs (one versus three; and all interactions
between them), session and trial and as random effects
group_id and triad_id (see the electronic supplementary
material, S4). Data: doi:10.5061/dryad.b5c1f.

(d) Results

Owing to the small sample size of four triad groups, all
results must be interpreted with caution and we comp-
lement these statistical results with more qualitative
descriptions of behaviour within groups and overall
patterns (see the electronic supplementary material, S8).

In testing whether an individual pushed, we found a
three-way interaction effect between rank, group size
and number of troughs (GLMM, p = 0.0116, electronic
supplementary material, S5). In general, there appears
to be a positive relationship between rank and tendency
to push, with higher-ranking individuals pushing more.
This relationship breaks down in the triad-3troughs con-
dition. Pushing time is more uniformly distributed in the
triad condition. Number of troughs appears to have an
effect only in the triad condition (figure 2).

With respect to pushing duration, we found a two-way
interaction effect between rank and number of troughs as
well as between number of troughs and group size
(GLMM, estimated pypicmc = 0.0010 and 0.0094, respec-
tively; electronic supplementary material, S6). Among
dyads, there is little difference in pushing duration
regardless of number of troughs, while in triads the
middle-ranking individual pushes more in the 3troughs
than in the ltrough condition.

In testing for the factors affecting drinking dura-
tion, we found a two-way interaction effect between
rank and number of troughs (GLMM, estimated
pPmcmc = 0.0001, electronic supplementary material,
S7). In the 1-trough condition, drinking duration was
positively associated with rank, with the most dominant
individual drinking the longest on average. In the 3troughs
condition, drinking durations were almost equal.

Finally, none of the factors had a significant influence
on the amount of liquid released or on latency.

(e) Discussion

In this Volunteer’s Dilemma context, reward dispersion
did affect the payoff expectations of individuals of differ-
ent rank and thus also their willingness to act. In all
conditions except for triad-3troughs, dominants tended
to face a relatively low cost for action, as they could
always be assured a worthwhile portion of the reward
while for subordinates the opposite was true. In the
triad-3troughs condition, however, both dispersion and
rivalry for the reward were maximized and thus domi-
nants were no longer assured a large portion of the juice
after acting (their expected payoff decreased), whereas
subordinates would be more interested in making sure
the reward is produced, as their chance to sneak into
the trough area and drink increased. These changes in
strategy are reflected in figure 2. While dispersion and riv-
alry affected all subjects, what strategies were viable in
each particular group was likely due to interactions
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Figure 2. Median (bar) and quartile (line) pushing probability in 1trough and 3troughs conditions as a function of group and
rank. The GLMM revealed a three-way interaction between group size, rank, and number of troughs (see text). Rank from

highest (1) to lowest (3).

between dominance and group tolerance levels [10,18].
While each dyad and triad had the same dominance
structure (dominant/subordinate in the dyad and domi-
nant/middle/subordinate in the triad), the magnitude
of the differences in rank varied between groups. The
degree of tolerance between individuals also varied.

Overall, role patterns can be summarized as follows
(see the electronic supplementary material, S8 for details
about strategies evident in each group as well as the iden-
tity of group members): pushers tended to be individuals
higher in rank, free-riders tended to be subordinate indi-
viduals in groups with high tolerance levels or subordinate
individuals with particularly tolerant relationships with
the dominant in their group. Dominants who pushed
were always assured a share of the reward, which lessened
the risk of action. It was also the case that individuals
in groups with medium tolerance levels tended to use
flexible strategies, switching roles based on reward dis-
persion. Finally, in dyads with low tolerance if the
subordinate was especially fearful of the dominant, they
generally ended up obtaining scant reward.

3. EXPERIMENT 2
In our second experiment, we sought to exacerbate the dile-
mma (through larger group size and more dispersed reward).

(a) Subjects

Subjects were 12 semi-free ranging residents of the
Ngamba Island Chimpanzee Sanctuary in Lake Victoria,
Uganda (www.ngambaisland.org). Subjects were eight
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males (age range: 8—13 years) and four females (age
range: 8—13 years). See the electronic supplementary
material, SO for details concerning the subjects’ sex, age,
experimental history, grouping and living conditions. All
subjects had demonstrated an understanding of a simi-
lar cooperative rope mechanism in previous studies
[10-12,19]. With input from keepers, six different
groups of six individuals were formed for the test phase.
Each of these groups was further divided into four groups
of three individuals to allow for two group-size conditions.

(b) Apparatus

The principal testing area consisted of two opposing
rooms connected by an overhead raceway. A large
funnel was attached to one room (figure 3). The funnel’s
circular opening was blocked by a sliding piece of Plexi-
glas with a hole at the far end. A rope was guided
around two wooden dowels attached to the Plexiglas
and the ends passed through the cage bars such that
when the two ends were pulled in synchrony, the piece
would slide, the holes align and the peanuts would be
released. A long ramp was attached directly under
where the holes of the funnel and Plexiglas piece aligned,
allowing the peanuts that were released to roll down
across the hallway to a battery-operated feed dispenser
attached to the opposing cage. Once peanuts reached
the feeder, E would start the motor at a distance by
remote. The peanuts (up to 320, depending on how
long the ropes were pulled) would then spray into the
cage. See the electronic supplementary material, S10 for
a more detailed description.
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Figure 3. (a) Close up of the peanut dispenser; (b) bird’s eye
view of the layout used in experiment 2. Note that the pea-
nuts spray into the room opposite where the rope ends are
pulled forcing subjects to climb up to and cross an overhead
raceway to transition from action to reward access.

(¢) Procedure and design

(1) Individual introduction to the apparatus

Rope ends were inserted at a distance which allowed the
subjects to pull alone. They learned to release peanuts
and climb from the action room over to the peanut
room to eat them. See the electronic supplementary
material, S11 for more details.

(i) Dyad pre-test
Cooperation trials. All possible dyad combinations within
each sextet were tested to assess their willingness to
work together to release peanuts. It has already been
demonstrated that tolerance levels have a great influence
on success in cooperative tasks [10], and it was important
to decipher which pairs would work together in a simpler
non-CAP context to potentially better understand their
behaviour in the larger group dynamic. See the electronic
supplementary material, S11 for more details.
Dominance trials. Cooperation trials were followed by
two dominance trials in which an eighth of a watermelon
was placed within reach in the corridor. Pairs were
allowed to enter the baited room through the door furth-
est from the reward. The first individual to reach the
watermelon and to eat all the most attractive bits (flesh
and light green rind) was noted; this individual was con-
sidered dominant over their partner. Once all dyad
combinations had been tested, the results were used to
form a dominance hierarchy of all subjects.
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As members of the first two groups of six
individuals/sextets were non-overlapping, we ran the
dyad combinations through the cooperation and domi-
nance pre-tests and continued with the first two rounds
of the test phase before individuals underwent the remain-
der of the dyad trials in the combinations that would appear
in the remaining four sextets (and four rounds) of the test.

(i) 7Test phase

To equalize subject experience as much as possible, triads
were formed such that each individual appeared in two of
the four triads within each group, and particular dyads
appeared in no more than one triad within each group.
Each individual appeared in three of the six groups.
The majority of dyad combinations appeared in two
groups (the rest appeared only in one).

Triad condition. Groups of three started in the room
where peanuts could potentially be released. In addition,
the room adjacent to the peanut room was open to reduce
the potential for fighting over the reward. Trials started
when the door to the overhead raceway was opened,
allowing free access to the rope room. Trials lasted a
maximum of 2 min.

Sextet condirion. Same as for triad condition, except six
individuals were tested together.

Testing order. Group size was counterbalanced such that
three groups began with the triad condition, and three
groups started with the sextet condition. Subjects experi-
enced three sessions of three trials per condition. Trials
were repeated up to three times if the rope was pulled
out or on the few occasions an individual managed to
pull both ends alone—in this case, the long rope used
in the test was replaced on subsequent trials by a rope
measuring 345 cm, the shortest length that still allowed
for possible success. Each individual trial thus had three
possible ‘takes’ (repeated trials). Original trial outcome
could be success or 2 min—no repetitions needed and
continue to trial 2, or rope out or pulled alone—up to a
maximum of three further repetitions available. All six
groups experienced two sessions of each condition
before adding a third round of each condition.

(d) Coding and analysis

All trials were recorded by four cameras: one focused on
one rope end and the funnel, one directed at the second
rope end, one aimed at the feed dispenser and the area
around it, and one capturing as much of the peanut
room as possible. After each successful trial, the amount
of peanuts released was measured. The variables coded
were: (i) the result of the trial—success (when two indi-
viduals pulled the rope, releasing peanuts) versus no
success (when 2 min elapsed without any action on the
rope or the rope was pulled out); (ii) latency to pull
(iii)) who pulled; (iv) an approximation of how much
each individual ate—could be none (score 0), scrounging
from the floor (score 1) or sitting directly in front of the
feed dispenser (score 2).

(i) Relationship between pulling and feeding. We ana-
lysed whether pulling the rope in a particular trial had an
effect on the respective individuals’ feeding success in that
trial using a GLMM. We also used a GLMM to check
whether cost (pulling the rope) and benefit (food eaten)
might balance out over the sequence of trials within the
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same group (calculating the proportion of trials in which
an individual pulled as well as the average food reward
they got). For each analysis, we fitted a model into
which we included whether or not the individual pulled
in a given trial (or proportion pulling over the course of
trials), the individual’s rank, group size, the session and
order of conditions as fixed effects and the ID of the
group and the subject as random effects (see the elec-
tronic supplementary material, S12.1). Note that for the
main analysis (all GLMMs), we counted any instance of
success whether it occurred on an original trial or a
repeated trial.

(ii) Factors influencing action (i.e. pulling) at an indi-
vidual and dyadic level. To test what determined whether
an individual pulled the rope (yes or no) in a successful
trial, we used a GLMM. Into this, we included group
size, session and order of conditions and all their inter-
actions up to order three as fixed effects. To control for
possible effects of rank, we also included this variable.
The identity of the specific group, subject and individual
trial were included as random effects. Another GLMM
was used to test whether a given dyad pulled the rope in
a successful trial. We included as fixed effects group
size, the rank of the individual, the session and order of
conditions. The identity of the specific group, of the
dyad, of the lower- and higher-ranking individual and
the individual trial were included as random effects (see
the electronic supplementary material, S12.2).

(iii) Time to success. We analysed latencies (on a dyadic
level) using a GLMM in which we included group size, the
rank of the individual, the session and order of conditions
as fixed effects, as well as group, dyad and the identities of
the higher- and lower-ranked individual as random effects
(see the electronic supplementary material, S12.3). Data:
doi:10.5061/dryad.b5cl1f.

(e) Results

(i) Dyad pre-test

In the dyad pre-test, 88 per cent of dyad combinations
had some level of success (45% of pairs succeeded
immediately on all four trials with no mistakes while the
rest were successful on a repeated trial). In comparison,
in the test phase, 41 per cent of dyad combinations
pulled successfully (16% pulled in both the triad and
sextet condition, 20% pulled only in the triad condition
and 5% pulled only in the sextet condition). Of these suc-
cessful dyads, 60 per cent had a perfect success record in
the pre-test, 24 per cent succeeded on a repeated trial
in the pre-test and 16 per cent had never succeeded in
the pre-test.

(ii) Test phase

We found that subjects succeeded in 34.4 per cent of the
triad and 42 per cent of the sextet initial trials. Subjects
did not pull the rope during the entire 2 min trial duration
in 28 per cent of the triad trials and 22 per cent of the
sextet trials. The remaining trials (37.6% and 36% of
the triad and sextet trials, respectively) were repeated
owing to one individual pulling the rope out and/or suc-
ceeding alone. Of these repeated trials, 32 per cent in
the triad condition and 56 per cent in the sextet condition
resulted in success, and in 40 per cent of the triad trials
and 22 per cent of the sextet trials, subjects let 2 min
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feeding score

Figure 4. Influence of rank and pulling on feeding success.
The surface represents results from the GLMM looking at
pulling and feeding over the course of trials. The x-axis rep-
resents rank. Dots above the surface are in black, and dots
below the surface are open. The area of the dots corresponds
to the number of subjects in the respective combination of
pulling rate and rank. Pulling rate is represented on the
y-axis, with 0 indicating no pulling and 1 indicating pulling.
Feeding score is represented on the z-axis: 2 = dispenser,
1 = ground, 0 = none (see methods for more details).

elapse without acting on the rope. In the remaining
trials, subjects were unsuccessful owing to one individual
pulling the rope out.

(1) Relationship between pulling and feeding. To inves-
tigate whether pulling resulted in a cost to the actor, we
analysed whether pulling the rope in a particular trial influ-
enced the respective individuals’ feeding success. Pulling
the rope clearly reduced the amount of food an individual
received (GLMM, p < 0.0001). In addition, higher-rank-
ing individuals received more food (p < 0.0001). The
interaction between rank and pulling was not significant
(p =0.153; electronic supplementary material, S13.1).
The second analysis looked at the costs (pulling the
rope) and benefits (getting food) over the course of trials.
There was a clearly significant interaction, over the
course of trials, between pulling rate and rank
(p =0.005; electronic supplementary material, S13.2).
While among individuals with low pulling rates, dominants
ate more than subordinates, high- and low-ranking individ-
uals who pulled the rope frequently had similar feeding
success. Hence, high-ranking subjects suffered a more
striking cost for pulling than lower-ranking individuals.
There was a greater reduction in the amount eaten by a
dominant puller versus a dominant free-rider than there
was in the amount eaten by a subordinate puller versus a
subordinate free-rider (figure 4).

(i) Factors influencing action. Whether an individual
pulled or not was clearly affected by the factors investi-
gated and the interactions between them. More
specifically, the three-way interaction between group
size, order and session was significant (p = 0.044; elec-
tronic supplementary material, S14), meaning that all
three factors impacted the individuals’ pulling probabil-
ities. But note that rank did not have a significant
impact, in contrast to experiment 1. When individuals
received the triad condition first, the individual pulling
rate started relatively high and decreased as the study pro-
gressed. When individuals received the sextet condition
first, the individual pulling rate started low and increased
in the triad condition (figure 5). Furthermore, pulling
probabilities clearly differed between individuals (likeli-
hood ratio test comparing full model with model not
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Figure 5. Pulling probability in the triad and sextet conditions as a function of order (triad or sextet treatment first) and session.
The GLMM revealed a three-way interaction between group size, order and session (see text). Rank from highest (1) to lowest (3).

including the random effect of subject but everything
else: x*>=88.43, d.f. = 1, p < 0.0001).

We were also interested in investigating whether par-
ticular dyads were more prone to pulling. There was a
clear effect of dyads ()(2 =30.55, d.f. =1, p < 0.0001),
such that certain combinations were more likely to pull
than others (see the electronic supplementary material,
S15 for non-significant results on the factors influencing
dyadic pulling).

(iii) Time to success

Latencies were clearly influenced by the three factors inves-
tigated and their interactions. Specifically, the three-way
interaction was significant (ppcmc = 0.0096, electronic
supplementary material, S16). Regardless of order of con-
ditions (triad or sextet first), latencies tended to increase in
the first condition and decrease in the second condition.
Generally, latencies were longer and changes were bigger
when the sextet condition was received first.

(f) Discussion
The results demonstrate that the experimental design suc-
cessfully engaged subjects in a Volunteer’s Dilemma
scenario, in which there was a distinct cost to acting.
More dominant individuals were better able to feed than
subordinate individuals on a given trial because if they
did not pull, they could guard the position in front of the
dispenser, and if they did pull, they were more likely
than a subordinate to still successfully feed from the
floor. Over the course of trials, dominants had to pay a
higher cost for pulling than subordinates most likely
because if they pulled they could not occupy the coveted
dispenser position and could only feed from the floor.
Pulling rate was clearly affected by group size, order of
conditions and session. It seems most likely that the
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subjects were not able to calculate the complexities of
the dilemma ofthand but adjusted their pulling rates as
they experienced the dilemma reward structure over ses-
sions. It is important to remember that while all group
constellations were unique, individuals reappeared in
more than one group and thus potentially already had
experience in the two group sizes with other individuals.

One result of interest is that in the triad condition,
pulling rates appear to be converging on some low but
stable value in both the sextet first and triad first con-
ditions. For those groups that experienced the sextet
first, pulling rate increases across sessions, likely as a
result of the greater potential for reward in the triad
versus sextet condition. Conversely, in the groups that
experience the triad first, pulling rate declines across
triad sessions and remains low in sextet sessions. The
first decline may be partly a function of their experiencing
the reduced potential for reward relative to the dyad
pre-test which came just before.

While it could be argued that pulling rates decrease
simply as a result of a conditioning and extinction pattern
prompted by receiving less reward, we believe this ex-
planation is unlikely. Extinction from conditioning is
typically very slow, and given the small number of trials
and the incomplete cessation of reward, it is highly unlikely
that extinction would occur in our experimental context.
Furthermore, subjects showed flexibility in their decision-
making, evident in their being motivated to pull when
alone in the first pre-test, then acting or not acting in the
dyad pre-test depending on their partner, and overall, dis-
playing the tendency to pull less when in larger groups than
in smaller ones regardless of order of condition. One may
further note that some subjects who were unwilling to
pull in the dyad pre-test did pull in the test phase when
the amount of reward was reduced but group context
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had changed. Previous experiments have shown chimpan-
zees to be very sensitive to social intricacies in dyadic
cooperative contexts [10—12], and it seems likely that
their behaviour would be similarly influenced in our tests
as well.

In the sextet condition, pulling rates either remain low
(in the sextet first groups) or decline to low values (in
triad first groups), which suggests resistance to solving
the dilemma and potential for breakdown if further ses-
sions were added. The highly significant variability in
the pulling rates of different individuals suggests that cer-
tain subjects acted as ‘impact pullers,’ analogous to the
impact hunters reported by Gilby and co-workers [6,9].
In the experiment, ‘impact pullers’ are highly motivated
to pull the rope in any given trial, regardless of group
size, order of condition or session number. Gilby &
Connor [9] suggest that personality may be a significant
factor determining motivation to initiate and persist in a
hunt, and that those individuals most motivated to do
so precipitate the collective hunt, most likely by reducing
the cost of participation to subsequent hunters. It is poss-
ible that personality may account for some of the variance
observed in pulling rates between individuals. However, it
is still unclear whether these individuals influence success
in the same way in an experimental setting as they do in
the wild. While it has been suggested that an impact
hunter reduces the costs for whoever follows by engender-
ing chaos among the prey and increasing the likelihood
that another hunter may succeed, it is as of yet unclear
in exactly what ways an impact puller reduces the cost
of pulling for another other than by assuring whoever
follows that they have a willing partner and therefore,
that the action would most likely be successful.

Furthermore, we detected a significant variation in
pulling rates between dyads. This suggests that dyadic
dynamics, perhaps revolving around tolerance between
individuals, are also affecting variation in success rates.

4. GENERAL DISCUSSION

These experiments presented subjects with a Volunteer’s
Dilemma in which action was required to release a
reward that could potentially be shared by all individuals
present. As with any CAP, there were higher rewards
associated with free-riding and disincentives to action.
In experiment 1, the dilemma was overcome in all con-
ditions, the typical pattern being that a particular
higher-ranking individual would consistently choose to
push in the majority of trials. The payoff structure
appeared to be influenced by the dispersion of the
reward, the strength of the hierarchy in each group as
well as by the level of tolerance displayed between individ-
uals. These results suggest that in this case, dominance
was the primary force mediating the costs of action.
This is an example of Nunn’s [1] first class of influential
factors: asymmetrical benefits and privileged groups.
Because higher-ranked individuals have the security of
knowing they will be rewarded for their effort, it is in
their interest to produce the goods even when free-
riding occurs, whereas subordinates typically pay a very
high cost for pushing as they are subsequently unable to
gain much access to the reward and thus they tend not
to act. The only exception being when dispersion and riv-
alry are maximized, making it hard for dominants to take
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control of the reward and easier for subordinates to profit.
Similar dominance effects in an experimental CAP have
been observed in pigs [20].

In experiment 2, the dilemma was overcome in most
triad trials but there appeared to be a decrease in action
over sessions in the sextet condition. In our particular
design, because the peanuts were sprayed into the room
and thus highly dispersed, all individuals should have
some motivation to act. The reward distribution was com-
plicated by the fact that individuals learned to sit directly
in front of the dispenser in order to catch the majority of
peanuts. Dominants could use their rank to monopolize
this favourable position if they remained in the peanut
room and did not pull. In triad trials, lower-ranking indi-
viduals may be encouraged to pull because they would
only have to compete with two other individuals; for the
same reason, dominants may be more willing to sacrifice
the dispenser strategy. In the sextet condition, the number
of competitors also vying for a share of the peanuts more
than doubles (going from two to five from the perspective
of the individual actor), and thus subordinates have little
incentive to pull while dominants would be reluctant to
leave the coveted dispenser position. The cooperative
aspect of the CAP in the second experiment also hindered
success as not only one, but two individuals would have to
decide the cost of action was worthwhile. Because of the
changes in dispersion, group size and type of action (indi-
vidual to cooperative), dominance (as an example of
privileged groups) is unlikely to have been a strong mech-
anism leading to overcoming the CAP, particularly in the
sextet condition.

Instead, in experiment 2, significant variation in individ-
ual motivation to act seemed to be the force propelling
success. Impact pullers may have increased chances of
peanuts being released in two ways. First, two impact
pullers could have been tested in the same group and
been willing to collaborate. This may explain in part the
variation in pulling rates between dyads. Second, the
movement of one impact puller towards a rope end may
have acted as a catalyst for another individual deciding
to act, in particular if the second individual could have
access to the rope end under the raceway, which allowed
the fastest return to the peanut room. At present, it is
unclear what characteristics mark the personality of an
impact puller.

The results of these experiments suggest that chimpan-
zees are able to overcome a Volunteer’s Dilemma
scenario, but that they may have a limited set of mechan-
isms available to them to do so. Asymmetrical benefits
accruing from membership in a privileged group
(higher-ranking individuals) may be one solution in
simple small group scenarios. However, when dominants
pay a higher cost for acting or lose opportunities to reap
high rewards, this mechanism breaks down. Impact
actors may play an important role in maintaining levels
of success when general motivation levels are sufficiently
high to encourage interest in collaboration, but in larger
groups, when expected payoff drops, the influence of
these impact individuals weakens. While a couple of sub-
jects in experiment 2 began routinely claiming the
dispenser position and proceeding to vocalize and bang
on the bars and floor, and one individual was observed
reaching towards another who was commonly an actor,
these attention getters did not seem to have a direct



4954 A.-C. Schneider et al. Chimpanzee collective action

effect on the success of the trial. No additional long-term
mechanism for increasing the likelihood that someone
volunteers to produce the shared good, such as increased
coordination allowing for turn-taking, emerged. In this
study, the principal cost of action was reducing the poten-
tial for reward. This is not exactly analogous to
chimpanzee collective hunts where hunters increase
rather than decrease their potential for possessing the
reward or securing larger shares [7]. The costs of hunting
are instead energetic effort and risk of injury. Therefore,
in future, it would be interesting to examine CAP scen-
arios that reflect the payoff structure of hunting contexts
more closely.
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