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PERFORMANCE ON A FACE DISCRIMINATION TASK BY ORANGUTANS RE-

FLECTS A POSSIBLE INTERACTION BETWEEN FAMILIARITY AND NOVELTY

by

CATHERINE F. TALBOT

Under the Direction of Sarah F. Brosnan

ABSTRACT
Faces provide humans with information on the age, sex, individual identity, and emotional state
of others. Although comparatively less is known about nonhuman primates’ face processing
abilities, several gregarious group living species are able to discriminate conspecific faces.
Here, we tested a less gregarious species, orangutans, to determine if they exhibit similar skills.
Using a matching-to-sample paradigm, orangutans matched two identical portraits of unfamiliar
orangutans. Next, subjects matched two different photographs of the same individual across
viewpoints. During testing, subjects successfully transferred to novel photographs of familiar,
but not unfamiliar, individuals with their first exposure to these stimuli. However, performance
was not maintained throughout continued exposure to these stimuli, suggesting a possible nov-
elty effect. Interestingly, orangutans performed significantly above chance when individuating
familiar males, but not females. Further examination is needed to understand social organiza-

tion and other social factors which were important in the evolution of face-processing.
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1 INTRODUCTION

As humans, we intuitively recognize individuals, assess their relationships with others,
and perceive the disposition and intentions of others on a daily basis (Bruce and Young, 1986).
In particular, faces provide us with information on the age, sex, and identity of other individuals
as well as information about the emotional states of others (Tranel et al. 1988; Ekman and Oster
1979). Comparatively less is known about nonhuman primates’ abilities to discriminate and
process faces. Numerous studies have found that faces are highly salient social stimuli for
many animals, including nonhuman primates (Brown and Dooling 1992; Fujita 1993; Parr et al.
2000); however, there is still debate as to whether nonhuman primates process faces in the
same holistic way as do humans (Bovet and Vauclair 2000; Dahl et al. 2007; Tsao and Living-
stone 2008). Behavioral evidence of similar facial discrimination skills in nonhuman primates
would support the hypothesis that human and nonhuman primates share similar face processing
mechanisms, which presumably evolved from a common ancestor.

Many nonhuman primates are better at recognizing individuals of their own species than
those of other species (Fujita 1993; Pascalis et al. 2002, Dufour et al. 2006). Moreover, both
humans (Homo sapiens) and rhesus macaques (Macaca mulatta) demonstrate a preference for
novel stimuli when viewing conspecific faces and objects, but do not show this preference for
the faces of non-conspecific primate species (Pascalis and Bachevalier 1998). This implies that
there was a strong evolutionary pressure to process conspecific faces differently, and presuma-
bly more efficiently, than the faces of other species. This would be under strong selection pres-
sure in group living species, where individuals would do best if they recognized each other indi-
vidually and remembered individuals with whom they had interacted (Pokorny and de Waal
2009). However, other evidence indicates that the ability to individuate conspecifics better than

other species may merely be a result of the length of visual exposure to the different species.



For example, rhesus macaques were presented with pictures of conspecifics and domestic ani-
mals (images included full bodies). Using a habituation-dishabituation paradigm, macaques be-
came habituated to a picture of a conspecific and then dishabituated when shown a picture of a
different conspecific, suggesting discrimination between the two pictures. This effect was not
found when the domestic animal stimuli were used; subjects treated domestic animals of the
same species as similar, suggesting that rhesus macaques were able to individuate con-
specifics, but not domestic animals. However, after several months of exposure to the domestic
animals, the macaques could individually discriminate them as well (Humphrey 1974). Similarly,
chimpanzees (Pan troglodytes) with more exposure to human faces than to other chimpanzee
faces were better at discriminating human faces than they were at discriminating chimpanzee
faces (Martin-Malivel and Okada 2007). In addition, chimpanzees tested on a face recognition
task performed better when individuating highly familiar conspecifics across viewpoints com-
pared to moderately familiar conspecifics (subjects had prior exposure to these individual only
as test or training stimuli), and worse when individuating unfamiliar conspecifics (Parr et al.
2011). Together, these studies imply that experience and/or exposure may be a major factor in
the ability to discriminate individuals.

While the studies discussed above indicate that primates exhibit a species-specific ef-
fect, they also do not necessarily provide evidence of individual recognition. One cannot rule
out the possibility that subjects are able to recognize small differences in the facial stimuli of
conspecifics which are not obvious (to them) in other species. Therefore, subjects may not
have recognized the faces of conspecifics as belonging to particular individuals. In other words,
discrimination between conspecific faces does not necessarily equate with recognition. The fact
that exposure to other species increases their ability to differentiate faces supports this possibil-
ity. However, other studies provide stronger evidence that may indicate recognition. One of the
most direct ways to evaluate nonhuman primates’ ability to individuate faces is to present them

with a task in which they must match the same individual across different viewpoints. This task



rules out the possibility that subjects are relying on irrelevant perceptual features specific to
each photograph to match the stimuli and is generally accepted as evidence for individual rec-
ognition (Parr et al. 2000; Parr et al. 2011; Pokorny and de Waal 2009; Rosenfeld and van Hoe-
sen 1979; but see Zayan and Vauclair 1998). Using a methodology which requires a direct re-
sponse from the subjects, several nonhuman primate species have demonstrated the ability to
discriminate individual identities among unfamiliar conspecific faces.

An early study employed a two-choice simultaneously discrimination task in which
rhesus monkeys were presented with images of unfamiliar conspecific faces (Rosenfeld and
van Hoesen 1979). To control for possible stimulus cues in the individual recognition test, pos-
ture, orientation, color, size and illumination of the subject stimuli were altered. These altera-
tions did not affect the monkeys’ ability individuate unfamiliar conspecifics (see also Bruce 1982;
Heywood and Cowey 1992).

More recently, chimpanzees and rhesus monkeys were tested using a matching to sam-
ple paradigm to evaluate how quickly and accurately subjects acquired discriminations of facial
images, the degree to which subjects recognized the faces of unfamiliar individuals, and which
feature(s) were the most important in facial recognition. Chimpanzees and rhesus monkeys
matched the faces of unfamiliar conspecifics, although rhesus monkeys required more practice
to do so. Both species performed significantly worse when the eyes were masked, suggesting
that the eyes are particularly important in individual recognition (Parr et al. 2000). Evidence
from three species also supports this contention (Macaca mulatta: Keating and Keating, 1982;
Gothard et al. 2004; Pan troglodytes: Hirata et al. 2010; and Homo sapiens: Hainline 1978), and
it has recently been argued that all primates share a similar face-scanning strategy in which the
eyes are of particular importance (Hirata et al. 2010). Finally, there has been a single study on
New World monkeys, in capuchins (Cebus apella), showing that they, too, can discriminate both
familiar and unfamiliar faces, including across different viewpoints and lighting conditions

(Pokorny and de Waal 2009).



1.1 Purpose and Expected Results of the Study

Thus far, however, face discrimination skills have only been demonstrated in highly gre-
garious, group living species. This leaves open the question of whether all primates individuate
faces in similar ways, or whether there have been specialized adaptations based on whether or
not individuals spend the majority of time in social groups. In this study, we tested a far less
gregarious primate species, the orangutan (Pongo spp.), to determine if they exhibit a similar
pattern of behavior as compared to these other, more gregarious, species. Although the home
ranges of orangutans overlap (te Boekhorst et al. 1990; Mitani et al. 1991) and occasionally lar-
ger aggregations form during periods of high fruit abundance (MacKinnon 1974; Rijksen 1978;
Singleton et al. 2009), providing the opportunity for social encounters, orangutans spend a sig-
nificantly smaller proportion of their time in groups than do other species (Galdikas1988; Rijksen
1978). Nevertheless, orangutans may have encountered conspecifics more frequently in their
evolutionary history (Meijaard et al. 2010) and currently maintain some form of social unit (van
Schaik & van Hooff 1996).

Importantly, the individuals we tested came from established social groups at Zoo At-
lanta, where they spend their entire day in the company of other orangutans, eliminating the
possibility that any differences we might find would be due to different exposure of the individu-
als to other orangutans, as opposed to species differences. To test these orangutans, we used
a matching to sample paradigm allowing individuals to indicate which of two possible orangutan
photos depicted the same individual represented in the sample. Subjects first completed a se-
ries of training sessions before testing with photos that they had not previously seen during the
individual discrimination task.

Our primary goal was to determine whether orangutans, like other more gregarious pri-
mates, can discriminate unfamiliar conspecific faces. Because orangutans share many of the
same cognitive traits as chimpanzees (Russon 1998; Shumaker et al. 2001), which have dem-

onstrated skills of individual discrimination (Parr et al. 2000; Parr et al. 2011), it is reasonable to



propose that orangutans will do similarly well. However, it has been proposed that these socio-
cognitive skills evolved as a response to social complexity (Jolly 1966; Humphrey 1976; Byrne
and Whiten 1988), which leads to the prediction that orangutans may not possess these skills to
the extent of these other highly social species.

Second, unlike the majority of previous studies, we included stimulus sets not only of un-
familiar individuals, but of familiar individuals as well. Thus, as a secondary goal we assessed
performance differences between the two categories of stimuli. On the one hand, recent evi-
dence suggests that primates may discriminate unfamiliar individuals better than familiar indi-
viduals due to increased vigilance or a novelty effect (Mahajan et al. 2011; Pokorny and de
Waal 2009), leading to the prediction that orangutans will perform better on unfamiliar trials as
compared to familiar trials. On the other hand, human and chimpanzee performance decreases
when discriminating unfamiliar, but not familiar individuals across viewpoints (Hill and Bruce
1996; Parr et al. 2011), and as discussed above, increased exposure may improve the ability to
identify individuals (Fujita 1990; Tanaka 2003; Martin-Malivel and Okada 2007), which leads to
the opposite prediction. Finally, while performance as a function of gender is rarely examined in
similar studies, it may be an important social factor which influences face recognition perform-
ance. Therefore, we evaluated how secondary sexual characteristics impacted individual dis-

criminations by examining responses between flanged males, unflanged males, and females.

2 METHODS

2.1 Subjects and Housing

The orangutans used in this study were housed in social groups at Zoo Atlanta, Atlanta,
GA, USA. All subjects had indoor/outdoor access and extensive material enrichment (climbing
structures, ropes and swings, barrels, and other toys). All subjects were fed their usual diet con-

sisting of primate chow, fruits and vegetables throughout the course of the study. In addition,



feeding enrichment was provided on a daily basis as part of the husbandry routine. At no time
were the subjects ever food or water deprived. Studies involved a single ape at a time. All sub-
jects participated voluntarily, being called in from their social groups and tested in one of the
indoor dens of their living area. If possible subjects were separated from other individuals to limit
distractions (unweaned infants always accompanied their mothers). All procedures used in this
research were approved by the Scientific Review Committee of Zoo Atlanta and the Institutional
Animal Care and Use Committee of Georgia State University and were in accordance with the
Association of Zoos and Aquariums animal care and management rules and the legal require-
ments of the United States.

Data were collected over 13 months between November, 2010 and December,
2011 on three orangutans housed at Zoo Atlanta. All 13 orangutans housed at Zoo Atlanta were
presented with the experimental stimuli, but not all individuals were interested in testing or were
unable to perform the basic discrimination tasks. Test subjects came from two social groups.
Group 1 consisted of a 34 year old hybrid male, 28 year old Sumatran female, and two Suma-
tran juvenile males (ages 9 and 5), and a 1 year old Sumatran male. Test subjects included the
adult female and one of the juvenile males. Group 2 consisted of all individuals from the Bor-
nean species, including an adult male (age 18), a subadult male (age 8) and an adult female
(age 19). The subadult male was the test subject.

The Sumatran female test subject was reared in a computer-enriched environment at the
Georgia State University Language Research Center (Washburn et al. 2007) and participated in
cognitive tasks there (e.g., Beran 2002). She and the two subadult males had previous training
with a variety of cognitive tasks using the matching-to-sample paradigm on a computerized-
touchscreen testing apparatus including matching social stimuli such as faces. However, the

tasks presented in this study were not computerized.



2.2 Facial Stimuli

Stimuli consisted of high-quality digital color photographs of both familiar and unfamiliar
individuals. Hereafter, “Unfamiliar” individuals refers to orangutans from various zoos and sanc-
tuaries in the United States with whom subjects have never before interacted or seen, whereas
“Familiar” individuals refers to other orangutans housed at Zoo Atlanta from both within their so-
cial group and from neighboring groups. All subjects had daily visual and vocal access to each
of these individuals. Training stimuli used in facial tasks included 29 photographs of 14 unfamil-
iar conspecifics. Testing stimuli included 72 photographs of 11 familiar individuals (ranging be-
tween 5 and 40 years of age) and 62 photographs of 14 unfamiliar individuals (ranging between
6 and 41 years of age).

Using a standard graphics software package (PhotoShop CS3), photographs were
cropped to only include heads and faces, making sure full flanges were visible for adult males.
Stimuli included multiple photographs of males and females of all ages displaying different head
positions and gaze orientations. The backgrounds of the photographs were homogenized by
filling in the area around the face with solid white. Brightness and contrast were standardized to
control for differences in lighting. Presentation size of the images was 12.27 cm by 17.8 cm

with a resolution of 300 dots per inch.

2.3 Apparatus and General Procedure

We implemented a simultaneous matching-to-sample (MTS) paradigm (Nissen et al.
1948, Parr et al. 2000; Pokorny and de Waal 2009) in which subjects were presented with a
sample image and matched one of two comparison images to the sample. The correct compari-
son image matched the sample on some predetermined stimulus dimension while the other im-
age did not match. As not all subjects in this study were computer trained, we adapted this pro-
cedure to a manual task that, as in computer studies, allowed the experimenter to be completely

blind to both the subjects’ options and the correct answer. To standardize the location of the



stimuli, we presented sample stimuli on a presentation board, hereafter referred to as “sample
board,” while the comparison stimuli were presented simultaneously on a second presentation
board, the “comparison board.” The background of the presentation board was colored to spec-
ify the MTS rule or task. For example, the presentation board for the face training had a pink
background, while the board for the individual discrimination task had a black background.

To avoid experimenter cueing, we randomized, pre-sorted, and kept upside down the
presentation of the stimulus sets during the session so the experimenter could access them
without viewing them (and thus was blind to the correct response). For each trial, the experi-
menter first drew the two comparison stimuli from the pile of upside down stimuli and placed
them, still upside down, on the floor, equidistant to the sample board, one to the left of the sam-
ple board and the other to the right. Neither the experimenter nor the subject could see the
comparison stimuli at this point. Then the experimenter drew the upside down sample, and held
it up until the subject oriented towards the image by pointing at it. The sample was fastened
with Velcro onto the center of a sample board, centered in front of the subject (the experimenter
still could not see the sample). Finally, the experimenter picked up the comparison board by the
top, rotating it backwards so that it the orangutans could simultaneously see both comparison
stimuli, while the experimenter could not. The comparison board was placed at the bottom of
the sample board, with each comparison equidistant from the sample (see Figure 1). Thus, in
this way the subjects saw both matches at exactly the same time, equidistant from the sample,
while the experimenter could not see any of the three images. The picture the subject pointed to
was accepted as their choice. Subjects were familiar with this pointing methodology, which they
had used in previous studies (Stoinski, personal communication). If subjects pointed ambigu-
ously (i.e. between the two comparison images or simultaneously pointed at both), the experi-
menter removed all images (still hidden from the experimenter), gave the subject a three second

inter-trial interval (IT1) and restarted the trial.



Figure 1. Photograph of the experimental set-up.

The large presentation board displays the sample and the smaller comparison board displays the com-
parison stimuli. The comparison board allowed us to present both comparison stimuli simultaneously to
the orangutans, equidistant from the sample stimulus. Note that the experimenter sat behind the display
board and could not see either the sample or comparison stimuli at any time during the trial, and therefore
did not know what the correct choice was. See text for more details.

Once the subject made their choice, the experimenter recorded the location of the image
(left or right), and after recording this data, examined the images in order to determine whether
the subject chose the matching comparison stimulus. When the correct choice was made, the
experimenter verbally rewarded the ape, placed the correct choice next to and then over the
sample, providing visual feedback, and then rewarded subjects appropriately. If an incorrect
choice was made, the experimenter indicated this was not correct verbally as well as by placing
the incorrect image up to the sample, showing that it did not match, and no reward was given to

the subject.

2.4 Training Procedure

During training, a correction procedure was employed so that following an incorrect
choice subjects received an ITI of three seconds and then repeated the trial. In this manner, the
trial was repeated up to four times or until the subject selected the correct response, whichever
occurred first (Pokorny and de Waal 2009). Only correct choices were rewarded. Training re-
wards consisted of cereal, flavored pellets, and Crystal Light brand juice. Subjects were given a

maximum of 1 training session per day of up to 40 trials or 30 minutes. The number and dura-
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tion of training sessions were recorded. Training sessions for each phase or task (shape train-
ing, face training, and task training) continued until the subjects’ performance reached a crite-
rion of a minimum 80% success rate on two consecutive sessions (consisting of 20 trials) on
two different days (as in Parr et al. 2000). Thus, the number of training sessions varied de-
pendent upon the task or the subject being trained. This criterion was used to verify that subject

understood the task before moving on to the next, more complex, task.

2.5 Shape Training

Basic simultaneous MTS training was conducted with two-dimensional colored shapes.
Subjects were trained to match the identical shape to the sample shape. Shape stimuli varied
on two dimensions: shape and color. Thus, subjects could use either or both of these percep-
tual cues to make their choice. Subjects were trained using 62 shape stimuli (31 matching

pairs).

2.6 Face Training

Face training examined the ability of orangutans to match identical portraits of unfamiliar
conspecifics (no photographs of familiar orangutans were used at any point during training).
Subjects were trained to choose the identical comparison image that matched the sample.
Face training was not designed to address whether subjects viewed these images as represen-
tations of specific individuals, but rather to provide an initial assessment of how quickly and ac-
curately orangutans acquired the ability to discriminate complex two-dimensional facial images.
Once subjects met criteria (80% success on two separate days, as described above), they pro-

ceeded to task training on the individual discrimination task.

2.7 Task Training — Individual Recognition
Using the same general method and facial stimuli, subjects were then trained on the in-

dividual discrimination task to familiarize the subjects to the task and MTS rule. Subjects were
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required to match two different photographs of the same individual displaying different head po-
sitions and gaze orientations. The inclusion of this phase was important because several hu-
man studies have found a decrease in performance when the lighting, facial expression, or
viewpoint of the facial stimuli were changed (Hill and Bruce 1996; Bruce et al. 1999; Bruce et al.
2001). Thus, this phase verified that subjects’ were not relying on irrelevant perceptual features
of the identical photographs, such as symmetry or lighting, to match stimuli. This training phase

also used only stimuli of unfamiliar individuals.

2.8 Transfer Test — Individual Recognition

Once subjects reached performance criterion (80% correct on two days; as above), they
were transferred to all novel stimuli; that is, none of the photographs used in the transfer test
had ever been used in any training condition and so had never been seen by the subjects. This
allowed us to evaluate how well subjects recognized individuals without previous exposure to
the stimuli, but after they had received sufficient experience (from Task Training) to be sure that
they understood the task. To consider how individual discrimination ability might differ for famil-
iar versus unfamiliar faces, during testing we used novel stimuli of both familiar and unfamiliar

faces (note that all training involved unfamiliar individuals).

2.9 Testing Procedure

Subjects participated voluntarily, called in from their social groups by the experimenter to
test separately. For testing, rewards were two sugar free colored pellets. Rewards remained
consistent throughout testing. During testing, probe trials using novel photographs, which were
always rewarded, were inserted among training trials (which did not involve novel photographs).
Successful transfer to novel stimuli allows us to rule out performances based upon nonconcep-
tual factors such as memorization of the training stimuli (Thompson and Oden 2000). Within
each trial, the class of stimuli (familiar or unfamiliar), sex category (flanged male, unflanged

male, female) and relative age were held constant so that performance could not be based on
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recognizing features specific to these parameters; only the feature in question for a given task
could accurately predict the correct choice. Stimulus sets for probe trials were only presented
once to each subject. Subjects were never presented with images of themselves. The location
(left or right) of the correct comparison stimuli was randomized; however, within a test session
(and within probe trials) there were an equivalent number of correct choices located on each
side.

Subjects underwent a total of 10 test sessions each with 24 trials. In each session, six
probe trials of the experimental question were randomly inserted (with no more than 2 consecu-
tive probe trials) among the 18 non-probe (training) trials. When possible, three of these probe
trials used familiar stimuli and three used unfamiliar stimuli. Testing was broken down into two
exposures: Initial and Continued. In the Initial Exposure, each individual was presented a single
time, evaluating spontaneous categorization of individuals. Initial Exposure included four test
sessions (10 familiar and 14 unfamiliar probe trials). Continued Exposure was included to pro-
vide an overall evaluation of the orangutans’ facial discrimination skills. Continued Exposure
consisted of 6 test sessions (18 familiar and 15 unfamiliar probe trials) that still used novel im-
ages, however individuals were presented as the sample stimulus more than once (each with a
different image). Subjects received no more than one test session per day. Test sessions were
given on different (and, when possible, consecutive) days.

Responses were immediately recorded on data sheets by the experimenter and test
sessions were videotaped. Random number strings consisting of six digits were used to identify
each stimulus presented (i.e. each individual photograph had a unique random number). Thus,
the sample number never matched either of the comparison numbers. Inter-observer reliability
was later conducted to verify the experimenter’s accuracy in deciding whether or not the correct
match was chosen. Forty-two percent of the data were recorded from the videotapes by a coder

who was blind to the hypotheses to verify the experimenter data. We found perfect agreement
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for all variables examined (Sample stimulus: Cohen’s K = 1; left stimulus: Cohen’s K = 1; right

stimulus: Cohen’s K = 1; Choice: Cohen’s K = 1).

2.10 Data Analysis

For each test session, the experimenter recorded information on the subject, experi-
menter, date, session number, condition, names of the images presented as sample stimuli, the
image and location (left or right) of the choice that was selected by the subject, and whether
each trial was correct or incorrect. The primary dependent variable of interest was the response
(correct/incorrect) and the independent variable was the condition (familiar/unfamiliar). Unfortu-
nately, we did not have a large enough sample size to evaluate performance based on species.
However, the majority of the orangutans presented as stimuli were hybrids (15 hybrids, 7 Su-
mantran, and 3 Bornean orangutans). We also examined sex category (flanged male, unflanged
male, female) as an independent variable. We reported the number and duration of training
sessions needed to reach criteria on each task for each subject. We ran a correlation between
performance and test session to test if their performance changed over time, which may have
indicated learning or frustration. We used binomial z scores to determine if a given number of
testing trials was significantly above chance (p < 0.05) as well as to examine proficiency on fa-
miliar versus unfamiliar trials and between sex categories. All p-values are two tailed, except for

one case in which we give both, indicated below.

3 RESULTS

3.1 Shape Training

Shape training consisted of presenting two colored, two-dimensional shapes, one of
which matched the sample first presented. This was done to familiarize subjects with the match-

ing-to-sample paradigm. Performance criterion was set at 80% correct on two consecutive ses-
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sions consisting of 20 trials each. Subjects achieved criteria in an average of 17 sessions (Jun-

ior 33, Madu 5, Satu 12), or 270 trials (Junior 461, Madu 120, Satu 230).
3.2 Face Training

The face matching task presented two comparison facial stimuli, one of which was iden-
tical to the sample portrait. This task provided an initial assessment of how quickly and accu-
rately orangutans acquired the ability to discriminate complex two-dimensional facial images.
Subjects reached performance criteria in an average of 27 training sessions (Junior 36, Madu

27, Satu 20), or 350 trials (Junior 465, Madu 334, Satu 251).

3.3 Task Training — Individual Discrimination

The individual discrimination task presented two different photographs of the same un-
familiar individual displaying different head positions and gaze orientations and one photograph
of a different unfamiliar conspecific, requiring the subject to match the same individual across
viewpoints. This task was included to verify that subjects’ were not relying on irrelevant percep-
tual features of the photographs, such as symmetry or lighting, to match stimuli. Subjects met
criteria in an average of 15 sessions (Junior 20, Madu 13, Satu 13), or 230 trials (Junior 312,
Madu 180, Satu 199). There was no significant difference in acquisition speed between the
three training conditions (shape matching, face matching, and task training; Friedman’s test:
x°=4.67, P=0.097, df=2). However, it appears that there was a slight learning effect. All of the
apes reached criterion in the individual discrimination task faster than in the face matching task,
but took just as long to learn the faces as they did the shapes, suggesting that they were more
easily able to transfer their ability from identical to non-identical pictures of faces than from non-

faces (shapes) to faces.
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3.4 Transfer Test — Individual Discrimination

3.4.1 Overall Results

After reaching performance criterion of 80% correct or higher on two consecutive ses-
sions, the orangutans were transferred to all novel photographs, which subjects had never be-
fore seen. This allowed us to evaluate how well they recognized individuals without previous
experience with the stimuli, and to see whether or not they could extrapolate their knowledge of
the task, learned in training, to these new photographs. Two of the three subjects (Madu and
Satu) performed significantly above chance on the familiar trials, but no subject performed
above chance on the unfamiliar trials (i.e. initial and continued exposure combined), despite
having had the additional exposure to the same unfamiliar individuals during training, including
non-probe trials during these test sessions (Binomial tests: Familiar: Junior: 61% accuracy, Z =
0.94, p = 0.34; Madu: 71% accuracy, Z = 2.08, p = 0.036; Satu: 71% accuracy, Z =2.08, p =
0.036; Unfamiliar: Junior: 52% accuracy, Z = 0.00, p = 1.00; Madu: 62% accuracy, Z=1.11, p=
0.265; Satu: 48% accuracy, Z = 0.00, p = 1.00, Figure 2). Analysis of the overall group perform-
ance revealed similar results (Binomial tests: Familiar: 68% accuracy, Z = 3.16, p= 0.001; Un-
familiar: 54% accuracy, Z = 0.64, p = 0.520; Figure 3).

Given these results, we also directly tested whether there was a difference in perform-
ance between the two conditions, familiar and unfamiliar. Subjects showed only a trend towards
performing better with familiar faces (McNemar test: P=0.082, N=84). However, all subjects de-
viated in the same direction (see Figure 2) and, if one assumes that orangutans, like humans
and chimpanzees, should perform better for familiar than unfamiliar faces, is significantly differ-

ent using a one-tailed test (McNemar test: P=0.041, N=84; Figure 3).
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Figure 2. Individual testing performance.

Individual testing performance for both familiar and unfamiliar conditions. Training trials were included to
provide a baseline performance. Asterisks indicates that performance was significantly above chance
level (50%), indicated by the dashed line; * p<0.05 (two-tailed); *** p<0.001 (two-tailed).
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Figure 3. Percentage of correct choices throughout testing.

Percentage of correct choices throughout testing (Overall), during Initial Exposure and during Continued
Exposure for both familiar and unfamiliar conditions. Training trials were included to provide a baseline
performance. Asterisks indicates that performance was significantly above chance level (50%), indicated
by the dashed line. Bars indicate significance between the two conditions in the overall performance
(p<0.05, one-tailed) and in the Initial Exposure (p<0.05, two-tailed); *** p<0.001 (two-tailed).
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3.4.2 Initial vs. Continued Exposure

During the Initial Exposure (test sessions 1-4) only one stimulus set was presented for
each individual, providing a means to examine spontaneous categorization of these individuals.
The results from the Initial Exposure trials showed a similar pattern to the overall results, with
subjects successfully transferring to familiar novel stimuli with their first exposure to these indi-
viduals (80% accuracy; Binomial test: Z = 3.1, p = 0.001; Figure 3) but not unfamiliar novel
stimuli (52% accuracy; Binomial test: Z = 0.15, p = 0.878; Figure 3). However, individual analy-
ses revealed that one subject likely drove this group result. This subject (Madu) performed sig-
nificantly above chance on familiar trials (Binomial tests: Familiar: 100% accuracy, Z = 2.85, p =
0.002; Unfamiliar: 50% accuracy, Z = 0.00, p = 1.00) but the other two subjects did not, although
their choices were in that direction (Binomial tests: Familiar: Junior: 70% accuracy, Z = 0.95, p =
0.344; Satu: 70% accuracy, Z = 0.95, p = 0.344; Unfamiliar: Junior: 50% accuracy, Z = 0.00, p =
1.00; Satu: 57% accuracy, Z = 0.27, p = 0.791). As with the overall results, subjects performed
significantly better on the trials depicting familiar individuals as compared to unfamiliar individu-
als (McNemar test: p = 0.022, N = 30; Figure 3).

Continued Exposure also employed all novel stimuli; however, multiple stimulus sets
were presented for each individual (i.e., each individual was presented as the sample individual
more than once, but individual photographic samples were never used more than once). As a
group, subjects did not perform significantly above chance on either the familiar or the unfamiliar
probe trials (Familiar: 61% accuracy; Z = 1.5, p = 0.134; Unfamiliar: 56% accuracy; Z = 0.6, p =
0.551; Figure 3). Individually no subject performed above chance when discriminating unfamiliar
or familiar individuals (Familiar: Junior 56% accuracy, Z = 0.24, p = 0.815, Madu: 56% accuracy,
Z=0.24, p = 0.815, Satu: 72% accuracy, Z = 1.65, p = 0.096; Unfamiliar: Junior: 53% accuracy,
Z =0.00, p=1.00, Madu: 73% accuracy, Z = 1.55, p=0.118, Satu: 40% accuracy, Z = 0.52, p =
0.607; Figure 3). Subjects did not significantly differ in their performance on familiar and unfamil-

iar trials (McNemar test: p = 0.845, N = 45; Figure 3). As a side note, we emphasize that the
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subjects’ performance fell on the continued trials despite the fact that performance on the non-
probe test trials into which the test trials were inserted remained significantly above chance
(Training: 64% accuracy; Z = 5.01, p < 0.0001; Figure 3). Thus, this appears not to be a prob-

lem with attention, but some other issue related to continued exposure.

3.4.3 Sex Discrimination

We also examined overall performance (i.e. Intial and Continued Exposure combined)
across three different sex categories (flanged males, unflanged males, and females) to explore
any differences in discrimination performance. First we examined performance on all familiar
probe trials. Subjects performed significantly above chance on trials portraying familiar males
(Binomial tests: Z = 3.19, p = 0.001; Familiar flanged males: Z = 2.08, p = 0.036; Familiar un-
flanged males: Z=2.35, p = 0.017), but not familiar females (Binomial test: Z = 0.7, p = 0.487;
there are not sufficient data points for an individual analysis). Performance did not significantly
differ between flanged and unflanged males (McNemar test: p = 1.00, N = 23). Next we exam-
ined performance on unfamiliar probe trials. Not surprisingly, given that subjects did not dis-
criminate unfamiliar individuals, group performance was not significantly above chance for any
unfamiliar categories (Binomial tests: Unfamiliar flanged males: Z = -0.44, p = 0.664; Unfamiliar

unflanged males: Z = 0.91, p = 0.362; Unfamiliar females: Z = 0.51, p = 0.608).

3.4.4 Change in Performance over Time

Finally, we ran a Pearson product-moment correlation to determine if learning was a
possible explanation for performance. There was no correlation between performance and time
over the 10 testing sessions of 24 trials each (6 probe trials each; R = -0.251, p = 0.485, N = 10;

Familiar: R = -0.577, p=0.081, N = 10; Unfamiliar: R = 0.213, p=0.582, N = 9; Figure 4).
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Figure 4. Performance over Time.

The percentage of correct responses for familiar trials (dotted line), and unfamiliar trials (dashed line) per
testing session in the individual discrimination transfer test.

4 DISCUSSION

This study is the first to demonstrate that orangutans respond to faces as salient and
discriminable stimuli. During testing, two of three orangutans individuated familiar individuals,
but none of the subjects performed better than chance when individuating unfamiliar individuals.
Thus, like other great apes (humans: Hill and Bruce 1996; chimpanzees: Parr et al. 2011), but
unlike monkeys (Pokorny and de Waal 2009), orangutans are better able to discriminate familiar
than unfamiliar individuals, despite additional experimental exposure to the same unfamiliar
orangutans in our design. Interestingly, as a group orangutans also performed significantly
above chance when individuating familiar males, but not familiar females, and did not differ in
performance when distinguishing flanged and unflanged males. This is contrary to what we an-
ticipated, given that flanged males appear — to us — to be much more distinct, while unflanged

males look very similar to females.
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We note that the orangutans in this study took longer to acquire this task than has been
previously reported for chimpanzees (Parr et al. 2000), but less than what has been reported for
capuchin monkeys (Porkorny and de Waal 2009) and rhesus monkeys (Parr et al. 2000;
Rosenfeld and van Hoesen 1979). Still, the fact that these subjects were able to accomplish this
task suggests that two dimensional facial stimuli are salient and discriminable to orangutans,
and they do learn to discriminate these stimuli faster than monkey species (although maybe not
so rapidly as other apes; more data is needed on the two remaining ape species before we can
draw this conclusion). Of course, this begs the question of whether the discrimination abilities
seen in this study qualify as face recognition. Taken in the context of previous research em-
ploying similar methodologies (Parr et al. 2000; Pokorny and de Waal 2009), these results sug-
gest that orangutans are able to recognize at least familiar conspecific faces. It is important to
note, however, that while using a methodology that requires a direct response from subjects
does provide strong evidence for individual discrimination, for true individual recognition to take
place, subjects must not only recognize a face as familiar, but also perceive that it belongs to a
specific individual. These studies provide no evidence that subjects are connecting the two di-
mensional facial stimuli to the actual individuals. Rather, subjects may be following a simple
rule: pick the image that looks more like the sample image.

Given the extensive use of two dimensional pictures as experimental stimuli to assess a
variety of cognitive and neural processes, there is surprisingly little evidence that nonhuman
primates are processing these images as depictions of real-life three dimensional objects or be-
ings. Furthermore, the studies which have attempted to provide evidence of the association of
two dimensional images with real life objects have produced inconsistent results (Davenport and
Rogers 1971; Winner and Ettlinger 1979; Malone et al. 1980; Martin-Malivel 1998; Judge et al.
2012). Thus although the evidence indicates that nonhuman primates respond to two dimension
stimuli similarly to three dimensional objects, it is still unclear to what degree they perceive the

relationship between real life objects/beings and two dimensional images. Perhaps the most
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convincing evidence of true individual recognition in nonhuman primates comes from intermodal
matching tasks in which subjects match individuals through two modalities (e.g. auditory and
visual; Bauer and Philip 1983; Boysen 1994; Hashiya 1999; Hashiya and Kojima 2001; Adachi
and Hampton 2011) or match different body parts of the same individual (Dasser 1987; Pokorny
and de Waal 2008; but see also Boysen and Bernston 1989).

In accordance with Zayan and Vauclair’'s (1998) hypothesis, the orangutans were better
at discriminating familiar than unfamiliar faces. In our study, the subjects had already had ex-
posure to the unfamiliar individuals, as the training stimuli consisted of the same unfamiliar con-
specific individuals that were used in testing (although all novel photographs were used in test
sessions). Although no training was done with familiar individuals, subjects also had a high de-
gree of exposure to the other orangutans housed at Zoo Atlanta (familiar individuals). It is pos-
sible that the additional exposure to familiar individuals throughout the orangutans’ daily life may
have aided discrimination. Previous studies have found a similar effect in humans and chim-
panzees, such that performance decreases when discriminating individuals across viewpoints or
lighting conditions with unfamiliar but not familiar individuals (Hill and Bruce 1996; Bruce et al.
1999; Bruce et al. 2001; Parr et al. 2011). Moreover, macaques and, more recently, chimpan-
zees have demonstrated the ability to match faces with other body parts of the same individual
only if the individual is familiar, suggesting that real-life interactions and whole-body knowledge
aided recognition (Dasser 1987; Pokorny and de Waal 2008).

While it is possible that orangutans may be better at discriminating familiar than unfamil-
iar individuals, we also note a second possibility that cannot be excluded. In our procedure, all
training stimuli were of the unfamiliar individuals, so despite the fact that all of the testing stimuli
were novel photos, subjects had been exposed to photos of these particular individuals previ-
ously in the context of this experiment. Thus, while overall they had far more exposure to the
familiar individuals in the context of everyday living, they had more exposure in the experimental

context to the unfamiliar individuals. Note, too, our finding that discrimination for familiar indi-



22

viduals was stronger on the first presentation than for any subsequent presentation, despite the
use of novel photos of those individuals. Taken together, one alternate explanation for our find-
ing that the orangutans were better at discriminating familiar than unfamiliar photos is that they
are simply better at the first presentation of any individual, but become less good with succes-
sive presentations, even if successive presentations utilize novel photographs. This could be
due to attentional problems (note, again, that performance on the non-probe trials did not de-
crease, despite the decrease in performance on probe trials). These results provide important
implications for future procedural measures used to assess facial discrimination performance.
To rule out rote learning and ensure generalization, the classic methodology for categorical
judgment experiments calls for the use of a transfer test employing novel stimuli which, to rule
out learning based on associations between stimuli and reinforcement, are to be presented un-
der extinctive conditions (e.g. often only the first or first and second exposure to test stimuli are
used for analysis; Zayan and Vauclair 1998; Parr et al. 2000; Pokorny and de Waal 2009). We
add to this that novelty effects, including both individuals and stimuli, may need to be controlled
for as well. Future tests that control for these differences may help determine what, exactly, is
driving orangutans’ face discrimination abilities.

We finally consider why orangutans performed better than chance on individuating famil-
iar males, both flanged and unflanged, but not females. One possibility is that males are more
salient stimuli, both to males and females. For females, males represent potential mates or
threats (van Schaik 1999). Amongst males, when a flanged male meets another flanged male,
the encounters are agonistic in nature, most likely because competition for mates is intense (al-
though flanged males are also known to tolerate the presence of unflanged males; Utami et al.
2002). Moreover, males must recognize each other, as dominance hierarchies are maintained
between males that regularly encounter one another (van Schaik et al. 2004). The ability to rec-
ognize and individuate familiar flanged and unflanged males may be of particular importance

due to this competitive coexistence. It is also possible that orangutan male faces may simply be
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more distinctive than female faces. In humans, for example, male faces are more distinctive
than female faces, partly due to the pronounced nose/brow and chin/jaw area (Bruce et al.
1993). Interestingly, in one study rhesus monkeys also performed better at matching two differ-
ent pictures of male monkeys compared to female monkeys (Parr et al. 2010). However, the fo-
cus of this study was to evaluate whether orangutans are able to individuate faces of other
orangutans, not whether they can discriminate between the genders. More conclusive evidence
on gender discrimination will need to be obtained with a study designed to directly address this
question.

In the future, it will be useful to test additional species to determine the degree to which
these skills vary across the non-human primates. Furthermore, orangutans’ better discrimina-
tion of familiar individuals compared to unfamiliar individuals needs further examination. It may
be most advantageous for orangutans to recognize at least those orangutans in their vicinity,
perhaps those that make up a loose social unit. Future comparative work examining the social
factors and cognitive processes underlying facial recognition in nonhuman primates may help us

better elucidate the evolution of face processing skills.

5 REFERENCES

Adachi I., & Hampton, R.R. (2011). Rhesus monkeys see who they hear: spontaneous cross-

modal memory for familiar conspecifics. PLoS ONE, 6(8), e23345.

Beran M.J. (2002). Maintenance of self-imposed delay of gratification by four chimpanzees (pan
troglodytes) and an orangutan (pongo pygmaeus). Journal of General Psychology, 129,
49-66.

Bovet D., & Vauclair, J. (2000). Picture recognition in animals and humans. Behavioural Brain

Research 109, 143-165.



24

Boysen S.T. (1994). Individual differences in the cognitive abilities of chimpanzees. In R.W.
Wrangham, W.C. McGrew, F.B.M. de Waal, & P.G. Heltne (Eds.), Chimpanzee cultures
(pp-335-350). Cambridge, Mass.: Harvard University Press.

Boysen S.T., & Berntson, G.G. (1989). Conspecific recognition in the chimpanzee (Pan troglo-
dytes): Cardiac responses to significant others. Journal of Comparative Psychology,
103, 215-220.

Bauer H.R., & Philip M.M. (1983). Facial and vocal individual recognition in the common chim-
panzee. The Psychological Record, 33, 161-170.

Brown S.D., & Dooling, R.J. (1992). Perception of conspecific faces by budgerigars (Melopsit-
tacus undulates): |. Natural faces. Journal of Comparative Psychology, 106, 203—216.

Bruce C. (1982). Face recognition by monkeys: Absence of an inversion effect. Neuropsycholo-
gia, 20, 515-521.

Bruce, V., Burton, A.M., Hanna, E., Healey, P., Mason, O., Coombes, A., et al. (1993). Sex dis-
crimination: How do we tell the difference between male and female faces? Perception,
22, 131-152.

Bruce, V., Henderson, Z., Greenwood, K., Hancock, P.J., Burton, A.M., & Miller, P. (1999). Veri-
fication of face identities from images captured on video. Journal of Experimental Psy-
chology: Applied, 5, 339-360.

Bruce, V., Henderson, Z., Newman, C., & Burton, A.M. (2001). Matching identities of familiar
and unfamiliar faces caught on CCTV images. Journal of Experimental Psychology: Ap-
plied, 7, 207-218.

Bruce, V., & Young, A. (1986). Understanding face recognition. British Journal of Psychology,
77, 305-327.

Byrne, R.W., & Whiten, A. (1988). Machiavellian Intelligence: Social expertise and the evolution

of intellect in monkeys, apes, and humans. Oxford: Clarendon Press.



25

Dahl, C.D., Logothetis, N.K., & Hoffman, K.L. (2007). Individuation and holistic processing of
faces in rhesus monkeys. Proceedings of the Royal Society of London B, 274, 2069—
2076.

Dasser, V. (1987). Slides of group members as representations of the real animals (Macaca
fascicularis). Ethology, 76, 65—73.

Davenport, R.K., & Rogers, C.M. (1971). Perception of photographs by apes. Behaviour, 39,
318-320.

Dufour, V., Pascalis, O., & Petit, O. (2006). Face processing limitation to own species in pri-
mates: A comparative study in brown capuchins, Tonkean macaques and humans. Be-
havioural Processes, 73, 107—-113.

Ekman, P., & Oster, H. (1979). Facial expressions of emotion. Annual Review of Psychology,
30, 527-554.

Fujita, K. (1990). Species preference by infant macaques with controlled social experience. In-
ternational Journal of Primatology, 11, 553-573.

Fujita, K. (1993). Role of some physical characteristics in species recognition by pigtail mon-
keys. Primates, 34, 133-140.

Galdikas, B.M.F. (1988). Orangutan diet, range, and activity at Tanjung Puting, Central Borneo.
International Journal of Primatology, 9, 1-35.

Gothard, K.M., Erickson, C.A., & Amaral, D.G. (2004). How do rhesus monkeys (Macaca mu-
latta) scan faces in a visual paired comparison task? Animal Cognition, 7, 25—-36.
Hainline, L. (1978). Developmental changes in visual scanning of face and nonface patterns by

infants. Journal of Experimental Child Psychology, 25, 90—115.
Hashiya, K. (1999). Auditory-visual intermodal recognition of conspecifics by a chimpanzee

(Pan troglodytes). Primate Research, 15, 333—-342.



26

Hashiya, K., & Kojima, S. (2001). Acquisition of auditory—visual intermodal matching-to-sample
by a chimpanzee (Pan troglodytes): Comparison with visual-visual intramodal matching.
Animal Cognition, 4, 231-239.

Heywood, C.A., & Cowey, A. (1992). The role of the “face-cell” area in the discrimination and
recognition of faces by monkeys. Philosophical Transactions of the Royal Society of
London B: Biological Sciences, 335, 31-38.

Hill, H., & Bruce, V. (1996). Effects of lighting on the perception of facial surfaces. Journal of
Experimental Psychology: Human Perception and Performance, 22, 986—1004.

Hirata, S., Fuwa, K., Sugama, K., Kusunoki, K., & Fujita, S. (2010). Facial perception of con-
specifics: Chimpanzees (Pan troglodytes) preferentially attend to proper orientation and
open eyes. Animal Cognition, 5, 679-688.

Humphrey, N.K. (1974). Species and individuals in the perceptual world of monkeys. Percep-
tion, 3, 105-114.

Humphrey, N.K. (1976). The social function of intellect. In P.P.G. Bateson, & R.A. Hinde (Eds.),
Growing points in ethology (pp. 303-317). Cambridge, UK: Cambridge University Press.

Jolly, A. (1996). Lemur social behavior and primate intelligence. Science, 153, 501-506.

Judge, P.G., Kurdziel, L.B., Wright, R.M., Bohrman, J.A. (2012). Picture recognition of food by
macaques (Macaca silenus). Animal Cognition, 15, 313-325.

Keating, C.F., & Keating E.G. (1982). Visual scan patterns of rnesus monkeys viewing faces.
Perception, 11, 211-219.

MacKinnon, J.R. (1974). The behaviour and ecology of wild orang-utans (Pongo pygmaeus).
Animal Behaviour, 22, 3-74.

Mahajan, N., Martinez, M., Gutierrez, N., Diesendruck, G., Banaji, M., & Santos, L.R. (2011).
The evolution of intergroup bias: Perception and attitudes in rhesus macaques. Journal

of Personality and Social Psychology, 100, 387-405.



27

Malone, D.R., Tolan, J.C., & Rogers, C.M. (1980). Crossmodal matching of objects and photo-
graphs in the monkey. Neuropsychology, 18, 693—697.

Martin-Malivel, J. (1998). Existe-t-il une équivalence entre I'objet et sa représentation photo-
graphique ¢hez le babouin (Papio papio)? Primatologie 1, 249-268.

Martin-Malivel, J., & Okada, K. (2007). Human and chimpanzee face recognition in chimpan-
zees (Pan troglodytes): Role of exposure and impact on categorical perception. Behav-
ioral Neuroscience, 121, 1145-1155.

Meijaard, E., Welsh, A., Ancrenaz, M., Wich, S., Nijman, V., & Marshall, A. (2010). Declining
orangutan encounter rates from Wallace to the present suggest the species was once
more abundant. PLoS ONE 5(8), e12042.

Mitani, J.C., Grether, G.F., Rodman, P.S., & Priatna, D. (1991). Associations among wild orang-
utans: Sociality, passive aggregations or chance? Animal Behaviour 42, 33-46.

Nissen, H.W., Blum, J.S., & Blum, R.A. (1948). Analysis of matching behavior in chimpanzees.
Journal of Comparative and Physiological Psychology 41, 62—74.

Parr, L.A., & Heintz, M. (2009). Facial expression recognition in rhesus monkeys, Macaca mu-
latta. Animal Behaviour 77, 1507-1513.

Parr, L.A., Heintz, M., Lonsdorf, E., & Wroblewski, E. (2010). Visual kin recognition in nonhu-
manprimates: (Pan troglodytes and Macaca mulatta): Inbreeding avoidance or male dis-
tinctiveness? Journal of Comparative Psychology, 124, 343-350.

Parr, L.A., Siebert, E., & Taubert, J. (2011). Effect of viewpoint on face recognition in chimpan-
zees. Perception, 40, 863-872.

Parr, L.A., Winslow, J.T., Hopkins, W.D., & de Waal F.B.M. (2000). Recognizing facial cues: In-
dividual discrimination by chimpanzees (Pan troglodytes) and rhesus monkeys (Macaca
mulatta). Journal of Comparative Psychology, 114, 47-60.

Pascalis, O., & Bachevalier, J. (1998). Face recognition in primates: A cross-species study. Be-

havioural Processes, 43, 87-96.



28

Pascalis, O., de Haan, M., & Nelson, C.A. (2002). Is face processing species-specific during the
first year of life? Science, 296, 1321-1323.

Pokorny, J.J., & de Waal, F.B.M. (2008). Faces and behinds: Chimpanzee sex perception. Ad-
vanced Science Letters, 1, 99-103.

Porkorny, J.J., & de Waal, F.B.M. (2009). Face recognition in capuchin monkeys. Journal of
Comparative Psychology, 123, 151-160.

Rijksen, H.D. (1978). A field study on Sumatran orang utans (Pongo pygmaeus abelii Lesson
1827). Wageningen (The Netherlands): H Veenman and BV Zonen.

Rosenfeld, S.A., & van Hoesen, G.W. (1979). Face recognition in the rhesus monkey. Neuro-
psychologia, 17, 503-509.

Russon, A.E. (1998). The nature and evolution of intelligence in orangutans (pongo pygmaeus).
Primates, 39, 485-503.

Shumaker, R.W., Palkovich, A.M., Beck, B.B., Guagnano, G.A., & Morowitz. H. (2001). Sponta-
neous use of magnitude discrimination and ordination by the orangutan (pongo pyg-
maeus). Journal of Comparative Psychology, 115, 385-391.

Singleton, I., Knott, C.D., Morrogh-Bernard, H.C., Wich, S.A., & van Schaik, C.P. (2009). Rang-
ing behavior of orangutan females and social organization. In S.A. Wich, S.S. Utami At-
moko, T. Mitra Setia, & C.P. van Schaik (Eds.), Orangutans: Geographic variation in be-
havioral ecology and conservation (pp.205-213). New York: Oxford University Press.

Tanaka, M. (2003). Visual preference by chimpanzees (Pan troglodytes) for photos of primates
measured by a free choice-order task: Implication for influence of social experience.
Primates, 44, 157—165.

te Boekhorst, I.J.A., Schirmann, V.L., & Sugardijito, J. (1990). Residential status and seasonal
movements of wild orang-utans in the Gunung Leuser Reserve (Sumatra, Indonesia).

Animal Behaviour, 39,1098—1109.



29

Thompson, R.K.T., & Oden, D.L. (2000). Categorical perception and conceptual judgments by
nonhuman primates: The paleological monkey and the analogical ape. Cognitive Sci-
ence, 24, 363-396.

Tranel, D., Damasio, A.R., & Damasio, H. (1988). Intact recognition of facial expression, gender,
and age in patients with impaired recognition of face identity. Neurology, 38, 690—-696.

Tsao, D.Y., & Livingstone, M.S. (2008). Mechanisms of face perception. Annual Review of Neu-
roscience, 31, 411-437.

Utami, S.S., Goossens, B., Bruford, M.\W., de Ruiter, J.R., & van Hooff, J.A.R.A.M. (2002). Male
bimaturism and reproductive success in Sumatran orang-utans. Behavioral Ecology, 13,
643-652.

van Schaik, C.P. (1999). The socioecology of fission-fusion sociality in orangutans. Primates,
40, 69-86.

van Schaik, C.P., Preuschoft, S., & Watts, D.P. (2004). Great ape social systems. In A.E. Rus-
son & D.R. Begun (Eds.), The evolution of thought: evolutionary origins of great ape in-
telligence (pp. 190-209). Cambridge, UK: Cambridge University Press.

van Schaik C.P., & van Hooff, J.A.R.A.M. (1996). Toward an understanding of the orangutan’s
social system. In W.C. McGrew, L.F. Marchant, & T. Nishida (Eds.), Great ape societies
(pp. 3-15). Cambridge, UK: Cambridge University Press.

Washburn, D.A., Gulledge, J.P., James, F., & Rumbaugh, D.M. (2007). A species difference in
visuospatial working memory: Does language link "What" With "Where"? International
Journal of Comparative Psychology, 20, 55-64.

Winner, E., & Ettlinger, G. (1979). Do chimpanzees recognize photographs as representations
of objects? Neuropsychologia, 17, 413—420.

Zayan, R., & Vauclair, J. (1998). Categories as paradigms for comparative cognition. Behav-

ioural Processes, 42, 87-99.



30



	Georgia State University
	ScholarWorks @ Georgia State University
	Summer 8-2012

	Performance on a Face Discrimination Task by Orangutans Reflects a Possible Interaction between Familiarity and Novelty
	Catherine F. Talbot
	Recommended Citation


	Microsoft Word - 303964-text.native.1342108718.doc

