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Many haplorhine primates flexibly exploit social cues when competing for food. Whether strepsirrhine
primates possess similar abilities is unknown. To explore the phylogenetic origins of such skills among
primates, we tested ringtailed lemurs, Lemur catta, for their ability to exploit social cues while competing
for food. We found that in two contexts ringtailed lemurs spontaneously approached food out of their
competitor’s view. To assess whether these skills are related to the relatively complex social structure
seen in ringtailed lemurs or shared more broadly across a range of strepsirrhines, we then compared
ringtailed lemurs to three lemur species with less complex societies in the same food competition task
(N ¼ 50 lemurs). Although all species skilfully avoided food proximate to a competitor in a pretest, only
ringtailed lemurs performed above chance in the food competition task that required subjects to avoid
food that an experimenter was facing in favour of one that he was not facing. We also compared all four
species in a noncompetitive gaze-following task. Ringtailed lemurs were again the only species that
looked up more frequently when an experimenter gazed into space than when an experimenter gazed
forward (although at relatively low frequencies). These results are consistent with the hypothesis that
ringtailed lemurs have undergone convergent social-cognitive evolution with haplorhines, possibly as an
adaptation for living in the largest and most complex social groups among strepsirrhines. Results are
discussed in terms of lemur cognitive evolution as well as the social intelligence hypothesis.
� 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Competition for resources within and between social groups has
been suggested as one of the key selective pressures driving the
evolution of complex cognitive skills in animals. The social intelli-
gence hypothesis predicts that the evolution of social-cognitive
skills is favoured in species living in large, complex social groups
because social skills allowing individuals to outcompete conspe-
cifics for access to resources and mates will confer significant
fitness advantages (Jolly 1966; Humphrey 1976; Byrne & Whiten
1988; Dunbar 2003; Seyfarth et al. 2005; Byrne & Bates 2007).

The initial stage of testing this hypothesis has involved doc-
umenting the presence or absence of social-cognitive skills in
a range of species. A variety of tasks have now been developed that
allow for the assessment of social skills in a range of species in tasks
of differing complexity. The simplest tasks examine a species’
ability to locate food or make social decisions using basic positional
cues such as the head or body orientation of others (Marino 2002;
Call et al. 2003; Virányi et al. 2004; Hare et al. 2006; Schwab &
Huber 2006; von Bayern & Emery 2009; Ruiz et al. 2009). Other
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tasks have measured subjects’ ability to make inferences about
what others can and cannot perceive in the context of social
competition. Most notably, there is now growing evidence that
some primates and corvid species are sensitive to the perceptual
states of others (reviewed in: Emery & Clayton 2004; Call &
Tomasello 2008; Rosati & Hare 2009). For example, rhesus
macaques, Macaca mulatta, spontaneously avoid approaching food
near a person whose eyes and face are visible over a person whose
has his face averted or his eyes closed (Flombaum & Santos 2005).
Experiments also suggest that chimpanzees know what another
individual can or cannot see and whether they themselves can be
seen or heard, and can even reason about the precise target of
another individual’s attention (Hare et al. 2000, 2001, 2006; Melis
et al. 2006; Brauer et al. 2007; Kaminski et al. 2008; E.L.M. & B.H.,
unpublished data).

Strepsirrhines (lemurs, lorises and galagos) represent an
important group of primates to consider when reconstructing the
evolution of any primate trait(s) as they are believed to be the most
evolutionarily conserved primates. Strepsirrhines last share
a common ancestor with haplorhines (monkeys and apes) about 75
million years ago (Horvath et al. 2008), and based on anatomical
comparisons to extinct basal primates, they are thought to be both
morphologically and behaviourally similar to the last common
by Elsevier Ltd. All rights reserved.
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ancestor of all primates (Tattersall 1982). This means that if the
majority of strepsirrhine and haplorhine species possess a social-
cognitive skill, it is likely that this trait was present early in primate
evolution and has been inherited in extant species through
common descent. Alternatively, if a trait that is common among
haplorhines is not present in strepsirrhines, this suggests that the
trait evolved in haplorhines after the initial strepsirrhineehaplorhine
split. To explore whether any strepsirrhines posses social-cognitive
abilities that have been documented in haplorhines, we tested
ringtailed lemurs, Lemur catta, in two tasks similar to those that
have been used with monkeys and apes (Flombaum & Santos 2005;
Hare et al. 2006).
GENERAL METHODS

Lemurs were housed in pairs or in groups in indoor enclosures
and in outdoor semi-free-ranging enclosures at the Duke Lemur
Center, Durham, NC, U.S.A. Subjects were tested in their home
enclosures and separated from all other group members for the
duration of the session. Food was temporarily removed during the
experimental session, but water was available ad libitum.

Experiments 1e3 each consisted of three phases: (1) an intro-
ductory trial, (2) a competitive pretest and (3) a test. In the intro-
ductory trial, the experimenter(s) placed two food trays on either
side of a table. The experimenter(s) then immediately stood up and
faced away from the subject until the lemur had eaten the food at
both locations. This trial served both to habituate the lemur to the
trays and to assure that the subject understood that there could be
food positioned on both trays. In the competitive pretest, the
experimenter placed two food trays on either side of the table
(w1 m apart) and knelt behind one, facing the lemur. The subject
was allowed to eat the food to the side of the experimenter
(uncontested food), but if the subject approached the food in front
of the experimenter (contested food), the experimenter removed
the tray immediately, and placed it under the table out of the
subject’s view. In all experiments a subject was scored as having
approached a food tray if its head or hand came within 5 cm of the
food tray.
EXPERIMENT 1

In experiment 1, we tested whether ringtailed lemurs prefer-
entially target food that is proximate to a human competitor who is
facing away from the subject (and the food) compared to food that
is proximate to a competitor who is facing the subject and the food.
Table 1
Subject information and the percentage of trials that each subject approached the uncon

Subject Experiment 1

Pretest (% of 8 trials) Test (% o

Average 95* 78*
Aracus (M, 18.4 years) d d

Dory (F, 16.7 years) 100* 75
Sosiphanes (F, 8.6 years) 100* 58
Aristides (M, 16.6 years) d d

Cleis (F, 20.6 years) 100* 75
Ivy (M, 1.5 years) 75 50
Cap N’ Lee (M, 5.6 years) 100* 100*
Fern (F, 2.6 years) 100* 100*
Persephone (F, 0.7 years) 100* 100*
Alena (F, 4.7 years) d d

Berisades (M, 1.7 years) 100* 75
Licinius (M, 16.9 years) 88* 75

* Binomial probability (or one-sample t test for groups): P < 0.05.
To do so, we modified the methods of Flombaum & Santos (2005),
who used an analogous paradigmwith rhesusmonkeys,M.mulatta.

Methods

Ten ringtailed lemurs participated (Table 1), all of which had
some experience in pilot experiments. Pilot experiments consisted
of sessions similar to the present experiments, but were conducted
on the floor of the lemur’s enclosure, with the experimenter
kneeling on the ground and his head well above the subjects’ eye
level.

Subjects did not discriminate between forward- and backward-
facing experimenters during these pilot sessions. Consequently, we
conducted the current experiments on an elevated table so that the
experimenter’s headwas at the lemur’s eye level andwas thusmore
salient at the time of choice. Data were collected between February
and March 2010. After the introductory trial, subjects first partici-
pated in a pretest that served to establish a competitive relationship
between the subject and the human experimenter. Two food trays
wereplaced1 mapart on a table (73 cmheight, 61 cmwidth,123 cm
length) and the experimenter knelt directly behind one of these
trays with his face level with the tray. If a subject approached the
food in frontof theexperimenter, the experimenterquickly removed
this tray (taking it off the table and out of the subject’s view) and the
subject was allowed 1 min to feed from the uncontested food tray. If
the subject approached the uncontested food tray she was allowed
to feed freely and was given 1 min to approach the contested food
tray. If the subject approached the contested food tray during this
period, the experimenter quickly removed the tray. Experimenters 1
and 2 rotated every other trial, with each experimenter completing
four trials. Experimenter 1 always began the first trial, followed by
experimenter 2 on the same side as experimenter 1. The side (left or
right) experimenter 1 knelt behind in the first trial was counter-
balanced between subjects.

In the test, foodwas again positioned on two trays at each side of
the table, but one experimenter was present behind each tray. One
experimenter knelt at the left side of the table and the other knelt at
the right and each experimenter remained on the same side of the
table throughout the session. In each trial the subject was first
attracted to a food reward at a central location 1 m away from the
experimenters and equidistant from both food trays. The experi-
menter who baited this location was alternated on every trial.

Both experimenters then placed a tray with a piece of grape on
the table, and one experimenter faced forward so that he could see
the food and the lemur, while the other experimenter faced back-
wards so that the food tray was positioned behind his head and he
tested food in the pretest and the test for experiments 1e2

Experiment 2

f 12 trials) Pretest (% of 6 trials) Test (% of 12 trials)

95* 69*
50 50
d d

100* 92*
100* 75
100* 58
100* 75
100* 83*
100* 83*
100* 75
100* 42
100* 58
d d
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could not see the lemur or the food tray. Subjects were then
allowed 2 min to approach one of the food trays. If the subject first
approached the tray in front of the experimenter facing backward,
the subject was allowed to feed, and the forward-facing experi-
menter removed the tray in front of him and placed it out of sight
beneath the table. If the subject first approached the tray in front of
the experimenter facing forward, the experimenter quickly
removed the tray and positioned it out of sight, and on half the
trials, the subject was then allowed to approach the other food tray.
This was done to encourage participation. We conducted a total 12
trials, and the experimenter facing forward (left or right) was
counterbalanced within sessions for each subject. The side facing
forward (left or right) on the first trial was counterbalanced
between subjects.

Results and Discussion

During the pretest, ringtailed lemurs showed a strong prefer-
ence to approach the uncontested food tray (mean � SE approach
to uncontested food: 95 � 2.8%; two-tailed one-sample t test:
t9 ¼ 16.3, P < 0.001). During the test, subjects approached the food
proximate to the backward-facing experimenter at levels exceeding
that expected by chance (mean � SE approach to backward-facing
experimenter: 75.8 � 6.1% one-sample t test: t9 ¼ 4.2, P ¼ 0.002,
two-tailed; Fig. 1). There was no difference in approaches to the
uncontested food between the first half and second half of the
session (mean � SE approach to uncontested food, first half versus
second half of session: 75 � 6.2% versus 76.6 � 6.7%; paired-sample
t test: t9 ¼ �0.43, P ¼ 0.678, two-tailed). At an individual level, 3 of
10 lemurs approached the food proximate to the backward-facing
experimenter more frequently than expected by chance (Table 1).
These results suggest that ringtailed lemurs are sensitive to basic
social cues such as the head orientation of potential competitors,
and use this information to guide foraging decisions.

EXPERIMENT 2

In experiment 2, we tested ringtailed lemurs in a modified
version of the food competition task that required the subjects to
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Figure 1. Mean � SE percentage of trials that subjects approached the uncontested
food in experiments 1 and 2. *P < 0.05.
reason about a single competitor’s visual orientation towards two
food trays. This paradigm differed from experiment 1 in that
subjects could not use a simple heuristic regarding the proximity of
a visible face to the contested food items. Rather, subjects were
required to exploit information about the orientation of the
competitor’s head towards two potential food items. The design of
this experiment was modelled after that of Hare et al. (2006), who
tested chimpanzees, Pan troglodytes, in a similar task.

Methods

Ten ringtailed lemursparticipated, sevenofwhichparticipated in
experiment 1 (Table 1). The experiment took place on a table (73 cm
height, 122 cm width, 122 cm length). Again, subjects first partici-
pated in an introductory trial and then a pretest (identical to
experiment 1) to establish a competitive relationship with the
experimenter (Supplementary Material, Movie S1). During the test,
a single experimenter knelt equidistantly between the two food
trays placed at the sides of the table, but was oriented in profile so
that one of the food trayswas in front of his facewhile the otherwas
behind his head (Fig. 2). If the subject first approached the tray
behind the experimenter, the lemur was allowed to feed from this
tray, the tray in front of the experimenterwas removed, and the next
trialwas conducted. If the subjectfirst approached the tray in frontof
the experimenter, the experimenter quickly removed the tray
(Supplementary Material, Movie S1). As in experiment 1, on half of
trials the subject was then allowed to approach the other food item.

Results and Discussion

As in experiment 1, subjects showed a strong preference to
approach the uncontested food during the pretest (mean � SE
Figure 2. Procedure for the (a) pretest and (b) test in experiments 2 and 3. In the
pretest, an experimenter knelt behind one of two food trays and subjects were allowed
to feed from the tray to the side, but not in front of the experimenter. In the test, the
experimenter knelt equidistantly between the two trays, oriented in profile, so that
one tray was in front of him and the other was behind him.
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Figure 3. Mean � SE percentage of trials that each species approached food behind the
experimenter in experiment 3. *P < 0.05.
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approach to uncontested food: 95 � 5%; one-sample t test: t9 ¼ 9,
P < 0.001, two-tailed). In the test, ringtailed lemurs approached the
food located behind the experimenter’s head more frequently than
expected by chance (mean � SE approach to uncontested food:
69.2 � 5.1%, one-sample t test: t9 ¼ 3.7, P ¼ 0.005, two-tailed;
Fig. 1). There was no difference in the amount of approaches to the
uncontested food between the first half and second half of the
session (mean � SE approach to uncontested food, first half versus
second half of session: 71.7 �4.3% versus 66.7 � 9.3%; paired-
sample t test: t9 ¼ 0.487, P ¼ 0.638, two-tailed). At an individual
level, 3 of 10 lemurs approached the food proximate to the back-
ward-facing experimenter more frequently than expected by
chance (Table 1). There was no correlation in performance for
subjects that completed experiment 1 and experiment 2 (Pearson
correlation: r5 ¼ 0.07, P ¼ 0.88).

This preference to approach food behind a human experimenter
is consistent with the results of experiment 1 and suggests that
ringtailed lemurs’ responses were not driven by simple preferences
to avoid food near a competitor whose face and eyes were visible.
Together, the results of experiments 1 and 2 indicate that ringtailed
lemurs share social-cognitive skills with monkeys and apes, and
suggest that these skills may have been present in an ancestral
primate before the divergence of the two primate suborders 75
million years ago. However, it is also possible that ringtailed lemurs,
which live in larger, more complex social groups than any other
lemur species (Jolly 1966; Sauther et al. 1999), evolved these abil-
ities in parallel with monkeys and apes. This possibility is sup-
ported by the fact that ringtailed lemurs are convergent with Old
World monkeys in many aspects of their social behaviour (Sauther
et al. 1999) and have outperformed other lemur species in other
cognitive tasks linked to social complexity (MacLean et al. 2008).
These cases of independent evolution are critical for identifying the
selective pressures that have favoured the evolution of the trait in
question (Felsenstein 1985; Harvey & Purvis 1991; Nunn & Barton
2001). Therefore, in experiment 3, we collected data from three
additional lemur species to determine whether the skills detected
in experiments 1 and 2 are general to lemurs, or uniquely derived in
ringtailed lemurs and convergent with haplorhine primates.

EXPERIMENT 3

In the case of social cognition, strepsirrhines provide a strong
comparative test of the social intelligence hypothesis because they
are characterized by a diverse range of social systems (Mittermeier
et al. 2008). If sophisticated social-cognitive abilities coevolve with
complex social systems, we should expect to see corresponding
variance in lemur social cognition. To test whether the skills shown
by ringtailed lemurs in experiments 1 and 2 are unique to this
species and associated with social complexity, or are shared more
broadly across lemurs, we collected data from three other lemur
species (mongoose lemurs, Eulemur mongoz, N ¼ 10; black lemurs,
Eulemur macaco, N ¼ 10; ruffed lemurs, Varecia variegata rubra,
N ¼ 10) and an experimentally naïve group of 10 ringtailed lemurs
in the food competition task from experiment 2.We chose to test 10
experimentally naïve ringtailed lemurs so that any potential
species differences would not be confounded with the experience
that ringtailed lemurs had accrued in experiments 1 and 2 or
during pilot sessions. Although closely related to ringtailed lemurs
(Horvath et al. 2008), the additional species we tested all live in
smaller and less hierarchically arranged social groups, and do not
show social convergences with Old World monkeys similarly to
ringtailed lemurs (Curtis & Zaramody 1999; Bayart & Simmen 2005;
Vasey 2007). If the ability to exploit social cues is shared across all
primates, we predicted that other strepsirrhine species would show
similar abilities to ringtailed lemurs. Alternatively, if the ability to
exploit social cues in ringtailed lemurs is convergent with that of
monkeys and apes, we predicted that ringtailed lemurs would
outperform other, less socially complex, strepsirrhine species.

Methods

The procedure for experiment 3 was identical to that of experi-
ment2with the exception thatwe instituted a criterion that subjects
must choose the uncontested food on six consecutive trials or seven
of eight consecutive trials during the pretest before advancing to the
test. We implemented this criterion to assure that all subjects
perceived the experimenter as a food competitor before beginning
the test. Test trials were identical to those in experiment 2.

Results and Discussion

Importantly, in the pretest, all species showed a strong preference
for the uncontested food item (mean� SE approach to uncontested
food, one-tailed one-sample t tests: L. catta: 97� 3%, t9 ¼ 15.7,
P< 0.001; E. mongoz: 85.2� 3.9%, t9 ¼ 9.0, P< 0.001; E. macaco:
88.0� 3.7%, t9 ¼ 10.3, P< 0.001; V. variegata: 86.6� 3.6%, t9 ¼ 10.1,
P< 0.001) and there were no differences between species (one-way
ANOVA: F3,36 ¼ 2.2, P¼ 0.10). Thus, all species proved competent in
the choice component of the task, and avoided food positioned near
the competitor. In the test condition, however, only ringtailed lemurs
preferentially approached the food item out of the competitor’s view
(mean� SE approach to food behind the experimenter, one-tailed
one-sample t tests: L. catta: 63.3� 5, t9 ¼ 2.7, P ¼ 0.013; E. mongoz:
35 � 5.2%, t9 ¼ �2.9, P ¼ 0.991; E. macaco: 47.5� 5.6%, t9 ¼ �0.45,
P¼ 0.668; V. variegata: 45� 4.0%, t9 ¼ �1.3, P¼ 0.881; Fig. 3). To
assess species differences and learning effects, we conducted amixed
model ANOVA with the between-subjects factor of species and the
within-subjects factor of session half. This analysis revealed a signif-
icant effect of species (F3,36 ¼ 5.6, P¼ 0.003) but no effect of session
half (F1,36 ¼ 1.50, P ¼ 0.23) and no species � session half interaction
(F3,36 ¼ 0.08, P ¼ 0.97). Tukey HSD post hoc tests indicated that
ringtailed lemurs performed significantly better than mongoose
lemurs (P¼ 0.002), and tended to outperform ruffed lemurs
(P ¼ 0.06), but no other pairs of species differed. To test directly for
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learning in ringtailed lemurs, we compared these subjects’ perfor-
mance in the first and second half of the test session using a paired-
samples t test. Ringtailed lemurs’performance did not differ between
the first and second halves of the test session (t9 ¼ �0.67, P¼ 0.52),
suggesting that subjects’performancewasnotdependenton learning
within the test session. At an individual level across all species,
the only subject to approach the food behind the experimenter
more frequently than expected by chance was a ringtailed lemur
(Table 2).

The results of experiment 3 are consistent with the social
intelligence hypothesis and suggest that the ability to exploit social
cues indicative of others’ attention may be tightly coupled with
social complexity in strepsirrhine primates. These results mirror
those reported for comparisons of ringtailed lemurs and mongoose
lemurs in tests of transitive reasoning (MacLean et al. 2008), an
ability thought to be important for learning social dominance
hierarchies (Cheney & Seyfarth 1990; Bond et al. 2003; Paz-y-Miño
et al. 2004; Grosenick et al. 2007), and raise the possibility that
ringtailed lemurs may possess a suite of social-cognitive abilities
Table 2
Subject information and the percentage of trials that each subject approached the
uncontested food in the pretest and the test in experiment 3

Subject (species average) Pretest (% of (N) trials) Test (% of 12 trials)

Lemur catta 97* 63*
Cebes (M, 4.0 years) 100* (6) 75
Herodotus (M, 4.1 years) 100* (6) 92*
Dorieus (F, 10.1 years) 100* (6) 67
Sophia (F, 4.9 years) 100* (6) 58
Chandler (M, 10.7 years) 100* (6) 75
Alexander (M, 5.2 years) 100* (6) 42
Justine (F, 5.2 years) 70 (10) 67
Fanta (F, 3.2 years) 100* (6) 67
Randy (M, 4.2 years) 100* (6) 42
Shasta (F, 2.1 years) 100* (6) 50

Eulemur mongoz 85.2* 35
Guadalupe (F, 14.9 years) 70 (10) 25
Maddie (F, 4.0 years) 75 (8) 58.3
Pedro (M, 19.8 years) 87.5* (8) 50
Flor (F, 23.8 years) 87.5* (8) 8.3
Sancho (F, 27.4 years) 66.7 (12) 33.3
Felipe (M, 14.0 years) 100* (6) 25
Julio (M, 20.0 years) 85.7* (14) 41.7
Paco (M, 12.9 years) 100* (6) 25
Fabio (M, 21.9 years) 80 (10) 25
Moheli (F, 22.9 years) 100* (6) 58.3

Eulemur macaco 88* 47.5
Foster (F, 14.1 years) 100* (6) 83.3
Olivier (M, 19.0 years) 72.7 (11) 33.3
Belushi (M, 1.2 years) 100* (6) 41.7
Hopkins (M, 14.1 years) 100* (6) 66.7
Tarantino (M, 11.0 years) 90* (10) 33.3
Redford (M, 18.0 years) 75 (12) 41.7
Akroyd (M, 1.3 years) 80 (10) 41.7
Lamour (F, 21.0 years) 87.5* (8) 50
Deucalion (M, 21.0 years) 75 (12) 25
Teucer (M, 21.0 years) 100* (6) 58.3

Varecia variegata 86.6* 45
Esther (F, 1.1 years) 87.5* (8) 41.7
Phoebe (F, 1.1 years) 66.7 (12) 50
Aries (M, 2.9 years) 90.9* (11) 58.3
Hunter (M, 13.9 years) 100* (6) 50
Borealis (M, 21.9 years) 80 (10) 41.7
Antlia (F, 20.9 years) 85.7 (7) 58.3
Minias (M, 16.0 years) 100* (6) 50
Hydra (F, 2.1 years) 75 (12) 33.3
Alphard (M, 20.9 years) 100* (6) 16.7
Avior (M, 2.1 years) 80 (10) 50

* Binomial probability (or one-sample t test for groups): P < 0.05.
unlike those of other closely related, but less socially complex,
lemur species. To test this possibility further, we compared the
same four species in a second social-cognitive task in experiment 4.
EXPERIMENT 4

In experiment 4, we tested 17 ringtailed lemurs, 14 ruffed
lemurs, 8 black lemurs and 10 mongoose lemurs in a gaze-
following task. Although initial studies of gaze following produced
negative results in black lemurs (Anderson & Mitchell 1999), the
results of experiment 3 suggest that there may be considerable
social-cognitive variation between lemur species. Furthermore,
several recent studies using innovative methods have produced
evidence that some lemur species may be attuned to the gaze of
conspecifics (Shepherd & Platt 2008; Ruiz et al. 2009).
Methods

We compared lemurs’ tendency to look upward in a control
condition where an experimenter looked directly at the subject,
and an experimental condition in which the experimenter repeat-
edly looked upward in view of the subject. In both conditions the
experimenter first attracted the subject to the centre of the table
approximately 1 m in front of him with a food reward. In the ‘gaze’
condition the experimenter fixated on the lemur and then looked
directly up (moving his entire head), repeating this motion for 10 s.
In the ‘control’ condition, the experimenter looked directly at the
subject for 10 s. In both conditions, the experimenter held a small
piece of grape below his chin and made clicking noises throughout
the trial to ensure that subjects were looking in the right direction
and capable of viewing the social cue (similar to Herrmann et al.
2007).

Subjects received eight trials total (4 gaze, 4 control), and all
trials were videotaped with two digital video cameras, one facing
the subject on the table in front of the experimenter, and one
behind and to the side of the table with both the experimenter and
the subject visible. Behaviours were scored from video. On each
trial we coded whether subjects looked upward, operationally
defined as any movement of the subject’s head in an upward
direction while oriented towards the experimenter. A second
observer coded 20% of trials and inter-rater reliability was good
(Cohen’s k ¼ 0.74). Most subjects received one block of four trials
(ABBA or BAAB) before and after the session in experiment 3, but
seven subjects who were initially apprehensive to approach
received all eight trials consecutively after the test session. The
condition of the first trial was counterbalanced within species.
Results and Discussion

A mixed model ANOVAwith the within-subjects factor of condi-
tion (gaze, control) and the between-subjects factor of species
revealednomaineffectsof condition (F1,45 ¼ 2.39,P¼ 0.13)orspecies
(F3,45 ¼ 0.18, P¼ 0.91) and no condition by species interaction
(F3,45 ¼ 1.43, P¼ 0.25), indicating that, as a group, lemurs did not
follow the experimenter’s gaze. However, separate analysis of each
species revealed that ringtailed lemurs, but no other species, looked
upmore frequently in thegazecondition than in thecontrol condition
(mean� SDnumberof trials subjects lookedup ingazeversuscontrol
condition, out of four total trials, one-tailed paired-sample t test:
L. catta: 0.35 � 0.61 versus 0.12 � 0.33: t16 ¼ 2.22, P ¼ 0.021; E.
mongoz: 0.50� 0.85 versus 0.20� 0.42: t9 ¼ 1.12, P¼ 0.14; E. mac-
aco: 0.13 � 0.35 versus 0.38� 0.74: t7 ¼ �1.0, P¼ 0.82; Varecia:
0.50� 0.76 versus 0.14� 0.36: t13 ¼ 1.59, P¼ 0.07; Fig. 4).
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Figure 4. Mean � SE number of trials that subjects looked upward in the ‘gaze’ and
the ‘control’ conditions for experiment 4. *P < 0.05.
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GENERAL DISCUSSION

Together, the results of these experiments suggest that the
ability to exploit social cues such as a competitor’s visual orienta-
tion is not shared among all extant primates and was probably not
present in the last common ancestor of strepsirrhines and hap-
lorhines. The only strepsirrhine species in these experiments that
demonstrated spontaneous social skills analogous to those repor-
ted in monkeys and apes is a species known for having social
complexity that has often been compared to that of Old World
monkeys (Jolly 1966; Sauther et al. 1999). Our results suggest that
convergences between ringtailed lemurs and monkeys extend to
the cognitive domain, andmay reflect similar cognitive adaptations
for living in complex social groups.

In one of the initial formulations of the social intelligence
hypothesis, Jolly (1966, page 504) noted that ‘[ringtailed] lemurs
seem to have ‘monkey-type’ societies without having evolved
monkey-level intelligence’ and concluded that complex cognition
evolved after increased sociality, rather than the other way around.
While ringtailed lemurs surely differ from monkey species in
important and interesting ways, our results suggest that the
cognitive similarities between these taxa may be equally striking.
Additional comparative studies between these groups will be
important for uncovering the extent, and mechanisms of these
convergences. Whether these similarities are specific to social
cognition or are domain general remains an important question.
One interesting prediction of the social intelligence hypothesis is
that cognitive skills that initially evolved for social functions are
frequently exapted for use in more generalized contexts (Cheney &
Seyfarth 1990; Byrne & Bates 2007). Thus, socially and nonsocially
derived intelligence may be difficult to tease apart experimentally
(Herrmann et al. 2010).

Although ringtailed lemurs showed social skills resembling
those reported in monkeys and apes, the present experiments
cannot determine whether the cognitive mechanisms underlying
these abilities are the same across these taxa. For example, in the
food competition task, ringtailed lemurs may have preferentially
targeted food behind the experimenter after having simply learnt
to avoid food in front of social competitors over a lifetime of
experience dealing with other lemurs and humans. Alternatively, it
could be that lemurs solved these problems using a more sophis-
ticated understanding of others’ visual perception. To distinguish
between different mechanistic hypotheses, future research will
need to replicate and extend work designed to assess similar
cognitive skills in haplorhines (Hare et al. 2000, 2003; Flombaum &
Santos 2005; Burkart & Heschl 2007). Importantly, however, this
mechanistic question is orthogonal to that of establishing conver-
gence between lemurs and haplorhine primates, as different
proximate mechanisms frequently underlie analogous functional
adaptations. It is also important to note that although ringtailed
lemurs performed above chance in the food competition experi-
ments, the percentage of approaches to the uncontested side were
relatively low compared to monkeys and apes tested in similar
tasks (Flombaum & Santos 2005; Hare et al. 2006). Although this
quantitative difference may be due to a number of factors (e.g.
differences in food motivation, visual acuity, temperament, etc.), it
may be that ringtailed lemurs are simply less sensitive to this set of
social cues than are haplorhine primates. Nevertheless, the fact that
ringtailed lemurs performed above chance indicates some sensi-
tivity to basic social cues that are indicative of another’s attentional
state.

In the gaze-following task, differences between lemurs and
monkeys andapes aremore readilyapparent. Theoverall rateof gaze
following for all lemur species was remarkably low (w10% of trials)
compared to that reported for monkeys and apes (30e85% of trials)
(Tomasello et al. 1998, 2001) and the tendency for ringtailed lemurs
to look upward in the ‘gaze’ condition can be explained bya number
of mechanisms, including increased vigilance in response to the
experimenter’s head movements. Nevertheless, other studies
suggest that some lemur species may co-orient with others
(Shepherd & Platt 2008; Ruiz et al. 2009), raising the possibility that
gaze following in lemurs ismore commonbetween conspecifics. For
example, Ruiz et al. (2009) presented brown lemurs, Eulemur fulvus,
and black lemurs, E. macaco, with a photograph of a lemur with its
head and eyes oriented towards the left or right. In that study,
subjects first oriented in the same direction as the photographic
model of a conspecific.

Our findings emphasize the importance of adopting a phyloge-
netic approach to the study of cognition and demonstrate the
necessity of testing multiple species, without assuming that data
from any single taxon are representative of larger taxonomic
groups (i.e. the model species approach). Lemurs provide an ideal
group for comparative methods given their phylogenetic affinity
but social and ecological diversity. However, tests of other strate-
gically targeted species will prove important for assessing the
breadth of the social intelligence hypothesis (Beach 1950;
Shettleworth 1993; Arnold & Nunn 2010). For example, whether
the social-cognitive skills observed in various species of corvids,
canids and cetaceans are uniquely derived in these species or are
shared across larger taxonomic groups remain open empirical
questions. The results of these tests will be critical in our under-
standing of both the phylogeny and function of social cognition.
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