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Elephants are widely assumed to be among the most cognitively
advanced animals, even though systematic evidence is lacking.
This void in knowledge is mainly due to the danger and difficulty
of submitting the largest land animal to behavioral experiments.
In an attempt to change this situation, a classical 1930s coope-
ration paradigm commonly tested on monkeys and apes was
modified by using a procedure originally designed for chimpan-
zees (Pan troglodytes) to measure the reactions of Asian elephants
(Elephas maximus). This paradigm explores the cognition underly-
ing coordination toward a shared goal. What do animals know or
learn about the benefits of cooperation? Can they learn critical
elements of a partner’s role in cooperation? Whereas observations
in nature suggest such understanding in nonhuman primates, ex-
perimental results have been mixed, and little evidence exists with
regards to nonprimates. Here, we show that elephants can learn
to coordinate with a partner in a task requiring two individuals to
simultaneously pull two ends of the same rope to obtain a reward.
Not only did the elephants act together, they inhibited the pulling
response for up to 45 s if the arrival of a partner was delayed. They
also grasped that there was no point to pulling if the partner
lacked access to the rope. Such results have been interpreted as
demonstrating an understanding of cooperation. Through conver-
gent evolution, elephants may have reached a cooperative skill
level on a par with that of chimpanzees.
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The last decade has seen increased attention to the cognitive
complexity of animal cooperation. Ethological observations

suggest that nonhuman primates have some understanding of
how cooperation works (1, 2), but experimental research has
produced mixed results. Some investigators have ascribed suc-
cessful cooperation to random coaction (3, 4), whereas others
report deliberate coordination to attain a goal (5–8). Co-
operation is tested experimentally by gauging the reactions of
animals to a partner’s presence or absence, specific behavior, and
motivation (or lack thereof) in a context requiring interindividual
coordination (9, 10). Apart from a few studies (11–15), little
experimental evidence exists with regards to the cooperative
abilities of nonprimates. Although much research explores the
cognitive bases for complex sociality and cooperation in various
animals, including primates (16, 17), corvids (18), and cetaceans
(19), elephants have rarely been subjected to cognitive tasks of
any kind (see refs. 20–23 for reviews). However, these animals
are well-known for their complex sociality in nature (24–30) and
their relatively large and complex brains (e.g., refs. 31–35). Af-
rican (the genus Loxodonta) and Asian elephants (24–30, 36) live
in closely bonded, female-centric family groups and display
a wide range of other-directed, often cooperative behaviors that
may be supported by specialized cognitive mechanisms (37, 38).
For example, elephants often act as allomothers toward each oth-
er’s calves (39), assist distressed or immobilized family members by
pulling or pushing them out of prostrate or otherwise dangerous
positions (40, 41), and form close, multi-individual coalitions to
protect calves against predation (39, 40). In addition, elephants are
natural problem solvers and use their trunks to carefully and me-

thodically manipulate objects (e.g., refs. 23–26, 35, 40, 42, and 43),
suggesting that they would make good candidates for experi-
mental tasks that exploit these abilities and their cooperative ten-
dencies. This study investigated the cooperative abilities of ele-
phants at the Thai Elephant Conservation Center (TECC) in
Lampang, Thailand—assisted by each of the elephant’s caretakers,
or “mahouts”—through the adaptation of a paradigm designed by
Hirata and Fuwa (5; also see ref. 7) for chimpanzees.

Results and Discussion
In traditional captive elephant management throughout South-
east Asia virtually every animal is assigned their own individual
mahout (i.e., an elephant caretaker responsible for the daily care
of the animal), a close relationship that enables the safe con-
duction of controlled experiments (44). Using mahouts does,
however, require some deviations from primate-centric proto-
cols. Our study elephants were docile and in most novel sit-
uations responded only to mahout commands. Because this study
required spontaneous problem solving, some initial, preliminary
training was necessary. Twelve elephants first learned to pull
a single rope attached to the center of an out-of-reach sliding
table with a food bowl attached at each end. Pulling the table
brought the food within the elephants’ reach, a task reliably
accomplished by all subjects within 1 d of training them to pull
the rope with their trunks (Table S1 and Materials and Methods).
The 12 elephants were then grouped into six unique pairs to

participate in a task that required coordinated pulling. A clas-
sical, 1930s cooperation paradigm (45) used a counterweight so
heavy that it required two chimpanzees to pull together, but we
used a variation with a single rope, thus precluding the need for
a counterweight (5). A single rope was threaded around the
apparatus such that pulling on one end would only move the
rope, not the sliding table, making the other end of the rope
unavailable to a partner. Only if both rope ends were pulled at
the same time could the table be moved (5). Each rope end was
placed in the center of two separate, fenced lanes into which
each elephant was released for testing. If one elephant arrived
before the other and pulled the rope without waiting, the op-
portunity for collective pulling was lost and the table stayed in
place (Fig. 1). The pairs were tested sequentially under the fol-
lowing three primary conditions:

Simultaneous Release. Both elephants were released together
from 10 m back by their respective mahouts. From then on, the
mahouts remained silent, turned their backs to or looked away
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from the elephants, and did not interfere with the behavior of the
animals. The elephants were tested in 20 trials per day for 2 d.
All pairs reached the criterion of at least eight successful pulls in
the final 10 trials (Table S1 and Movie S1). Although this phase
tells us little about coordination because the elephants could,
after having reached the rope ends at the same time, simply have
used a “see the rope, pull the rope” strategy based on previous
training, the simultaneous release phase was necessary before
progressing to the next condition.

Delayed Release. Using the same apparatus, the release times of
the elephants were staggered. Now, for the elephants to retrieve
the table, the first released individual had to learn to wait for the
partner before pulling their own rope end. One elephant in each
pair was selected to be the first released, and the release order
was not switched until completion of the entire testing protocol.
Each lead elephant was initially released 5 s before the partner
until the pair successfully pulled in the table in three consecutive
trials, upon which the interval was increased to 10 s until the
same criterion was reached. This shaping procedure, adapted
and modified from one used with chimpanzees (7), was followed
in added 5-s increments through 25 s. The first elephants tested
in each of the six pairs all reached this criterion in 30 trials or less
(the fastest way possible to accomplish all criteria is in 15 trials if

no errors are made), and each elephant made fewer than a total
of 12 errors (Table S1 for raw data). The range of errors across
all six elephants was 3–12 [compared with 0–28 for chimpanzees
in a similar procedure (7)]. The same elephant subjects were
then tested for 3 d with 20 randomized trials per day including 10
trials of release intervals between 1 and 25 s and 10 trials of
longer release intervals, not previously experienced, between 26
and 45 s (see Table S2 for details on interval lengths).
All six elephants were highly successful in waiting for their

partners across the 60 trials, which they did between 88% and
97% of the time (mean ± SD across the six elephants = 93.33 ±
3.72%). The success of the elephants in longer delay trials in-
creased significantly after the first test day, suggesting they
quickly learned the waiting contingency of the task regardless of
the length of waiting time (Fig. 2 for a combined analysis across
all elephants, and Table S2 for raw data by elephant).
When comparing pulling rates, each trial was divided into two

time intervals. Interval 1 began when the first elephant arrived at
one rope end and ended with the arrival of the second elephant
to within reach of the other rope end. Interval 2 began with the
arrival of the second elephant and ended when either the table
was retrieved or the rope became unthreaded. The first-released
elephant’s rope pulling rate in each time interval was calculated
to determine whether success was due to their ability to wait for

Fig. 1. A multiview diagram of the elephant cooperation apparatus. View 1 pictures a ground view from beyond the table. In test and control trials, the two
elephants, lined up at the release point, walked down two separate, roped-off lanes (presented here in views 1 and 2 as a dashed line) from a point 10 m
behind the apparatus. The apparatus, a sliding table, could be moved by grasping rope ends fed through metal rings set in the ground. These rings were
positioned under a stout but transparent barrier (a volleyball net and wire ropes) needed to prevent the elephants from physically approaching the table and
attached food bowls. Upon release, the elephants were free to approach the ropes and to pull. The catch was that only coordinated pulling of both rope ends
at the same time would bring the table toward the elephants so that they could retrieve the food in the bowls. Any pulling of one rope end without the other
would result in the rope becoming unthreaded, thereby denying pulling access to the second elephant. View 2 mirrors that of the bird’s-eye video footage in
the supporting information taken from above the elephants. View 3 shows a side view from the base of the barrier. Drawings from video stills by F.B.M.d.W.
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their partners before pulling. One of the six elephants (NU) was
excluded from all of these analyses because of an alternative,
successful strategy (see below). Interrater reliability of pulling
rates was assessed through a Pearson’s correlation between two
raters’ reported frequency per trial, which was highly significant
(Interval 1: r = 0.96, n = 67, P < 0.001; Interval 2: r = 0.87, n =
67, P < 0.001). All five elephants (excluding NU as the sixth)
pulled significantly more during interval 2, following the arrival
of their partner, than during interval 1 as shown by analyzing
each subject (identified by their two-letter initials) with Wilcoxon
signed-ranks tests: SS: z = −4.97, n = 51, P < 0.001, two-tailed;
PT: z = −5.03, n = 56, P < 0.001; WL: z = −6.65, n = 60, P <
0.001; UP: z = −5.20, n = 59, P < 0.001; PP: z = −4.70, n = 53,
P < 0.001 (Fig. 3A). Four of the five elephants, in a significant
number of trials, did not pull the rope at all until their partner
arrived [sign test for a significant number of trials with pulls in
interval 2 and no pulls in interval 1, two-tailed: SS: n = 51, P =
0.453 (binomial P value), PT: z = −5.40, n = 56, P < 0.001; WL:
z = −6.29, n = 60, P < 0.001; UP: z = −4.58, n = 59, P < 0.001;
PP: z = −3.01, n = 53, P = 0.003]. Although the elephants
clearly waited for their partners before pulling (Movies S2 and
S3), one possible explanation for their behavior is that they had
learned to coordinate their pulling with the arrival of their
partner, rather than how their partner’s actions contributed to
success. Thus, to further test what the elephants had learned or
understood about cooperation, we instituted a third condition
directly after delayed release.

No-Rope Control. Only the rope end of the first-released elephant
was available; the partner’s rope was coiled at the base of the
table but out of reach, thus making retrieval of the table im-
possible. Elephants were released simultaneously, and control
trials alternated in a random order with an equal number of si-
multaneous release trials (described earlier). Except for the pair
of SS and KW, which received five trials of each type due to
unforeseen husbandry issues, all other pairs received 10 trials of

each on 1 d of control testing. Four of five elephants—the data
for the fifth, SS, demonstrated a trend but was not significant—
pulled significantly more often in trials when their partner had
access to and pulled at the rope than when the partner lacked
access to the rope and stood idle [Two-sample Kolmogorov–
Smirnov (K-S) Test per subject, with a K-S z value reported: SS:
z = 1.27, n = 10, P = 0.082, two-tailed; PT: z= 2.24, n = 20, P <
0.001; WL: z= 2.24, n= 20, P < 0.001; UP: z= 2.24, n= 20, P <
0.001; PP: z = 1.80, n = 20, P = 0.003; Fig. 3B and Movie S4].
One elephant (WL) never pulled in trials in which the partner
did not have access to the rope, and one elephant (PT) only
pulled once (in the very first control trial). All six pairs com-
pleted simultaneous release trials with 100% success during
these control tests. These data indicate pulling rates close to (for
UP, PP, and PT) or at zero (for WL) when a partner’s rope was
unavailable, but normal pulling rates until success when the
partner had access to the rope. The elephants thus demonstrated
both a propensity to wait for partners before pulling in a co-
operative task and recognition that success requires not only the
partner’s presence, but also its access to and handling of the
rope. However, their behavior could still be explained in terms of
a learned contingency related to the rope, specifically as it relates
to feeling the rope tense when their partner grabs or pulls it.

Fig. 3. Pulling rates in thedelayed releaseandno-rope control conditions. (A)
Pulling rate perminute of each individual elephant (two-letter designation on
x axis, full names in Table S1) across all delayed release trials. Open bars rep-
resent the pulling rates in interval 1, before arrival of the second elephant at
the rope ends, whereas filled bars represent the pulling rates in interval 2,
when both elephants had reached the rope ends. Error bars represent ±SEM.
(B) Pulling rate per minute of each individual elephant across the control
condition. Dotted bars represent the pulling rates in control trials where the
lead elephant had access to the rope but the partner’s rope was placed out of
reach. Diagonally hatched bars represent the simultaneous release trials (in
which both individuals had access to the rope) that were randomized with
control trials. Error bars represent ±SEM. See also Table S1.

Fig. 2. Success rate per day of delayed release testing in previously trained
(≤25 s) and untrained (26 ≤ s ≤ 45) delay intervals. Elephants were given 10
trials of each type per day randomized across the session. As would be
predicted based on their previous training, elephants performed at a high
success rate on the first day of testing in trained interval lengths, and im-
proved significantly by day 3 (94–100%; t = −1.96, df = 9, *P = 0.041, paired-
samples t test, one-tailed). In untrained interval lengths (i.e., delay intervals
exceeding those experienced in previous training), the elephants’ success
improved significantly from day 1 to day 2 (70–98%; t = −4.12, df = 9, **P =
0.002) and remained high in the final day of testing (day 1 to day 3: 70–96%;
t = −4.99, df = 9, ***P < 0.001; day 2 to day 3: 96–98%; t = 0.56, df = 9, P =
not significant). Error bars represent ±SEM.
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Although PT regularly picked up and held the rope only after
her partner was released (she did this in 95% of trials on the last
2 d of delayed release testing), thus suggesting her recognition
that the partner at least caused the tension, all other elephants
regularly held the rope—without pulling—until the partner ar-
rived. Even so, in control trials, in which the partner’s rope was
out of reach, four elephants retreated (i.e., returned to the
starting point without prompting and thus before being recalled
by their mahout) either before or soon after (<15 s) their part-
ners did in more trials than would be expected if these elephants
were merely waiting for tension in the rope [observed values
were PT: 100% of trials soon after, WL: 50% soon after, UP:
20% before and 30% soon after, and PP: 30% before and 60%
soon after (see Table S3 for data)]. Expected values would be
0%, because one would expect the elephants to retreat only
when recalled by their mahouts at the end of each trial. Thus, if
these elephants had simply learned to pull the rope when it
tensed, regardless of the partner’s contribution, they should not
have responded to their partner’s retreat (or the partner’s lack of
rope access) by retreating themselves, and should have waited
instead for their mahout’s end-of-trial command. WL and UP
retreated >15 s after their no-rope partners in 5/10 control trials,
but both elephants progressed from a long latency to retreat in
their first three control trials, to all short (soon after) latencies in
their last three, suggesting they may have been learning during
the no-rope control session about their partner’s role.
It is important to note here that the ability of the elephants to

learn the task contingencies as well as the role of their partners
neither implies nor requires that they understood how the rope
and the apparatus itself worked. Our experiment concerned itself
entirely with the social aspect of cooperation. We would assume
that if the elephants had an understanding of the workings of the
apparatus, they would have always retreated as soon as they
realized their partners did not have access to the rope. Their
behavior would have then been independent of partner presence,
because it would have been based solely on whether they could
physically see if the partner’s rope was available upon approach.
Unfortunately, this was not testable in this experiment, nor to
date has the acuity of elephant eyesight been given sufficient
attention (46). Thus, the elephants’ retreat immediately after
their partner’s hints at a learned contingency based on partner
presence, i.e., without knowing why their partner was retreating,
the elephants may have retreated solely because their partners
did. This behavior, in conjunction with the aforementioned
finding that pulling rates were zero or close to zero when the
partner lacked rope access (and that one elephant never pulled
in these control trials), suggests the elephants had learned—
independent of our training—that the partner’s presence and
behavior mattered to complete the task.
The results of this experiment only concern 6 of the 12 ele-

phants, and only the first elephant tested in each pair. Because of
constraints at the elephant facility, we could only work with one
pair at a time for 3 wk. To ensure that at least one individual per
pair had sufficient time to learn the task, the second individual
was not tested (i.e., released first in a trial) until the first ele-
phant’s testing was completed. Unfortunately, after testing the
first individual in each pair, we were always left with insufficient
time to test the second elephant under the three primary con-
ditions, except for one (JO discussed below).

Alternative Strategies. It speaks to the flexibility of elephant be-
havior that two highly successful individuals could not be included
in the pulling rate analysis because of their unconventional sol-
utions to the task. One young elephant, NU, reached 97% success
in test trials by approaching her rope end and firmly placing one
foot on it, thus preventing the rope from being pulled away when
her partner arrived and pulled. This technique had the advantage
of forcing her partner to do all of the work to retrieve the table

(Movie S5). A seventh elephant, JO, reached 83% success on test
trials, but did so by waiting for his partner’s (WL) release at the
release point rather than close to the table. There was thus no
interval 1 for JO, precluding his inclusion in our pulling rate
analysis. It also means that JO may have learned a different
contingency between the partner’s presence and success at the
apparatus than the other focal elephants. The fact that three
distinct strategies—(i) approach, wait, then pull (n = 5), (ii) stand
on rope and wait (n= 1), and (iii) wait, approach, and then pull (n
= 1)—were used by seven different subjects suggests a greater
understanding of the partner’s role in the task than might be
suggested by a uniform learned task performance. If the elephants
had all learned a mere contingency between a partner’s presence
at the apparatus and rope pulling for a reward, we would not have
expected to see all of the following: (i) consistent inhibition of
rope pulling when the partner was present at the apparatus but
lacked rope access, (ii) three different strategies—including one
that did not involve rope-pulling at all—following a uniform
training procedure, and (iii) strikingly fast learning of multiple
task contingencies across three different test and control con-
ditions (Tables S1 and S2).
Because chimpanzees (Pan troglodytes) perform better in co-

operation tasks when paired with tolerant partners (47), and
bonobos (P. paniscus) perform better than chimpanzees overall
(48), in part because of their sexual ways of resolving conflict
(49), we attempted in a final set of “tolerance trials” to further
assess cooperative tendencies by determining whether the degree
of elephant cooperation varied with available food. In these si-
multaneous release trials, we varied whether one or both of the
food bowls was baited and how much food was provided (see
Materials and Methods for details). In all trials across all ele-
phants in this condition, however, there was never a failed co-
operation attempt or an incidence of aggression between both
individuals. We never could be sure whether elephants would
recognize before a trial began if food was available because of
their general reliance on scent and sound over sight (24–27, 46,
50, 51).
We were also unable to pair potentially intolerant partners

because of safety and husbandry concerns, but the absence of
aggression suggests high tolerance between the selected indi-
viduals. Although open conflict is relatively common in chim-
panzee groups (2), it is relatively rare among elephants (24–27),
suggesting greater tolerance within the latter’s social relation-
ships. It is important to note that elephants never conspicuously
vocalized or glanced at their partners during trials; elephants are
considered sophisticated vocal communicators (24–27, 29, 50),
but in this task, it is most likely elephants used other auditory and
olfactory cues—especially the sound and smell of the partner’s
approach—to successfully coordinate their behavior. In addition,
silent, waiting behavior is relatively common in wild elephants
(51) and occurs most often when elephants are waiting for family
members to arrive or “catch-up,” so the elephants’ behavior in
our task fits natural behavior.
In similar studies conducted on both nonprimates and pri-

mates, the animals’ understanding of cooperation varied mark-
edly. Rooks (Corvus frugilegus) pulled the cooperation apparatus’
two rope ends as a pair when the ends were presented simulta-
neously (11, 52), but failed to wait for each other in the delayed
release condition (11). Unlike in our study and that of Melis
et al. on chimpanzees (7), the rooks were not given initial
training in the delayed release condition. Instead, the birds were
presented with a choice between two apparatuses (one that could
be manipulated alone and another that required a partner’s help
but provided more food). The birds never successfully pulled in
the latter apparatus when paired, and most of them did not
prefer one apparatus over the other when released alone. In our
no-rope control, which is a different way to measure what the
animals have learned about the need for a partner, the elephants
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failed to pull if their partner lacked access to the rope, and
sometimes withdrew from the apparatus before or soon after the
partner. Although our study provided training and the rook study
did not, the elephants seem to have learned more about their
partner’s role than the rooks. Recent experiments with hyenas
(Crocuta crocuta) (12) and capuchin monkeys (Cebus apella) (6)
used variations on the cooperative pulling task and found that
both species learned the need for a partner, but it was unclear
whether they understood their partners’ behavioral contribution.
Chimpanzees, on the other hand, have demonstrated clear
knowledge of both a partner’s role and contribution (5, 7, 47, 48).
Our own study shows that elephants not only (i) cooperate
successfully in a coordinated pulling task but also (ii) recognize
the need for a partner by waiting if the partner is delayed. Ele-
phants perhaps also (iii) recognize the necessity of their partner’s
actions, given that they discriminate between a partner with or
without rope access. As with humans and other primates, it is
hard to draw a line between learning and understanding, how-
ever. The least we can conclude is that the elephants demon-
strated cooperative behavior in this experiment with attention
to their partner’s presence and actions, thus showing a well-
developed propensity toward partner-oriented, deliberate co-
operation. These results put elephants, at least in terms of how
quickly they learn the critical contingencies of cooperation, on
a par with apes.

Materials and Methods
Elephants. The study included four female-female pairs, one male-female
pair, and one male-male pair (12 elephants, six unique pairings—see Table S1
for demographics). As far as the TECC records indicate, none of the 12 ele-
phants were related to one another. We selected pairs based on their do-
cility and the quality of the elephants’ relationships, as dictated by the
mahouts. We did not have an adequate sample size to compare an equal
number of same-sex and different-sex pairings in this study, but this type of
comparison would be more relevant in studies that focus specifically on
tolerance. Four of these animals (KW, PT, WL, and AL) were born at the TECC
and the rest were “rescued” elephants gifted by other government agencies
or private donors. By regulation, all of these animals will spend the rest of
their lives at the TECC.

All of the study elephants were highly trained and performed in daily
shows for visitors and tourists, including a demonstration of traditional
logging techniques, painting, and making music. All training and work is
humane and under the supervision of experts, including two of the authors
(R.L. and W.S.). KW and SS were trained to coordinate log-carrying as a pair,
but only with their mounted mahouts giving constant commands (no other
elephants in this experiment had such previous training). None of these
elephants had ever been trained for work similar to the task in this study, nor
had the elephants ever been given an opportunity to transfer their training to
a novel task without additional training.

General Setup of the Experimental Apparatus. The table apparatus was
comprised of two pieces of plywood painted and bolted to a rectangular PVC
pipe frame 3.3 m wide and 1.2 m deep. The table was placed 4 m beyond two
trees, and three wooden planks set in the ground ensured smoothmovement
of the table. A 7-m-wide volleyball net was strung between the two trees,
anchored by two strong, taut wire ropes, forming a transparent but im-
passable barrier between the elephants and the table. In training trials,
a single piece of rope, ≈6 m in length, was clipped to the front of the table
and fed through a metal ring set in the ground beneath the net. Elephants
could approach this rope and pull, drawing the table toward them. A
wooden post embedded in the ground (replete with rubber shock absorber
made from old tires) served as a stopper that prevented the table from
advancing past the net. To keep the table centered as it was pulled in,
a ≈2.5-cm-thick wire rope—running perpendicular to the volleyball net—
was strung from the buried table stopper, through the central PVC pipe of
the table’s frame, and then fixed to a tree on the central axis beyond the
table. This rigid guide cable prevented any skewing of the table and thus
eliminated incongruities in food availability. Two red food bowls were at-
tached to wooden boards, 50 cm in length, one on each side of the table; as
the table reached the stop point, the two bowls became available to the
elephant just under the net. In test trials, a single piece of 16.5-m-long, 1-cm-
thick hemp rope was threaded through guides and around the back and two

sides of the PVC frame so that the loose ends appeared out of two openings
on either side of the front of the table. Each side’s rope end was then
threaded through a metal ring set in the ground underneath the net,
leaving 1.6 m of rope available to each elephant upon approach.

To demarcate the test area, from each of the two central trees was strung
a single, flagged green rope ≈1.5 m above the ground and reaching back
10 m behind the net to the release point. During testing and control trials,
a third flagged rope was strung down the center of the test area, dividing it
into two equally wide lanes (3.5 m); thus, each elephant was released into
a single lane and had access only to a single rope end. These two lanes are
similar to the separation between subjects in some previous studies (6), but
not others, in which subjects were allowed to move around (e.g., refs. 5, 7,
and 11). Because of the sheer size of the elephants and their regular, free-
contact interaction with the experimenters and mahouts between trials,
these lanes were necessary for safety reasons, whereas they did not prevent
the elephants from reaching over to their partner or their partner’s food
bowl. The lanes did not seem to compromise the elephant’s ability to learn
the experimental task contingencies.

All data were coded from two video cameras. A Panasonic PV-GS500
miniDV camera was fixed to a metal mount on a 7-m-long bamboo ladder,
which was hoisted on pulleys between the two trees to a height ≈8 m above
the ground. This camera’s view was monitored on the ground via closed-
circuit television. A second camera, a Canon HV20, was placed on a tripod
beyond the table, providing a heads-on view of the elephants.

Procedure. In training trials, a mahout would walk with his elephant to the
single available rope end and train his animal to pick up and pull the rope by
using vocal commands. Rope-pulling strategies were ultimately at the dis-
cretion of the elephant, but all elephants had earlier, as part of the facility’s
routine, been trained to pull chains. In testing trials, the two mahouts stood
at the release point with their elephants and restrained them by touching
the ear or front leg. When signaled by the experimenters—who were po-
sitioned 10 m to the side and back from the setup—elephants were released
down their respective lanes. Upon release, mahouts turned away from the
elephants and remained silent to minimize chances for cuing, and in position
behind the elephants for safety. Trials began when the mahouts gave re-
lease commands—they released their hold on the elephant and gave a sin-
gle word, “go” command once so that it was up to the elephant whether to
proceed—and ended when the rope became unthreaded from the drawer,
or when all of the food had been eaten (at which point a simple “stop”
command was given by the experimenters and the elephants were recalled).
During simultaneous and delayed release trials, each of the two food bowls
on the table contained two halves of a full ear of corn, a highly desirable but
rarely used food reward at the elephant facility. During the final tolerance
condition, two trials each of the following were randomized over six trials:
(i) each bowl was baited as in test trials, with two half-ears of corn, (ii) one
(or the other) bowl was baited with six half-ears of corn. In between all
trials, mahouts gave elephants pieces of banana and sugarcane to ensure
they remained relaxed. Commands were never given during trials, and
mahouts were cued to release their elephants with a hand signal that was
not visible to the subjects. The interval between trials was 30 s, and elephant
pairs never received >30 trials a day. Testing occurred between January and
May 2009. Depending on prior obligations at the facility, elephants were
tested in the early morning or early afternoon and were often hosed down
with water on exceptionally hot days.

Data Coding. All coding was done from tape from the bird’s-eye video camera
and supplemented with the ground video footage when appropriate. Each
trial was divided into two time intervals as described in Results and Discus-
sion. Although elephants used multiple pulling techniques, a pull always
involved initially grasping the rope with the trunk and moving the trunk
toward the body (some elephants kept the rope end in their mouths while
doing this, whereas others grasped the end itself in their trunks). Other
techniques that did not involve active pulling could not be coded. Any trials
where there was either no interval 1 or 2 were excluded from statistical
analyses—regardless of whether they were successful—because they pre-
cluded an unbiased comparison of pulling rates within the given trial. SS’s P
value in the pull vs. no-pull sign test analysis is calculated from a binomial
distribution (and lacks a sign test z value) because of a small number (n < 35)
of trials in which SS either pulled in interval 1 or 2 but not both (53). For
analysis of control trials, a K-S test was chosen over a rank-order non-
parametric statistic because of the uniformity of each sample and, thus, the
large number of tied scores. J.M.P. coded all sessions, whereas J. Hua coded
a randomly selected 20% of trials for interrater reliability.

5120 | www.pnas.org/cgi/doi/10.1073/pnas.1101765108 Plotnik et al.

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1101765108/-/DCSupplemental/pnas.201101765SI.pdf?targetid=nameddest=ST1
www.pnas.org/cgi/doi/10.1073/pnas.1101765108


ACKNOWLEDGMENTS. We thank M. Tantiwiwat of Thailand’s Forest
Industry Organization for permission to conduct this research and W.
Rojanaphaitoon, P. Tipprasert, and the mahouts (elephant handlers) of the
Thai Elephant Conservation Center for maintaining the health of the ele-
phants and their participation in the experiments. We thank S. Hirata
and I. Douglas-Hamilton for helpful comments on a previous version of
the manuscript, and we are grateful to N. Bliwise, C. Hnangwong, J. Hua,
A. Kingkaew, J. Pokorny, G. Rumsey, and M. Richardson for assistance with

design, statistics, and analysis. This project was approved by the National
Research Council of Thailand (P. Panyawattanaporn) and Emory University’s
Institutional Animal Care and Use Committee (ID 219-2007Y). This work was
supported by a US Department of Education Fulbright-Hays Doctoral Disser-
tation Research Abroad Fellowship (to J.M.P.), the Living Links Center of the
Yerkes National Primate Research Center (F.B.M.d.W. and J.M.P.), the Laney
Graduate School of Emory University (J.M.P.), and the Forest Industry Orga-
nization (R.L. and W.S.).

1. Boesch C, Boesch-Achermann H (2000) The Chimpanzees of the Tai Forest (Oxford
Univ Press, Oxford).

2. De Waal FBM (1982) Chimpanzee Politics (Harper and Row, New York).
3. Chalmeau R, Visalberghi E, Gallo A (1997) Capuchin monkeys, Cebus apella, fail to

understand a cooperative task. Anim Behav 54:1215–1225.
4. Visalberghi E, Quarantotti BP, Tranchida F (2000) Solving a cooperation task without

taking into account the partner’s behavior: The case of capuchin monkeys (Cebus
apella). J Comp Psychol 114:297–301.

5. Hirata S, Fuwa K (2007) Chimpanzees (Pan troglodytes) learn to act with other
individuals in a cooperative task. Primates 48:13–21.

6. Mendres KA, de Waal FB (2000) Capuchins do cooperate: The advantage of an
intuitive task. Anim Behav 60:523–529.

7. Melis AP, Hare B, Tomasello M (2006) Chimpanzees recruit the best collaborators.
Science 311:1297–1300.

8. Hattori Y, Kuroshima H, Fujita K (2005) Cooperative problem solving by tufted
capuchin monkeys (Cebus apella): Spontaneous division of labor, communication, and
reciprocal altruism. J Comp Psychol 119:335–342.

9. Dugatkin LA (1997) Cooperation Among Animals: An Evolutionary Perspective
(Oxford Univ Press, New York).

10. Noë R (2006) Cooperation experiments: Coordination through communication versus
acting apart together. Anim Behav 71:1–18.

11. Seed AM, Clayton NS, Emery NJ (2008) Cooperative problem solving in rooks (Corvus
frugilegus). Proc R Soc B 275:1421–1429.

12. Drea CM, Carter AN (2009) Cooperative problem solving in a social carnivore. Anim
Behav 78:967–977.

13. Rutte C, Taborsky M (2007) Generalized reciprocity in rats. PLoS Biol 5:e196.
14. Rutte C, Taborsky M (2008) The influence of social experience on cooperative

behaviour of rats (Rattus norvegicus): Direct versus generalized reciprocity. Behav
Ecol Sociobiol 62:499–505.

15. Schuster R, Perelberg A (2004) Why cooperate? An economic perspective is not
enough. Behav Processes 66:261–277.

16. Brosnan SF, de Waal FBM (2002) A proximate perspective on reciprocal altruism. Hum
Nat 13:129–152.

17. Kappeler PM, van Schaik CP, eds (2006) Cooperation in Primates and Humans:
Mechanisms and Evolution (Springer, New York).

18. Emery NJ, Clayton NS (2004) The mentality of crows: Convergent evolution of
intelligence in corvids and apes. Science 306:1903–1907.

19. Marino L, et al. (2007) Cetaceans have complex brains for complex cognition. PLoS
Biol 5:e139.

20. Plotnik JM, de Waal FBM, Moore D, 3rd, Reiss D (2010) Self-recognition in the Asian
elephant and future directions for cognitive research with elephants in zoological
settings. Zoo Biol 29:179–191.

21. Plotnik JM, de Waal FBM, Reiss D (2006) Self-recognition in an Asian elephant. Proc
Natl Acad Sci USA 103:17053–17057.

22. Irie N, Hasegawa T (2009) Elephant psychology: What we know and what we would
like to know. Jpn Psychol Res 51:177–181.

23. Byrne RW, Bates LA, Moss CJ (2009) Elephant cognition in primate perspective. Comp
Cog Behav Rev 4:1–15.

24. Poole J (1996) Coming of Age with Elephants (Hyperion, New York).
25. Moss C (1988) Elephant Memories: Thirteen Years in the Life of an Elephant Family

(Fawcett Columbine, New York).
26. Douglas-Hamilton I, Douglas-Hamilton O (1975) Among the Elephants (Viking, New

York).

27. Payne K (2003) Animal Social Complexity: Intelligence, Culture, and Individualized
Societies, eds de Waal FBM, Tyack PL (Harvard Univ Press, Cambridge, MA), pp 57–85.

28. Schulte BA (2000) Social structure and helping behavior in captive elephants. Zoo Biol
19:447–459.

29. Poole JH, Moss CJ (2008) Elephants and Ethics, eds Wemmer C, Christen CA (Johns
Hopkins Univ Press, Baltimore), pp 69–98.

30. Sukumar R (1989) The Asian Elephant: Ecology and Management (Cambridge Univ
Press, Cambridge, UK).

31. Shoshani J (1998) Understanding proboscidean evolution: A formidable task. Trends
Ecol Evol 13:480–487.

32. Shoshani J, Kupsky WJ, Marchant GH (2006) Elephant brain. Part I: Gross morphology,
functions, comparative anatomy, and evolution. Brain Res Bull 70:124–157.

33. Hakeem AY, et al. (2009) Von Economo neurons in the elephant brain. Anat Rec 292:
242–248.

34. Bradshaw GA, Schore AN (2007) How elephants are opening doors: Developmental
neuroethology, attachment and social context. Ethology 113:426–436.

35. Hart BL, Hart LA, Pinter-Wollman N (2008) Large brains and cognition: Where do
elephants fit in? Neurosci Biobehav Rev 32:86–98.

36. Seidensticker J, Lumpkin S, eds (1990) Asian Elephants: John F. Eisenberg, George M.
McKay, and John Seidensticker (Friends Natl Zoo and the Nal Zoolog Park, Washington,
DC).

37. de Waal FBM (1996) Good Natured (Harvard Univ Press, Cambridge, MA).
38. de Waal FBM (2008) Putting the altruism back into altruism: The evolution of

empathy. Annu Rev Psychol 59:4.1–4.22.
39. Lee PC (1987) Allomothering among African elephants. Anim Behav 35:278–291.
40. Bates LA, et al. (2008) Do elephants show empathy? J Conscious Stud 15:204–225.
41. Douglas-Hamilton I, Bhalla S, Wittemyer G, Vollrath F (2006) Behavioural reactions of

elephants towards a dying and deceased matriarch. Appl Anim Behav Sci 100:87–102.
42. Williams JH (1950) Elephant Bill (Rupert Hart-Davis, London).
43. Gordon JA (1966) Elephants do think. African Wildlife 20:75–79.
44. Lair RC (1997) Gone Astray: The Care and Management of the Asian Elephant in

Domesticity (Food Agric Org United Nations, Rome).
45. Crawford MP (1937) The cooperative solving of problems by young chimpanzees.

Comp Psychol Monogr 14:1–88.
46. Fowler ME, Mikota SK, eds (2006) Biology, Medicine and Surgery of Elephants (Wiley-

Blackwell, Ames, IA).
47. Melis AP, Hare B, Tomasello M (2006) Engineering cooperation in chimpanzees:

Tolerance constraints on cooperation. Anim Behav 72:275–286.
48. Hare B, Melis AP, Woods V, Hastings S, Wrangham R (2007) Tolerance allows bonobos

to outperform chimpanzees on a cooperative task. Curr Biol 17:619–623.
49. De Waal FBM (1987) Tension regulation and nonreproductive functions of sex in

captive bonobos (Pan paniscus). Natl Geogr Res 3:318–335.
50. Nair S, Balakrishnan R, Seelamantula CS, Sukumar R (2009) Vocalizations of wild Asian

elephants (Elephas maximus): Structural classification and social context. J Acoust Soc
Am 126:2768–2778.

51. Poole JH, Granli PK Signals, gestures and behaviors of African elephants. The
Amboseli Elephants: A Long-Term Perspective on a Long-Lived Mammal, eds Moss CJ,
Croze HJ (Univ of Chicago Press, Chicago) in press.

52. Scheid C, Noë R (2010) The performance of rooks in a cooperative task depends on
their temperament. Anim Cogn 13:545–553.

53. Siegel S, Castellan NJ, Jr. (1988) Nonparametric Statistics for the Behavioral Sciences
(McGraw-Hill, New York).

Plotnik et al. PNAS | March 22, 2011 | vol. 108 | no. 12 | 5121

PS
YC

H
O
LO

G
IC
A
L
A
N
D

CO
G
N
IT
IV
E
SC

IE
N
CE

S


