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Chimpanzees strategically manipulate what others can see
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Abstract Humans often strategically manipulate the in-

formational access of others to their own advantage.

Although chimpanzees know what others can and cannot

see, it is unclear whether they can strategically manipulate

others’ visual access. In this study, chimpanzees were

given the opportunity to save food for themselves by

concealing it from a human competitor and also to get

more food for themselves by revealing it to a human co-

operator. When knowing that a competitor was approach-

ing, chimpanzees kept more food hidden (left it covered)

than when expecting a cooperator to approach. When the

experimenter was already at the location of the hidden

food, they actively revealed less food to the competitor

than to the cooperator. They did not actively hide food

(cover up food in the open) from the competitor, however.

Chimpanzees thus strategically manipulated what another

could see in order to maximize their payoffs and showed

their ability to plan for future situations.
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Future planning � Chimpanzee

Introduction

Humans can withhold information from competitors or

highlight information for cooperators—something that one

can already see in children as young as 2.5 years (who

probably have played competitive and cooperative games

with peers and adults; Flavell et al. 1978). By 4 years of

age, children flexibly adjust their strategies for competitors

and cooperators and are even capable of creating false in-

formation like creating false trails to mislead competitors

(Sodian et al. 1991). Both withholding information and

misleading competitors are behaviors considered as tactical

deception (see Whiten and Byrne 1988).

Although non-human primates (henceforth: primates)

can infer what others can and cannot see and what they

have seen in the past (for reviews, see Call and Tomasello

2008; Tomasello et al. 2003; Whiten 2013), little is known

about whether they can use this information to strategically

manipulate others. Most evidence stems from research on

deceptive behaviors. Experimental results suggest that

primates conceal information from competitors by hiding

themselves (de Waal 1998; Gygax 2000; Kummer et al.

1996) or by refraining from doing certain actions while

being observed. For instance, subdominant chimpanzees

(Hirata and Matsuzawa 2001; Menzel 1974) and manga-

beys (Coussi-Korbel 1994) who know the location of hid-

den food avoid accessing it when the dominant can see

them, and rhesus macaques and ringtailed lemurs avoid

approaching food near a human competitor who was

looking at the food over one who could not see it (Flom-

baum and Santos 2005; Sandel et al. 2011). Other studies

show that chimpanzees prefer the hidden route to food over

the visible route when interacting with a human competi-

tor, and a quiet route over a noisy one (Hare et al. 2006;

Melis et al. 2006).
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Yet, some studies also investigated apes’ manipulative

strategies in cooperative contexts. For instance, great apes

are able to draw the cooperator’s attention to hidden food

(Call and Tomasello 1994; Leavens et al. 2004; Menzel

1999; Roberts et al. 2014) or tools (Call and Tomasello

1994; Gómez 1998; Zimmermann et al. 2009) that they

cannot reach themselves.

However, none of these studies systematically investi-

gated whether chimpanzees use their manipulative strate-

gies flexibly, i.e., adopt them to intentions of their

counterpart (competitive/cooperative) in the same setting.

This is surprising, given that flexibility is one of the

cornerstones of intentional deception (Whiten and Byrne

1988). There is a set of studies that originally aimed at

investigating intentional communication, in which primates

could inform, not inform, or mislead an either cooperative

or competitive experimenter about the location of hidden

food, which they could not reach themselves (Anderson

et al. 2001; Mitchell and Anderson 1997; Woodruff and

Premack 1979). In the original study by Woodruff and

Premack (1979), four chimpanzees were trained to point to

the baited of two containers to receive the covered food;

after they reliably pointed to the baited container, they then

faced either a competitive or a cooperative trainer. If they

pointed correctly in the presence of the collaborator, they

received the food. In contrast, in the presence of the

competitor they would not receive the food if they pointed

to the baited container, but to the unbaited one. While

chimpanzees were able to guide the cooperator’s attention

to the baited container from the beginning, they did not

behave differently with the competitive trainer within the

first 24 trials, and it took between 60 and 120 trials until

they discriminated between the trainers. Over the course of

the study, the apes increasingly withheld behavioral cues

about the food’s location from the competitor, and two

subjects progressed to actively (deceptively?) pointing to

the unbaited container, but only after more than 200

training trials.

Similar studies with capuchin monkeys (Mitchell and

Anderson 1997) and squirrel monkeys (Anderson et al.

2001) required even longer training. Anderson et al. (2001)

explicitly framed their task as a training task, but even after

400 trials, only one of the three squirrel monkeys reliably

indicated the baited container to the cooperator, and only

one withheld information from the competitor (while not

succeeding in the cooperative situation). Two of the three

studied capuchin monkeys showed improvement in per-

formance over time, but there was no reliable difference

between the conditions before 450/650 trials (Mitchell and

Anderson 1997).

There are two major problems when interpreting these

studies in terms of deceptive strategies. First, all subjects

experienced a helpful trainer in a pretest for a considerable

number of trials (24 for chimpanzees, 80–110 for capuchin

monkeys, and 500–600 for the squirrel monkeys), which

might have made it harder for them to switch to a com-

petitive mode. Second, the test itself was the first situation

in which subjects could learn about the differing roles of

the trainers, and with a vast number of trials, there was a

substantial amount of learning opportunities for simple

rules such as ‘‘If the cooperator approaches, point to the

baited cup; if the competitor approaches, point to the un-

baited cup.’’ This renders it impossible to exclude condi-

tional discrimination learning as an explanation (Anderson

et al. 2001; Heyes 1993, 1998). Thus, while these results

indicate that primates can learn to withhold information

from competitors, they do not provide evidence for de-

ceptive, flexible strategies.

The first question in our study therefore was whether

chimpanzees use their manipulative strategies flexibly, i.e.,

do they adapt them in the same setting depending on the

intentions of their counterpart and do they so without

previous learning experience. Second, we asked whether

chimpanzees are able to actively hide objects from a

competitor. Despite the positive findings on primates

keeping objects or acts hidden from competitors, there is

surprisingly little known about their ability to actively hide

objects from others—a skill that is present in human chil-

dren already by the age of 2.5 years (Flavell et al. 1978). A

broad range of other species actively hide objects such as

their nests, eggs, food, or offspring (Caro 2005; Vander

Wall 1990), but for primates, there are only some anec-

dotes (Whiten and Byrne 1988) that indicate that they hide

body parts from dominants, e.g., their erected penis or their

fear grimace (de Waal 1986, 1998). Clearly, the hiding

behaviors of many species are low-level, hard-wired re-

sponses largely devoid of cognitive content (Mitchell and

Thompson 1986), but for primates, there is a lack of ex-

perimental evidence for active hiding of objects, even in its

most basic form.

We thus tested chimpanzees’ hiding skills and their

flexibility in a feeding context with a clear separation of the

learning and the test phase. In an initial training, chim-

panzees could passively learn about the role of the ex-

perimenter (cooperative/competitive). In the test,

chimpanzees could then actively hide food (which they

could access later) from the competitor who would other-

wise steal it from them. They could also passively keep

covered food hidden. In the other condition, they could

actively reveal hidden food to the collaborator who would

give it to them or passively keep visible food uncovered.

We measured whether chimpanzees hid or revealed food

depending on the type of experimenter they faced (coop-

erative/competitive) both before and after the ex-

perimenter’s arrival (anticipation/reaction phase). If

chimpanzees hid food from a competitor and revealed it to
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a collaborator, this would demonstrate flexible manipula-

tion of others’ perceptual states. Moreover, if they acted

prior to the experimenter’s arrival by hiding food only

when anticipating a competitor, but not when anticipating a

collaborator, this would be evidence of strategic future

planning—a skill that is present in food-caching birds

(Cheke and Clayton 2012; Correia et al. 2007; Raby et al.

2007), but despite some positive findings both from the

wild (Janmaat et al. 2014; van Schaik et al. 2013) and from

experimental studies (Dufour and Sterck 2008; Mulcahy

and Call 2006; Osvath and Osvath 2008) still under debate

in great apes (Roberts 2002; Shettleworth 2010; Sudden-

dorf et al. 2009). To our knowledge, this is the first study

investigating whether chimpanzees can actively hide ob-

jects from others (and not just passively keep them hidden).

Method

Subjects

Twenty-four chimpanzees (Pan troglodytes; 50 % females)

participated in this study, all living at Ngamba Island

Sanctuary (www.ngambaisland.com), Uganda (mean age

17.4 years, range 12–28). All apes came to the sanctuary as

orphans as a result of the illegal bushmeat trade and were

then raised by humans together with peers and later often

adopted by conspecific foster mothers. They all lived in

social groups at the time of testing and could move freely

in a 100-acre rainforest during the day. All of them had

experience with experimental testing due to previous re-

search at the sanctuary, but had never participated in

studies on hiding. Subjects were fed according to their

regular diet and never food or water deprived.

Materials

The apparatus consisted of a green box (69 9 31 cm) with

four food trays outside the chimpanzees’ enclosure

(Fig. 1). Subjects could access one side of the box and push

each tray to the left or right with their fingers. They could

not access the rewards (banana slices) on the trays. Half-

opaque, half-transparent Plexiglas covers topped each tray.

Two of the covers were opaque on the right and two on the

left. By moving a tray, the subject could hide the food

underneath the opaque cover side or make it visible un-

derneath the transparent side. The four covers could be

interchanged for counterbalancing. From the two possi-

bilities to hide the food—moving an occluder in front of it

or moving it behind the occluder, we chose the latter as this

is the easier action for human infants (Flavell et al. 1978;

McGuigan and Doherty 2002).

The experimenter could slide open the covers from her

side and access the rewards. Above the apparatus was a

Plexiglas panel with four holes, each corresponding to one

tray. They were usually shut by a transparent trap door on

the experimenter’s side, but the experimenter could open it

to give the subject access to the rewards.

Design

We used a between-subject design with 12 chimpanzees

per condition, counterbalanced for age and sex. Each

subject first had to pass an apparatus familiarization before

she could move on to training (three sessions) and test

(three sessions). We administered four trials per daily

session, summing up to 12 training and 12 test trials.

Procedure

Apparatus familiarization

This ensured that subjects could manipulate the position of

the trays. First, the apparatus (without covers) was out of

reach of the subject and baited with banana. The ex-

perimenter demonstrated how to move the trays. She then

installed the apparatus within reach of the subject. To pass

the criterion, subjects had to move each tray at least twice

to each side. The experimenter randomly fed the subject

peanuts to keep up their attention. The session ended when

the subject reached criterion or after 25 min. On average, a

familiarization session took 20 min (95 % CI [17.6; 22.4]).

Three subjects needed a second session to pass the criterion

(Namukisa, Nani, Pasa).

Training

This served to acquaint chimpanzees with the role of the

experimenter (competitive/cooperative) and the course of

events. The subject could see the apparatus, but could not

reach it. First, a keeper baited all trays and arranged the

apparatus according to a predefined, counterbalanced

scheme (0/50/100 % of rewards visible). The keeper then

left, the experimenter kneeled down one meter from the

apparatus with her back turned to the subject, and remained

there for 45 s (anticipation phase). Next, she approached

the apparatus. Her behavior now differed between

conditions:

(a) Competitive She removed all rewards she could see

and put them in a bucket. She kept observing the

apparatus for 45 more seconds (reaction phase) and

then opened the trap door above the apparatus and

left with the bucket. The keeper came back, opened
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all covers, let the subject get the remaining banana

through the open trap door, and closed it.

(b) Cooperative The experimenter fed all rewards to

the subject she could see, kept observing the

apparatus for 45 more seconds (reaction phase),

and then left. The keeper came back in with a

bucket, opened all covers, and put the remaining

food in the bucket.

Then a new trial started in both conditions: The keeper

re-baited the apparatus, rearranged the covers and left (with

the bucket in the competitive condition).

Test

The procedure was the same as in the training, but now the

apparatus was within reach of the subject and she could

manipulate whether the food was visible or hidden. When

the trap door was opened in the competitive condition,

subjects could now reach into the apparatus and get the

remaining hidden banana themselves. Note that both con-

ditions thus had a competitive and a cooperative compo-

nent (as the keeper always behaved the opposite way of the

experimenter, e.g., the keeper was cooperative when the

experimenter was competitive); this was important for the

purpose that chimpanzees received the same amount of

rewards in both conditions and behavior differences could

not arise due to differential rewarding.

Data scoring and analysis

We counted the number of rewards hidden after the an-

ticipation phase (t1) and the reaction phase (t2) (range

0–4). As the starting number of hidden rewards differed

between trials, we calculated hiding scores for t1 and t2 by

subtracting the number of rewards hidden (H) at the be-

ginning of the phase from these numbers, i.e., score at

t1 = H(t1)-H(t0) and score at t2 = H(t2)-H(t1). The

scores at t1 thus ranged from -4 (all pieces hidden at start,

but then revealed) to ?4 (all pieces visible at start, but

hidden thereafter). As all visible rewards were gone at t1

(either fed or removed), tray movements during the reac-

tion phase could only lead to revealing. Scores at t2 hence

ranged from -4 to 0. Scores for t2 were only calculated if

there were rewards left at t1. We also looked at only the

rewards hidden at the beginning and calculated the pro-

portion of rewards that were revealed by the subject. We

did the same for rewards visible at the beginning that were

later hidden by the subjects.

A second independent observer coded a random sample

of 20 % of the data. The inter-rater agreement was excel-

lent (Cohen’s kappa = .98, p\ .001).

We additionally coded the time not spent at the appa-

ratus in the reaction phase as an indicator for inhibitory

behaviors. We used independent-sample t tests when

comparing between conditions, one-sample t tests to

compare to chance, and a repeated-measures ANOVA

Fig. 1 Experimental setup (online version in color). The big arrow

indicates how the transparent Plexiglas panel can be opened to give

the subject access to the apparatus through the wholes in the bars

above the apparatus. Each of the four trays with banana could be

moved by the subject to underneath the opaque cover side and back

1072 Anim Cogn (2015) 18:1069–1076

123



(with session number as within-subject factor and condition

as between-subject factor) to compare between sessions.

Results

Overall, chimpanzees were more successful in the coop-

erative than in the competitive condition, indicated by the

percentage of bananas received, t(22) = 13.06, p\ .001

(cooperative: 91.7 %; competitive: 29.2 %) (Fig. 2). The

hiding scores after the anticipation and the planning phase

are depicted in Fig. 3.

Anticipation phase

Chimpanzees hid significantly more food in the com-

petitive than in the cooperative condition, t(22) = 2.14,

p = .044. In the competitive condition, 58 % of subjects

had a positive hiding score, while in the cooperative con-

dition, only 25 % did so. This trend was evident already in

the first trial (competitive: M = 50.0 %; cooperative:

M = 41.6 %; v2(1, 22) = .20; p = .65). However, in none

of the conditions, the hiding scores differed significantly

from chance (cooperative: t(11) = 1.56, p = .15; com-

petitive: t(11) = 1.49, p = .17), i.e., they did not system-

atically hide or reveal food. When considering only pre-

hidden rewards, chimpanzees kept significantly more of

them covered in the competitive condition (73.4 %) com-

pared to the cooperative condition (56.2 %), t(22) = 3.16,

p = .005. In contrast, there was no difference between

conditions in actively hiding rewards that were visible at

the beginning, t(22) = .51, p = .62.

Reaction phase

As all visible rewards were removed right before the be-

ginning of this phase (either removed or fed to the subject),

all rewards were hidden at start and chimpanzees could

only reveal food or refrain from doing so. In both condi-

tions, there were significantly fewer rewards hidden than at

start (cooperative: t(11) = 13.07, p\ .001; competitive:

t(11) = 5.51, p\ .001), implying that chimpanzees suc-

cessfully revealed food to the collaborator, but also lost

food to the competitor. However, chimpanzees revealed

significantly fewer rewards in the competitive condition

(48.2 %) than in the cooperative condition (84.1 %),

t(22) = 2.78, p = .011. They achieved this by engaging in

various behaviors, particularly by spending more time

away from the apparatus in the competitive condition

(average sum over 12 trials: M = 2.1 min, SE = .5)

compared to the cooperative condition (M = .6 min,

SE = .2), t(15) = 2.76, p = .014.

Fig. 2 Mean percent of banana

pieces (out of 4) chimpanzees

received in each of the 12 trials

of the cooperative (straight line)

and the competitive condition

(dotted line). Error bars refer to

95 % confidence intervals
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We investigated learning effects by comparing scores

between the three sessions. We found no learning effects

in the anticipation phase, F(2, 44) = 2.2, p = .12,

g2 = .09 (Online Resource, Fig. S1). In contrast, there

was a significant session–condition interaction for the

reaction phase, F(1, 22) = 6.69, p = .017, g2 = .23.

Chimpanzees revealed less over time in the competitive

condition, F(2, 22) = 5.92, p = .009, g2 = .35, while

their hiding behavior stayed the same in the cooperative

condition, F(2, 22) = .45, p = .65, g2 = .04 (Online

Resource, Fig. S2). In pairwise post hoc comparisons with

Bonferroni correction, we found that this was due to a

significant increase in hiding in the last compared to the

first session, p = .031 (the other pairwise comparisons

were nonsignificant).

Discussion

Chimpanzees were highly successful in revealing food to a

collaborator who gave it to them; they were less successful

in hiding food from a competitor who removed the food.

However, they flexibly adjusted their behavior to the dif-

ferent experimenters in two important ways.

First, they kept significantly more food hidden when

anticipating the approach of the competitor as compared to

the collaborator. This implies that chimpanzees anticipated

the experimenter’s intentions based on the training and

adjusted their strategy accordingly. However, while chim-

panzees successfully revealed fewer hidden rewards in the

competitive condition, they did not actively hide those

rewards that were visible at start. Second, after the ex-

perimenter arrived at the food, the chimpanzees revealed

significantly less food to the competitor than to the

collaborator.

These results confirm previous findings that chim-

panzees refrain from revealing hidden food in the presence

of a competitor (Hirata and Matsuzawa 2001; Menzel

1974; Woodruff and Premack 1979) and are consistent with

other findings showing that chimpanzees indicate their

presence for a collaborator (Roberts et al. 2014; Woodruff

and Premack 1979). While it was unclear in previous

studies whether chimpanzees do so by trial-and-error-

learning, subjects in our study kept more food hidden from

Fig. 3 Average hiding score in

the anticipation and the reaction

phases. Positive and negative

values indicate evidence of

hiding visible and revealing

hidden banana pieces,

respectively. The score ranges

are [-4; ?4] for the anticipation

phase and [-4; 0] for the

reaction phase. Error bars refer

to 95 % confidence intervals
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the competitor already from the first trial on (although the

difference was not significant for the first trial), after

having observed the experimenter’s behavior in the train-

ing, but devoid of any learning experiences concerning the

effect of their own hiding/revealing actions. As in previous

studies (Call et al. 2004; Call and Tomasello 1998; Pre-

mack and Woodruff 1978), they thus proved an under-

standing of others’ intentions or goals. One could still

argue that they have formed an association such as ‘‘food

visible—good’’ in the cooperative condition and ‘‘food

visible—bad’’ in the competitive condition. However,

forming such a rule was not straightforward as the training

was non-differentially rewarded—in both the competitive

and the cooperative training, the subject received 50 % of

the rewards (either the experimenter fed them the 50 %

visible rewards in the cooperative training or they received

the 50 % hidden rewards a couple of seconds later from the

keeper). We thus do not think that simple association can

account for the chimpanzees’ behavior—rather, they

combined their knowledge about the experimenter’s vision

and her goals inferred from the training and acted ac-

cordingly in the test.

Interestingly, although chimpanzees kept more covered

food hidden from the competitor, they did not actively hide

visible food from her, although it was clear from the ap-

paratus training and from their active revealing in the test

that they knew how to move the food. The reduced rate of

revealing in the competitive condition indicates that sub-

jects understood something about the negative conse-

quences of the competitor seeing the food. Still, they lost a

significant amount of food to the competitor by revealing it

to her. One reason for this could be difficulties with in-

hibiting actions in the presence of food (see Boysen 1996;

Boysen et al. 2001). Engaging in distracting behaviors such

as leaving the apparatus might have helped them to over-

come these difficulties (see Evans and Beran 2007, for a

study on self-distraction to overcome impulsivity in a food

accumulation task). Also, chimpanzees did not actively

prevent her from seeing the food by covering it. Although

great apes are proficient in object permanence (Call 2001),

this could be due to a reluctance to make food ‘‘disappear’’

that they can already see. It might also not lay in their

natural behavioral repertoire to actively hide objects, and

our small number of trials might not have been enough for

them to learn it. More learning opportunities, as usually

experienced by human children, might significantly in-

crease apes’ performance. However, it is also possible that

active misleading is a cognitive challenge for them.

Our results support recent findings that great apes and

corvids do not just react to current states, but also plan for

the future situations (Mulcahy and Call 2006; Osvath and

Osvath 2008; Raby et al. 2007). Chimpanzees can not only

save tools (Mulcahy and Call 2006; Osvath and Osvath

2008) or stones (Osvath 2009) for future use, but also

hidden food for a safer situation later. They successfully

inferred others’ intentions and flexibly used this knowledge

to maximize their payoffs.
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