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Abstract A new laboratory procedure which allows the
study of deceptive behavior in nonhuman primates is de-
scribed. Pairs of tufted capuchin monkeys faced each other
in a food-competition contest. Two feeder boxes were
placed between the monkeys. A piece of food was placed
in one of the boxes. The subordinate individual was able
to see the food and to open the box to obtain the bait. A
dominant male was unable to see the food or to open the
box but was able to take the food once the box was
opened by the subordinate. In experiment 1, two of four
subordinate monkeys spontaneously started to open the
unbaited box first with increasing frequency. Experiment
2 confirmed that this “deceptive” act was not due to a
drop in the rate of reinforcement caused by the usurping
dominant male, under the situation in which food some-
times automatically dropped from the opened box. In ex-
periment 3, two subordinate monkeys were rerun in the
same situation as experiment 1. One of them showed
some recovery of the “deceptive” act but the other did not;
instead the latter tended to position himself on the side
where there was no food before he started to open the box.
Although the results do not clearly indicate spontaneous
deception, we suggest that operationally defined sponta-
neous deceptive behaviors in monkeys can be analyzed
with experimental procedures such as those used here.

Keywords Socia intelligence - Tufted capuchin monkeys -
Deception

Introduction

In their seminal book, Machiavellian Intelligence, Byrne
and Whiten (1988) proposed that advanced human intelli-
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gence has evolved through managing complicated and re-
active social environments. If we accept this hypothesis,
how nonhuman primates manipul ate others through decep-
tion is one of the core issues in understanding the evolu-
tionary background of human intelligence.

Deception may not require higher intelligence; for ex-
ample, mimicry observed in many insects lacks flexibility
and deceptive intention (strategic deception: Byrne 1995).
However, the type of deception relevant to the evolution
of intelligence involves withholding or actively convey-
ing incorrect information to others, and thisiswhat wein-
tend to analyze in this paper.

Many anecdotal observations suggest that some non-
human primates may show this type of deceptive behav-
ior. For instance, Goodall (1986) reported that a weaning
infant chimpanzee pretended to be scared of something to
be allowed onto the mother’s back. Goodall herself ob-
served nothing scary in the vicinity. De Waal (1982) de-
scribed how an adult male chimpanzee, who had been
wounded in a fight against the alpha male, walked as if
lame only in front of the alpha mae. Byrne (1995) re-
ported that a juvenile chacma baboon screamed as if he
had been hurt by a female who was about to dig up a tu-
ber, which resulted in his mother driving the female away
and the juvenile eating the food. In a semi-naturalistic ex-
periment, Menzel (1974) found that a chimpanzee who
witnessed an experimenter hiding food deceptively led a
dominant individual away from the food. Similar behav-
ior was observed in another study in which chimpanzees
did not know who had witnessed the food being hidden
(Matsuzawa 1991). Even a hon-ape species, the white-col-
lared mangabey, has been reported to engage in similar be-
havior (Coussi-Korbel 1994). All of these episodes are sug-
gestive but open to conflicting interpretations.

Severa studies have analyzed operationally defined
deceptive behaviorsin more controlled settings. Woodruff
and Premack (1979) trained four chimpanzees to point out
abox containing food to a“ cooperative’ trainer. After many
sessions in which a“ competitive’ trainer ate the food when
he/she found it in the box, two of the subjects started to
point to the empty box when the competitive trainer ap-
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proached. Such differential pointing has also been demon-
strated in tufted capuchin monkeys (Mitchell and Ander-
son 1997) and squirrel monkeys (Anderson et al., in press).
Thus it is clear that nonhuman primates can learn to be-
have deceptively as aresult of intensive training, but it is
difficult to conclude that this“ deceptive” behavior reflects
intentionality as opposed to a simple conditional discrim-
ination. Another problem is that the subjects in the above
studies were trained to deceive humans. Nonhuman pri-
mates have been selected to behave adaptively in natural
environments; thus they should be better at handling so-
cia situations involving conspecifics.

In this paper, we describe a new laboratory procedure
which allows us to analyze an operationally defined de-
ceptive behavior between nonhuman primate conspecifics.
This behavior devel ops spontaneously across sessions with-
out explicit training. Using such procedures we may be
able to analyze the ability for deception by nonhuman pri-
mates in more detail through more systematic modifica-
tion of relevant experimental parameters than is possible
in naturalistic situations.

Experiment 1

We set up an experimental situation in which two individ-
uals, one dominant and the other subordinate, faced each
other to compete for afood item placed between them. A
piece of food was deposited in one of two boxes located
between the monkeys. Only the subordinate monkey was
able to see the bait and to open the box to obtain the bait.
However, the dominant monkey was able to usurp the bait
once the box was opened. The subordinate monkey was
able to distract the dominant monkey by opening the empty
box first, before switching to the baited box. We analyzed
how this tactic of “reverse opening”, the operationally de-
fined “deceptive” behavior in this situation, would develop
as the contest was repeated without any explicit training.

Methods
Subjects

Five tufted capuchin monkeys (Cebus apella) provided by
the Primate Research Institute, Kyoto University, by way
of its Cooperative Research Program, participated. They
were kept in a group cage measuring 180 cm (width)x75
cm (depth)x230 cm (height). The dominant individual,
Heiji, was a 6-year-old male, who played the role of “rob-
ber”. The four subordinate monkeys were Zilla (6-year-
old female), Kiki (4-year-old female), Theta (4-year-old
female), and Pigmon (2-year-old male); they performed
the role of “opener”. All the monkeys had experience of a
matching-to-sample task using a touch panel, and all ex-
cept Pigmon had experienced object-choice experiments
involving human attention cues (Vick and Anderson 2000).
Zillawas pregnant at the start of the study and gave birth

after experiment 1. The subjects were not deprived of food.
They were given a full ration in the evening after al the
scheduled experiments were completed. For the experimen-
tal sessions, the subjects were transported to an experimen-
tal cage in the adjacent room using a small transport box.

Apparatus

Two acrylic experimental cages measuring 46 cm (width)x
46 cm (depth)x52 cm (height) were used. The front wall
of each cage had an opening 10 cm (height)x4.5 cm (width)
at either side to allow the subjects to reach for objects
placed outside of the cage. The bottom of the opening was
22 cm from floor level and the side of the opening was 3 cm
from the side panel of the cage. The two openings were
31 cm apart. The front walls of the cages faced each other.
Two feeder boxes measuring 13 cm (width)x11 cm (depth)x
6 cm (height) were placed between the cages. Each feeder
box was directly in front of each opening of the cage,
9-12 cm from the dominant monkey and 17—-27 cm from
the subordinate. These distances were adjusted with regard
to the body size and behavior of the subjects. A schematic
illustration of the experimental setup appearsin Fig. 1.

The feeder box (Fig.2) was devised to meet the fol-
lowing three conditions: (1) it was easily opened from one
side but hard to open from the other side; (2) the food in
the box was visible only from the opener’s side; (3) once
the box had been opened, the opener could grasp the food
quickly but the opponent required more time to do this.
Thelid of the box glid downwards when asmall handle at-
tached to the lid was pulled upwards. The box was made
of transparent acrylic board but all parts except the lid
were covered by opague sticky tape. The bait was placed
in the box out of view of the dominant monkey.

A large opaque board and alarge transparent board were
used to physically and/or visually isolate the monkeys
from the feeder box during intertrial intervals and the bait-
ing process.

Table
Food box

Openin ;o
\ __~ Opening

Dominant monkey

Subordinate monkey

Opaque screen \
Food

Transparent screen

Fig.1 A schematic drawing of the experimental setup
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Fig.2 Thefood box used in experiment 1. Food is visible and the
lid can be opened only from the side of the subordinate monkey

Procedure

Preliminary training. Heiji, the dominant monkey, was
trained to pick up a piece of food, apple or sweet potato,
from the opened feeder box by groping “blindly”. Two fully
transparent boxes were placed with the no-lid side towards
the monkey in the experimental cage so that the monkey
could not open the box himself. The experimenter showed a
food item to the monkey and then opened the lid of one of
the boxes, placed the food inside, then closed the lid. About
5 s later the experimenter opened the baited box again and
allowed the monkey to grope inside it. Across sessions the
no-lid side of the boxes was gradually rendered opague by
increasing the area covered by sticky tape. This training
was conducted opportunistically for 2 weeks until the mon-
key consistently obtained the bait. Subsequently, the experi-
menter placed the opaque screen between the monkey and
the feeder boxes before hiding the food. After removing the
screen the experimenter opened the baited feeder. Twenty-
two sessions of 20 trials were conducted until the monkey
readily obtained the food from the opened baited box.

The four subordinate monkeyswere individually trained
to open the baited feeder box by pulling the handle on the
lid to obtain the bait. After the monkeys were trained to
open the box and retrieving the food, two boxes were
placed with the lid side facing the subject in the experi-
mental cage. The experimenter placed the transparent screen
between the monkey and the boxes. Next the experi-
menter placed a piece of food in one box. About 5 s later,
the screen was removed and the monkey was allowed to
open the baited feeder. Daily sessions of 20 trials were
conducted until the monkeys opened the baited feeder on
every trial. This training required 20, 19, 18, and 18 ses-
sions for Zilla, Kiki, Theta, and Pigmon, respectively.

Contest. Two monkeys, one dominant (Heiji) and the other
subordinate, were placed in the experimental cages (see
Fig.1). Two feeder boxes were placed with the lid side
facing the subordinate. The experimenter first placed the
opaque screen between the dominant monkey and the
boxes and the transparent screen between the subordinate
monkey and the boxes. The experimenter next deposited a
piece of food in one box. Thetrial started with removal of
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Fig.3 Proportion of occasions on which the baited feeder was
opened first during all sessions of experiment 1

the opague screen; the dominant monkey was on standby.
Five seconds later the transparent screen was removed,
and the subordinate monkey was allowed to open the
boxes. The trial ended when one of the monkeys obtained
the bait. Sessions consisted of ten trials. The location (left
or right) of the baited box was randomized across trials at
50% probability. Trials were filmed using three video
cameras, one from behind the subordinate monkey to
record the dominant’s behavior, one from behind the dom-
inant to record the subordinate’s behavior, and the third
from a lateral position to record the overal scene (Sony,
CCD-SC65, CCD-TR3000, and CCD-TRV90). Zilla, Kiki,
Theta, and Pigmon participated in eight, six, six, and seven
daily sessions, respectively, while Heiji, the dominant male,
participated in every session.

Results and discussion

All the subordinate monkeys learned to open the baited
box first on 100% of trials in the last six sessions of pre-
l[iminary training (i.e., 120 trials).

Figure 3 shows the percentage of openings of the
baited box first by each subordinate monkey across all
sessions. Zilla opened the baited box first in all 80 trials.
Kiki did so in 58 out of 60 trials. However, the remaining
two monkeys opened the unbaited box first in over 10%
of the trials (Theta: 9 out of 57, Pigmon: 9 out of 70 tri-
als). Thisbehavior is hereafter referred to as “ reverse open-
ing”. Theta performed reverse opening for the first time
on the 13th trial (2nd session), while Pigmon did so on the
22nd trial (3rd session). The number of times reverse open-
ing was observed in each session appearsin Table 1.

There are at least two possible interpretations of fairly
consistent reverse opening by two monkeys. One is that
the monkeys were spontaneously trying to deceive the op-
ponent. The other is that the monkeys' performances be-
came more erratic due to the decreased probability of re-
ward because of the usurping dominant opponent. Experi-
ment 2 addressed the latter possibility.
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Table 1 The number of training trials (TR) and reverse opening
trials (RO) for Theta and Pigmon in each session of experiment 1

Session
Subject TR 1 2 3 4 5 6 7 Tota
Theta TR 10 7 10 10 10 10 57
RO 0 1 5 1 0 2 9
Pigméon TR 10 10 10 10 10 10 10 70
RO 0 0 2 1 3 1 2 9
Experiment 2

In order to test the effects of a decrease in the probability
of reward on box-opening behavior, we devised a situa-
tion where there was no opponent but the probability of
reward was controlled.

Methods
Subjects

Subjects were the two monkeys who consistently performed
reverse opening in experiment 1, Theta and Pigmon.

Apparatus

We dlightly modified the feeder boxes, as shown in Fig. 4.
A small hole was opened at the bottom. This hole was
usually plugged by a magnetic plate. The food was placed
directly on this plate. When a string from the handle of the
lid was tied to a hook on the underside of the plate, open-
ing the lid of the box resulted in instantaneous loss of the
food. However, when the same string was tied to the hook
attached to the bottom of the feeder box, opening the lid
gave access to the food.

Other conditions were the same as in experiment 1 ex-
cept that the dominant monkey was not used.

Procedure

The experimenter first placed both screens between the
feeder boxes and the subject. The experimenter then baited
one of the boxes and tied the string from the lid-handle to
one of the two hooks under the box, depending on whether
the particular trial was a baited trial or an unbaited trial.
The string was always tied to the hook attached to the bot-
tom of the box on the unbaited box. Next the trial was
started by removing the opague screen. The transparent
screen was removed 5 s later. Trials ended when the sub-
ject obtained or lost the reward.

The probability of reward was 70% for Theta and 60%
for Pigmon, which simulated their respective probabilities
of obtaining the reward in the last five sessions of experi-
ment 1 (70% and 64%, respectively). The “win” trials and

Subordinate

monkey

Dominant
monkey

Fig.4 The modified feeder box used in experiments 2 and 3. Food
may be lost when the lid is opened

“loss’ trials appeared randomly during the session. Sessions
consisted of ten trials. Theta received four sessions and
Pigmon received six sessions.

Results and discussion

Figure 5 shows the percentage of openings of the baited
box first by each subject in the last five sessions of exper-
iment 1 (leftmost bar) and in all sessions of experiment 2
(middle bar). The rightmost bars concern experiment 3,
which will be described later.

The frequency of reverse openings decreased drasti-
cally in this experiment. Pigmon never opened the un-
baited box first and Theta did so only twice. The differ-
ence in the number of reverse openings between experi-
ments 1 and 2 was statistically significant for both sub-
jects (Pigmon: x2;=11.76, P=0.001; Theta: x?;=3.92,
P=0.048). Thus the monkeys performed more “honestly”
in this experiment than in experiment 1.

The decrease in the frequency of reverse opening sug-
gests that the spontaneous emergence of reverse opening
observed in the two monkeys in experiment 1 was not a
simple consequence of decreased probability of reward
caused by the behavior of the dominant opponent.

The feeder boxes used in experiment 2 had a slightly
different appearance from those in experiment 1. This
might have affected the monkeys' performances. This prob-
lem was addressed in the next experiment, which reintro-
duced the dominant monkey into the contest.

Experiment 3

Experiment 3 replicated experiment 1 with the use of the
new feeder boxes introduced in experiment 2.

Methods

Subjects

The same monkeys who participated in experiment 2,

Theta and Pigmon, participated as openers and the domi-
nant male, Helji, again participated as robber.
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The feeder boxes used in experiment 2 were used, but the
magnetic plate at the bottom of the feeder was fixed so as
not to affect the food. Other conditions were exactly the
same as in experiment 1.

Procedure

The procedure was exactly the same as in experiment 1.
Theta participated in 5 sessions and Pigmon participated
in 12 sessions. These subjects received one session per day.
Heiji, the dominant male participated in all sessions.

Results and discussion

The rightmost bars in Fig. 5 show the percentage of open-
ings of the baited box first during the first five sessions.
Theta's reverse opening recovered; she opened the un-
baited box first 5 times out of 50 trials, afrequency not sig-
nificntly different from that in experiment 1 (x?%;)=1.64,
P=0.200, ns). This result reinforces the possibility that re-
verse opening by Thetain experiment 1 may have been a
deceptive behavior. However, two additional observations
cast some doubts on this view. First, Theta's overall win
rate was 70% in the last five sessions of experiment 1, but
her win rate when she performed reverse opening was
lower, five out of nine. Moreover, she lost in al five re-
verse-opened trials during experiment 3. In other words
Theta gained nothing by her “deceptive’ behavior. It could
be argued that she tried to deceive, only to fail. However,
an additional observation of her behavior during reverse
opening raises further doubt. A deceiver should presum-
ably be quick to open the baited box after attracting the
opponent to the false location. But Theta's behavior after
opening the unbaited box was not always like that. Analysis
of videos of her behavior on “deceptive’ trials revealed
that her latency to open the baited box after opening the
unbaited one averaged 2.96 s (range: 0.7—7.7) in experi-
ment 1 and 4.0 s (range: 3.0-5.3) in experiment 3. She
sometimes simply watched while the opponent groped in
the opened box. Thus it is difficult to conclude whether
Theta's reverse opening reflects deceptive intent or not.

Exp. 3 Exp. 1 Exp. 2 Exp. 3

Exp.2

In contrast, Pigmon aways opened the baited box first
in experiment 3. The frequency of reverse opening de-
creased significantly from the last 5 sessions of experi-
ment 1 (x%1)=11.76, P=0.001). Pigmon performed reverse
opening only once, in the seventh session. It is possible
that he tried to deceive only in experiment 1. Hiswin rate
on reverse opening trials was seven out of nine, which is
dlightly higher than his overall winning rate (64%) during
the last 5 sessions of experiment 1, but the difference was
not statistically significant (x%;)=0.90, P=0.343, ns). Thus
Pigmon also gained nothing through “deceptive” behav-
ior. His average latency to opening the baited box after
opening the unbaited one was 4.1 s (range: 2.0-9.9) in ex-
periment 1. This slow behavior indicates failure to switch
to the baited box quickly after the reverse opening.

Results of additional video analyses

The following two additional video analyses were con-
ducted in order to examine the possibility of deception by
means other than reverse opening.

Latencies to opening the feeder box after removal
of the transparent screen

The monkeys might have opened the box when the oppo-
nent was not attending, perhaps withholding information
about the location of the food. To assess these possibili-
ties, we analyzed the video records for latencies to open-
ing the box after the transparent screen was removed. If
the subordinates tried to withhold information and/or to
check if the opponent was attending or not, latencies should
be longer in situations with the opponent than in those
without the opponent.

Median latencies for Pigmon in the three experiments
were 2.49 (last 5 sessions), 1.82 (all 6 sessions), and 1.95
(first 5 sessions) for experiments 1, 2, and 3, respectively.
Although he showed the shortest latency in the situation
without the opponent (experiment 2), this difference was
not significant (H;=4.51, n=160, P=0.101, ns, Kruskal-
Wallis test). On the other hand, Theta's latencies varied
significantly; 1.22 (last 5 sessions), 1.89 (all 4 sessions),
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Fig.6 Codes used to analyze position of the subordinate monkeys.
Positions are numbered 1-5 from the side close to the baited box

and 1.27 (al 5 sessions), for experiments 1, 2, and 3, re-
spectively (H=7.22, n=137, P=0.027, Kruska-Wallis
test), with the slowest responses in experiment 2. Thus,
the latency data provide no evidence that the monkeys
changed their behavior in favor of deception as afunction
of the presence of the opponent.

The subordinates positions before and after
the removal of the transparent screen

It was hypothesized that a subordinate monkey might try
to either withhold information or provide false informa-
tion during the 5 s between removal of the opaque screen

Fig.7 Positioning of the sub-

ordinate monkeys before Pigmon

in front of the opponent and removal of the transparent
screen in front of the subordinate, during which the sub-
ordinate was able to see the opponent but not reach for the
boxes.

For all three experiments the positions of the subordi-
nate monkeys during 5 s before and after removal of the
transparent screen were encoded as shown in Fig.6. The
half of the test cage farthest from the feeder boxes was
numbered 0. The other half was divided into five zones
numbered 1 through 5 in increasing distance from the
baited box. The position of the head of the monkey was
sampled every 0.5 s.

Figure 7 shows relative percentage of time in positions
1 (closest to the bait) through 5 (farthest). For Pigmon the
relative percentage in zone 5, farthest from the baited box,
before removal of the transparent screen (top graph) was
higher in situations with the opponent (experiments 1 and 3)
than with no opponent (experiment 2). This variation
was statistically significant (x?=10.0, P=0.007, between
experiments 1 and 2; x?;=9.98, P=0.007, between exper-
iments 2 and 3), suggesting that this monkey tended to
take up position away from the baited box before respond-
ing only in the presence of the dominant male. This ten-
dency was reversed after removal of the screen (botttom
graph) (x%=27.1, P<0.001, between experiments 1 and
2; X%=50.4, P<0.001, between experiments 2 and 3).
Thus, Pigmon may have tried to give the opponent false
information before opening the baited box. On the other
hand, no such differential positioning before and after re-
moval of the transparent screen was observed in Theta;
she always positioned herself “honestly” near the bait
more often in the presence of the dominant opponent than
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in his absence (before removal of the screen: x2;)=39.0,
P<0.001, between experiments 1 and 2, and x?=33.0,
P<0.001, between experiments 2 and 3; after removal of
the screen: x2,=66.8, P<0.001, and x?,=58.0, P<0.001,
respectively).

General discussion

In experiment 1, in a situation where two monkeys, dom-
inant and subordinate, competed for food, two of four
subordinate monkeys spontaneously started to open the
unbaited box first (reverse opening) with some consis-
tency. Experiment 2, in which the same two subjects were
tested without the opponent and in which the probability
of reward was controlled by the experimenter, confirmed
that reverse opening was not simply due to a decrease in
the rate of obtaining the bait caused by the presence of the
dominant opponent. Experiment 3 was a partia replica-
tion of experiment 1; one monkey again showed reverse
opening but the other monkey did not.

Viewing the overall results, at least one monkey may
have tried to deceive her opponent. But as noted above,
there was almost no detectable benefit derived from re-
verse opening in terms of win rate, and behavior follow-
ing reverse opening was not consistent with a deceptive
strategy. In short, the behavior does not seem to have been
effective as a deceptive tactic.

One of the monkeys, Pigmon, may have adopted a
weaker tactic of taking up the position farthest from the
bait before opening the baited box. He might thus have
avoided serious competition with the dominant male, and
later punishment in the home cage. Casual observations
suggested that there was more aggression in the home
cage after the start of this study than before, and one fe-
male, Zilla, wasinjured on the arm; previously such events
wererare in thisgroup. But it is also possible that Pigmon
was simply avoiding the dominant and potentially threat-
ening opponent in the experimental cage.

One problem with this series of experiments may be
that the time the subordinates stood to gain by reverse
opening was too short to increase the potential benefit re-
sulting from this tactic, as the distance between the food
boxes was short and it was easy for the dominant male to
switch from one box to the other. The subordinate mon-
keys might conceivably engage in more deception if the
benefit is larger than the potential risks they may face in
the home cage.

In this study the operationally defined deceptive be-
havior was to provide fase information to the opponent.
In human children, simply concealing information seems
to develop earlier than providing misleading information
(LaFreniere 1988). Byrne (1995) noted four episodes of
deceptive behavior by Cebidae monkeys but three of them
consisted of concealment. In chimpanzees, on the other
hand, most episodes involved distracting/attracting atten-
tion of the others. We may be more likely to observe the
emergence of deception if we devise an experimental sit-

25

uation in which the monkeys stand to benefit from con-
cealing information. The deceptive behavior aimed for in
this study may have been too cognitively demanding.

In summary, the results obtained in this study failed to
demonstrate a clear example of spontaneous deception in
capuchin monkeys. The behaviors shown by the monkeys
were not conclusive and the benefit of the deceptive be-
havior to the deceiver was not clear. Nevertheless, the data
were not completely negative, either, and there remains a
possibility that capuchin monkeys might be capable of spon-
taneously providing false information in situations where
they compete for food. At the least, this study demon-
strates that in competitive situations such as the one used
here we can analyze operationally defined spontaneous
deceptive behavior of nonhuman primates in the labora-
tory.
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