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Abstract We investigated whether chimpanzees, bono-
bos, and orangutans encoded the location of a reward
hidden underneath one of three identical cups in relation to
(1) the other cups in the array—i.e., the relative position of
the baited cup within the array; or (2) the landmarks sur-
rounding the cups—e.g., the edge of the table. Apes wit-
nessed the hiding of a food reward under one of three cups
forming a straight line on a platform. After 30 s, they were
allowed to search for the reward. In three different exper-
iments, we varied the distance of the cups to the edge of the
platform and the distance between the cups. Results
showed that both manipulated variables affected apes’
retrieval accuracy. Subjects’ retrieval accuracy was higher
for the outer cups compared with the Middle cup, espe-
cially if the outer cups were located next to the platform’s
edge. Additionally, the larger the distance between the
cups, the better performance became.
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Introduction

Encoding and remembering the spatial location of various
entities including food sources, conspecifics, and predators
is essential for the survival of many animal species. There
are several different types of information that animals can
use when encoding location, but they fall under two main
categories: egocentric information and environmental
information. An individual using egocentric spatial coding
localizes objects with respect to its own body position (see
Newcombe and Huttenlocher 2000; Shettleworth 2010 for
reviews), whereas an individual using environmental
information uses allocentric spatial coding, which localizes
objects in relation to external reference points. These
external reference points can be any object or feature of the
environment (landmarks), or the geometric shape of the
environment that the individual can use to orient and
navigate toward its goal (Cheng and Newcombe 2005;
Chiandetti et al. 2007; Sovrano et al. 2007). The use of
landmarks to find a target location is widespread in the
animal kingdom (see Cheng and Spetch 1998; Spetch and
Kelly 2006 for reviews).

In the present study, we investigated how great apes
encoded the location of a food reward placed underneath
one of three identical cups resting on a platform and
forming a straight line. As the three cups were identical,
subjects needed to use spatial information to locate the
baited cup. This information could be egocentric, allo-
centric—e.g., the cup’s distance from an external landmark
(e.g., the table edges)—or relational—i.e., the cup’s rela-
tive position within the array.

In a similar task, cats (Fiset and Dore 1996) and dogs
(Fiset et al. 2000) primarily used egocentric (or directional)
information about the position of a hiding container (i.e.,
left or right of their body) to find a food reward. However,
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when egocentric information became unreliable (i.e., they
were moved before they were allowed to choose), they
used allocentric spatial information. Fiset and Dore (1996)
further tested which of the two possible allocentric cues
they were encoding: the relative position of the hiding
container within the array (i.e., the left, middle, or right
container) or the container’s distance from the walls. They
found that cats used the distance from the walls as
cues, rather than the relative positions of the containers.
Chickadees (Brodbeck 1994), bumblebees (Church and
Plowright 2006), and pigeons (Legge et al. 2009) have all
been shown to preferentially encode the global location of
a rewarded stimulus. Interestingly, however, chickadees
(Brodbeck 1994) and pigeons (Spetch and Edwards 1988)
have also been found to use local cues (i.e., the surrounding
stimuli) when encoding a reward’s position, and chicks
have been found to be able to discriminate between two
identical boxes by their relative positions (i.e., the left or
right box) (Vallortigara and Zanforlin 1986).

In experimental settings, primates have been shown to
have very good spatial memory (e.g., Garber and Paciulli
1997; MacDonald 1994; MacDonald and Agnes 1999;
MacDonald and Wilkie 1990; Menzel 1973). Moreover,
numerous studies have found that nonhuman primates
readily use landmark cues to search for hidden food (e.g.,
Deipolyi et al. 2001; Dolins 2009; MacDonald et al. 2004;
Menzel 1996; Poti 2000; Poti et al. 2010; Sutton et al.
2000). Additionally, primates can successfully find a
reward that they have seen placed under one of several
identical, linearly arrayed opaque containers (Albiach-
Serrano et al. 2010; Barth and Call 2006; Call 2001; de
Blois and Novak 1994; de Blois et al. 1998; Deppe et al.
2009; Fedor et al. 2008; Mendes and Huber 2004). In most
of these studies, comparable retrieval accuracy has been
shown for all the containers when a single food reward is
hidden (Albiach-Serrano et al. 2010; Barth and Call 2006;
Call 2001; de Blois and Novak 1994; de Blois et al. 1998;
Deppe et al. 2009; Fedor et al. 2008; Mendes and Huber
2004). However, Beran et al. (2005) reported that when
two rewards were hidden in a 5- and 7-container array,
chimpanzees were more accurate in retrieving these
rewards when the rewards were hidden either in the
external positions or in adjacent containers. The authors
suggested that the chimpanzees’ mistakes were the result of
memory errors concerning the exact location of the second
hidden item. Furthermore, they argued that it may be easier
to remember the location of food hidden in the extreme
containers as these containers do not have distracter con-
tainers on both sides.

In line with the above prediction, Hoffman and Beran
(2006) found similar results when only one food reward was
hidden in a 3- or 4-container array. That is, chimpanzees
performed worse when the Middle cup(s) contained food
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than when either of the two outer cups were baited. In this
study, however, after observing a reward being hidden in
one of the containers, chimpanzees had to walk around the
array, therefore turning 180°. As before, the authors sug-
gested that this worse performance on the Middle
cup(s) was likely due either to the distracting foils located
on both sides of the Middle cup(s), or to the more salient
features that surrounded the outer containers. Interestingly,
chimpanzees were equally successful with all cups when
they remained and made their choice from the original
position. The authors suggested that chimpanzees used both
allocentric and egocentric spatial cues when they did not
move, but when they moved to a new position—meaning
that allocentric and egocentric cues led to different con-
tainers—then chimpanzees showed a preference for allo-
centric cues. Other studies have further supported this
notion that great apes prefer allocentric over egocentric
coding when they are forced to move (Albiach-Serrano
et al. 2010; Haun et al. 2006b). However, none of these
studies directly investigated the specific allocentric cues
that primates may use to encode a reward’s location.

Recently, Hribar et al. (2011) presented chimpanzees,
bonobos, and orangutans with a search task in which they
had to locate a reward in a 3-cup array, after observing a
reward being hidden in a different but identical 3-cup
array. To be successful, apes needed to choose the cup in
the second array that was in the same relative position as
the baited cup in the first array. Apes showed no evidence
of using the relative position of the baited cup as a cue to
search for the hidden reward. Rather, apes preferentially
mapped together the cups from the two arrays that held a
similar relation to the table’s edge and midpoint (land-
marks). Specifically, apes’ performance was worst when
the Middle cup was baited, which the authors suggested
was due to the absence of a differential landmark cue next
to that cup. However, it is also possible that apes performed
worst on the Middle cup because the cups surrounding it
may have exerted a distracting influence, as suggested by
Beran et al. (2005).

The goal of the current study, therefore, was to inves-
tigate whether apes encoded the location of a hidden
reward in relation to (1) the other cups in the array (i.e., the
relative position of the baited cup within the array) or (2)
the landmarks surrounding the array (e.g., the edge of the
table). In addition, we examined whether apes might be
using egocentric information as well (i.e., left or right of
their own body). Apes witnessed the hiding of a food
reward under one of three cups which rested on a platform
and formed a straight line. After 30 s, the apes were
allowed to search for the reward from their original posi-
tion. We imposed a time delay because previous studies
have shown near ceiling performance when using a 3-cup
array (including the Middle cup) and no delay, and a
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marked decrease in performance when using a 3-cup array
and a 30-s delay (Barth and Call 2006). In addition, the
experimenter lured subjects away from the array to break
their visual contact with the cups for a short time, which
has also been shown to interfere with their performance
(Hoffman and Beran 2006). In order to make them leave
the array, apes were offered a low-value food at a different
location, and this interaction with the experimenter prob-
ably represented additional distraction for them. In three
experiments, we varied the distance between the cups and
the distance of the array to the edge of the table. We tested
chimpanzees, bonobos, and orangutans to investigate inter-
species differences. Previous studies have shown that
chimpanzees outperform orangutans in some spatial tasks
(Albiach-Serrano et al. 2010; Barth and Call 2006; Herr-
mann et al. 2007). In the present study, we tested the
putative superiority of chimpanzees over orangutans in
spatial cognition in the absence of displacements.

Experiment 1

In Experiment 1, apes observed a food reward being hidden
underneath one of three physically identical cups standing
next to each in a straight line. After 30 s, the ape was
allowed to search for the reward. Here, we wanted to
examine whether apes would be more successful in finding
the reward when it was hidden underneath the Left and
Right cups than when it was hidden underneath the Middle
cup.

Methods
Subjects

Six chimpanzees (Pan troglodytes), five bonobos (Pan
paniscus), and five orangutans (Pongo pygmaeus) housed
at the Wolfgang Kohler Primate Research Centre, Zoo
Leipzig, participated in this study (see Table 1). Their ages
ranged between 7 and 35 years. There were 11 females and
5 males. Three chimpanzees, three bonobos, and two
orangutans were nursery reared, and the rest were mother
reared. The apes live with their conspecifics in spacious
indoor and outdoor areas (combined space: chimpanzees:
1,740 mz, bonobos: 2,620 m2, orangutans: 1,999 m2).
They are fed several times a day, and they were never food
deprived during our study. Water is available to them
ad libitum, as well as during testing. They were tested
individually in their sleeping rooms, except for five mothers
that were accompanied by their infants. Most of the apes
have previously participated in various experiments con-
cerning spatial encoding (Haun et al. 2006a, b; Kanngiesser
and Call 2010), episodic-like memory (Martin-Ordas et al.
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Table 1 Apes tested in this study
Name Sex Age (years)” Rearing Experiment
Chimpanzees
Jahaga F 16 Mother 1,2, 3
Fifi F 16 Mother 1,2,3
Trudi F 16 Mother 1,2,3
Alexandra F Nursery 1,2,3
Annett F Nursery 1,2,3
Alex M Nursery 1,2, 3
Bonobos
Luiza F 5° Mother 3
Ulindi F 15 Mother 1,2,3
Yasa F 11 Mother 1,2,3
Limbuko M 13 Nursery 1,2,3
Kuno M 12 Nursery 1,2,3
Joey M 27 Nursery 1,2,3
Orangutans
Raaja F 6° Mother 3
Kila F 9° Mother 3
Dunja F 36 Nursery 1,2
Padana F 11 Mother 1,2,3
Pini F 20 Mother 1,2,3
Dokana F 21 Mother 1,2,3
Bimbo M 28 Nursery 1,2, 3

* Age at the time of Expl; Exp2 was done six and Exp3 15 months
after Expl

® Age at the time of Experiment 3

2010) and spatial mapping (Haun and Call 2009; Hribar
et al. 2011).

Materials

We used one array consisting of three identical plastic cups
(d = 8 cm) arranged in a straight line on a blue tray
(31 cm x 14 cm). This array always rested on the left half
of a sliding table (80 x 35 cm) from the experimenter’s
viewpoint (see Fig. 1a). The outer cups were situated next
to the edges of the tray, and the distance between the cups
was 3.5 cm. The distance of the left-most edge of the tray
(and therefore of the Left cup) from the table’s edge was
8 cm. As a low-value food, we used small slices of carrot
for all subjects. With the exception of one orangutan where
banana pellets were used, grapes served as a high-value
food for the subjects.

Procedure

The sliding table was fixed to a mesh panel
(70 cm x 50 cm) through which apes could observe and
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Fig. 1 Experimental setup for a Experiments 1 and 2. Depicted is a
testing room with a setup for the bonobos and chimpanzees (with one
difference—the bonobos had to walk to the right panel and the
chimpanzees to the left panel to get carrot). For the orangutans, a

point to the cups. At the beginning of each trial, all cups lay
on their sides with the opening facing toward the subject.
Initially, apes observed the cups being overturned
(“closed”) while a food reward was placed underneath one
of the cups. At this point, the timer was started. After 5 s,
the experimenter got up and went to a second panel (approx.
2 m away) either to the left (for the orangutans and the
chimpanzees) or to the right (for the bonobos) and offered
subjects a small piece of carrot. While some subjects did not
always eat the piece of carrot, it was always the case that
subjects approached the experimenter. When the subject
followed the experimenter to receive a carrot, she had to let
the baited cup out of her sight. The experimenter then
waited 20 s at the second panel before returning to the table.
When 30 s had elapsed, she pushed the table forward and
the subject could point through the mesh to the chosen cup.
Each subject received one session of 12 trials. Each cup was
baited four times in a semi-random order; the same cup
could only be baited twice in a row.

@ Springer

room and a setup were an exact mirror picture of the bonobos’ setup.
b Experiment 3. The setup was the same for all species. The arrows
indicate the second panel where the apes were offered a piece of
carrot

Scoring and data analysis

We filmed all sessions, and scoring was done live as well as
subsequently from the videos. We scored which cup (Left,
Middle, Right) apes chose, and the dependent measure was
the percentage of correct trials. A second coder scored
20% of trials (approx. 20% for each species) to assess
inter-observer reliability, which was excellent (Cohen’s
kappa = 0.96). Preliminary analyses showed no sex dif-
ferences in performance on any of the cups, and as such, we
did not include this variable in the subsequent analyses. To
test whether there was a difference in performance in the
three cups, and whether there were any species differences,
we conducted a mixed 3 (Cups) x 3 (Species) analysis of
variance (ANOVA), with Cups as the within-subjects var-
iable and Species as the between-subjects variable. Per-
formance on each cup was also compared against chance
level using a one-sample ¢ test. As apes could choose from
three cups, chance level was set at 33.3% correct.
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Results and discussion

Figure 2 presents the percentage of correct trials as a
function of the baited cups’ position and species. On
average, apes correctly selected the Left and Right cups in
90% and 82.5% of trials, respectively, which was above
chance (T;5 > 9.070, P < 0.001, in both cases). In contrast,
the Middle cup was correctly selected in only 48% of trials,
which was not significantly above chance (T}5 = 1.829,
P =0.087). ANOVA revealed main effects of Cups
(Fa, 26 = 15.135, P < 0.001) and Species (f,, 13 = 7.908,
P = 0.006), but no interaction between these factors
(Fy4, 26 = 2.015, P = 0.122). Bonferroni-corrected post hoc
tests revealed that the apes found the reward significantly
more often when it was hidden under the Left cup
(P < 0.001) and the Right cup (P = 0.011) than when it
was hidden under the Middle cup. There was no difference
in apes’ performance on the Left and the Right cups
(P = 0.965). Orangutans performed significantly worse
than chimpanzees (P = 0.005), but no significant differ-
ence was found when their performance was compared
with bonobos’ (P = 0.087). There was no significant dif-
ference between chimpanzees’ and bonobos’ performance
(P = 0.565).

In summary, apes had greater difficulty in retrieving a
reward hidden underneath the Middle cup compared with
the outer two cups. In the next experiment, we tested two
possible explanations for this difference. The first expla-
nation is that each cup was encoded by way of the two
relations it held with the other two cups. The Left cup is
left of the other two cups; the Right cup is right of the other
two cups; and the Middle cup is left of the Right cup and
right of the Left cup. Note that this might explain the
decreased performance in the Middle cup, as both the Left
and Right cups (by virtue of being at the extremities) hold
the same relation with the other two cups, whereas the

|l Left cup 0 Middle cup o Right cup |

100

i BN

60 1
50 1
40 1
30 1
20 1

chance
33%

% correct

Bonobos Chimpanzees

Species

Orangutans

Fig. 2 Experiment 1: apes’ percentage correct for each cup as a
function of species. Bars represent standard error

Middle cup’s position is in between the other two cups,
meaning it holds two different relations with the other
cups. The second explanation is that apes encoded the three
cups in relation not to the other cups, but to external ref-
erence points. These external reference points, or land-
marks, could be the edges of the tray on which the cups
rested, the edges of the table, or possibly, the middle of the
table. Edges of a platform and boundaries have been found
to be quite salient landmarks for nonhuman animals
(Cheng and Sherry 1992; Hoffman and Beran 2006;
Kubo-Kawai and Kawai 2007). Humans’ spatial recall is
also affected by visual boundaries (Bullens et al. 2010;
Huttenlocher et al. 1994) and by symmetry axes, such as an
invisible middle line dividing a space into two halves
(Huttenlocher et al. 1994). Hribar et al. (2011) also sus-
pected that apes in their study might be using the middle of
the table as a reference point. The Left and Right cups
therefore had an obvious landmark next to them, whereas
the Middle cup was somewhere between the edge and the
middle of the table. As such, it did not have a specific
landmark of its own next to it, but it had to be defined by
two landmarks, which previous studies have shown is a
demanding task for primates (MacDonald et al. 2004;
Marsh et al. 2011; Poti et al. 2005, 2010; Sutton et al.
2000).

Experiment 2

In Experiment 2, we placed the three cups over the whole
length of the table (Full table condition), so that the Left
and Right cups stood next to the table’s edges and the
Middle cup occupied the position in the middle of the
table. Thus, all three cups were located near a salient
landmark—table’s edges and the middle of the table. The
predictions are that if the apes encode the cups by their
relation to nearby landmarks, then their performance on
the Middle cup will now not differ from their perfor-
mance on the other two cups. However, if the apes
encode the cups using their spatial relation within the
array, then once again they should perform worse on
the Middle cup. We wanted to compare the results from
the Full table condition with the results from Experiment
1, but since it was conducted 6 months after Experiment
1, we decided to run Experiment 1 (henceforth Half table
condition) again, so as to make sure that the apes’ per-
formance on the original spatial memory task did not
change during this time.

Subjects

Subjects were the same as in Experiment 1.
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Materials
Materials were exactly the same as in Experiment 1.
Procedure

There were two conditions: the Half table and the Full table
condition. The Half table condition was identical to
Experiment 1. In the Full table condition, the three cups
were placed directly on the table, spread out over its whole
length. The cups were separated by a distance of ca. 17 cm.
The rest of the procedure was exactly the same as in the
Half table condition. All subjects participated in both
conditions, which were blocked in 12 trials and presented
on separate days. Half of the subjects started with the Half
table condition, and the other half of the subjects started
with the Full table condition. The position of the food
reward was semi-randomized; the same position (cup) was
not baited on more than two consecutive trials. All subjects
walked over to the experimenter when she offered them a
piece of carrot at the second mesh (again some did not eat
it) except one bonobo. This one bonobo chose to stay in
front of the cups in some trials, but he did not look at the
cups continuously during the 30-s interval.

Scoring and data analysis

Scoring was done in the same way as in the previous
experiment. Inter-observer agreement was 100% (Cohen’s
kappa = 1). Preliminary analyses showed no sex differ-
ences in performance on any of the cups, and as such, we
did not include this variable in the subsequent analyses. To
investigate the effect of the baited cups’ position in the two
conditions, we conducted a 3 (Cups) x 2 (Condition) x 3
(Species) analysis of variance (ANOVA), with Cups and
Condition serving as within-subjects variables, and Species
serving as a between-subjects variable. To compare the two
conditions on each cup separately, we conducted paired-
samples ¢ tests (two-tailed).

Results and discussion

Figure 3 separately presents the percentage of correct trials
as a function of the baited cups’ position and species for
both conditions. ANOVA revealed main effects of Cups
(Fa, 26 = 14.228, P < 0.001), Condition (F;, ;3 = 18.670,
P = 0.001), and Species (F;, 13 = 7.286, P = 0.008). There
were also two significant interactions: Cups x Condition
(F2, 26 =7.344, P =0.003) and Cups x Condition x
Species (F4, 26 = 3.381, P = 0.024).

The effect of species was due to the lower performance
of the orangutans compared with the chimpanzees
(P = 0.018) and the bonobos (P = 0.015). There was no
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Fig. 3 Experiment 2: percentage of correct responses for each cup as
a function of species in a Half table condition, b Full table condition.
Bars represent standard error

significant performance difference between the chimpan-
zees and the bonobos (P > 0.05).

Because the key variable of interest was Condition, we
investigated the pattern of the three-way interaction by
conducting a mixed 3 (Cups) x 3 (Species) ANOVA
separately for each condition. In the Half table condition,
we found a main effect of Cups (F, 26 = 13.470,
P < 0.001) but not of Species (F,, 13 = 1.943, P = 0.183),
and the interaction between these factors was not signifi-
cant (F4 .6 = 2.007, P = 0.123). Bonferroni-corrected
post hoc tests revealed that the main effect of Cups was due
to the apes’ significantly lower performance on the Middle
cup (47%), relative to the Left (87.5%, P = 0.001) and the
Right cups (74%, P = 0.024). These results replicate the
results of Experiment 1: The apes were significantly
impaired in remembering where the reward was hidden
when it was underneath the Middle cup.

In the Full table condition, we found a main effect of
Species (F,, 13 = 6.657, P = 0.010), a marginal effect
of Cups (Greenhouse-Geisser corrected, Fj3e3. 17.714 =
3.771, P = 0.057), and no reliable interaction between
these factors (Fy, ¢ = 1.978, P = 0.128). Bonferroni-
corrected post hoc tests again showed that the orangutans
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performed significantly worse than the chimpanzees
(P = 0.030) and the bonobos (P = 0.016). The apes per-
formed better on the Right cup compared with the Middle
cup (P = 0.009), but there was no difference between the
Left and the Middle cups or between the Left and the Right
cups (P > 0.05).

We further compared apes’ performance on the three
cups in the Half table condition with their performance on
the three cups in the Full table condition. Apes performed
significantly better on the Middle cup (75 = 4.743,
P < 0.001) and the Right cup (75 = 2.671, P = 0.017) in
the Full table condition, but there was no significant dif-
ference between conditions on the Left cup (75 = 0.522,
P = 0.609). Finally, we compared the results from
Experiment 1 with the results from the Half table condition
of Experiment 2 to investigate whether apes’ performance
had changed with additional experience. It had not: The
apes’ performance in the two experiments did not signifi-
cantly differ on any of the three cups (75 < 1.05,
P > 0.31, in all cases).

To summarize, apes performed significantly better on
the Middle cup when it stood in the middle of the table
(Full table), compared with when it did not (Half table).
Additionally, subjects also performed significantly better
on the Right cup when it stood near the edge of the table
(Full table), compared with when it stood in the middle of
the table (Half table). Since the relations between the cups
are the same in both table conditions, these data fail to
support the idea that subjects were using the relative spatial
position of the cups to encode food location. Instead, it
appears that apes encoded each cup separately in relation to
a specific landmark.

Apes’ high performance on the cups located near the
table’s edges suggests that edges are important landmarks
for the encoding of spatial location. Of course, in the Half
table condition, apes could have potentially used the tray
edge as a landmark cue. However, the observed decrease in
performance in the Half table condition when the Right cup
was moved away from the table’s edge suggests that they
did not use the tray edge, but rather the table edge and/or
the middle of the table. Indeed, the difference in perfor-
mance on the Middle cup between the Full and the Half
table conditions suggests that the middle of the table was
likely used as a landmark.

However, it is still possible that apes may have ignored
the middle of the table as a landmark, focusing solely on
the table’s edges as landmark cues. If true, this would mean
that the closer a cup is to one of the table’s edges, the easier
it will be for apes to remember that a reward is located
underneath that cup. Thus, the difference between the
conditions in the performance on the Middle cup may not
be due to its different position within each condition, but
rather to the distance between the cups within each array.

Note, in the Full table condition, the cups were further
apart than in the Half table condition, and as such, it might
have been easier for the apes to remember under which cup
the reward was hidden. In the next experiment, we sought
to disentangle these possibilities.

Experiment 3

Experiment 2 suggested that apes encoded the location of
the baited cup with regard to external landmarks based on
geometric cues (middle of the table) or physical properties
of the environment (table’s edge). In the current experi-
ment, we examined how distance to the landmarks and
distance between cups affected subjects’ choices.

Methods
Subjects

Six chimpanzees, six bonobos, and six orangutans socially
housed at the Wolfgang Kohler Primate Research Centre,
Zoo Leipzig, participated in this experiment (see Table 1).
There were 13 females and 5 males ranging in age between
4 and 28 years. Subjects were tested individually in their
sleeping rooms, except for six mothers that were accom-
panied by their infants.

Materials

We used an array of three identical metal round cups
(d = 6 cm) and three testing tables (Small: 26.5 x 35 cm;
Medium: 45 x 35 cm; Large: 82 x 35 cm). Cups were
placed on a moving platform which was the same length as
the table, but 10 cm narrower. As a low-value food we
again used small slices of carrot, and as a high-value food
we used grapes, except for one orangutan that received
banana pellets.

Procedure

We followed the same basic procedure as in previous
experiments. First, we placed the 3-cup array on a platform
in front of the mesh panel (83 cm x 50 cm). All tables
with the corresponding platforms were always positioned
in the center of the testing mesh panel. Each trial started
with all three cups being “opened” (right way up). The
experimenter “closed” (upturned) two of the cups and then
placed a food reward underneath the last cup. After 5 s, the
experimenter got up and walked to a mesh panel to her left,
where she offered the subject a small piece of carrot. All
subjects walked over to the experimenter when she offered
them the piece of carrot (some did not eat it), except two
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bonobos that chose to stay in the place where they had
observed the hiding in some trials. As soon as the subject
approached the experimenter to take the carrot, an opaque
panel forced the subject to break eye contact with the cups
(see Fig. 1b). After 20 s, the experimenter went back to the
testing table, and after 30 s, she pushed forward the plat-
form on which the cups rested, so the subject could point to
one of them. There were four conditions that differed in the
positioning of the cups on the table (either occupying one
half of the table or the full table) and in the distance
between the cups (which could either be small or large)
(Fig. 4).

1. Full table Near The cups occupied the whole length
of the Small table such that the Left cup rested 1 cm
from the left edge of the table, the Right cup rested
1 cm from the right edge of the table (Edge cups),
and the third cup was positioned between them in the
middle of the table (Middle cup). The distance
between adjacent cups was 3.25 cm.

2. Full table Far This condition was identical to the Full
near condition except that we used the Medium table.
This resulted in a distance between adjacent cups of
12.5 cm.

3. Half table Near The cups occupied only half of the
Medium table. This meant that one cup always stood
1 cm from the table’s edge (Edge 1 cup), one cup
always stood in the middle of the table (Edge 2 cup),
and one cup always stood between the Edge 1 and
Edge 2 cups (Middle cup). In the first half of trials, the
cups were placed on one side of the table, and in the
second half of trials, the cups occupied the other side

mesh panel

Full table-Near

: 3.25t‘ ®

26.5cm

Full table-Far

i 12.5cm @ ®

45cm

<

Half table-Near

®

3.25cm

Half table-Far

82cm

>

Fig. 4 The positioning of the cups for the four conditions. L Left cup,
M Middle cup, R Right cup, E/ Edgel cup, E2 Edge2 cup
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of the table. The starting side (left or right half of the
table) was counterbalanced across subjects. The
distance between adjacent cups was 3.25 cm.

4. Half table Far This condition was identical to the
Half near condition except that we used the Large
table, resulting in a distance between adjacent cups
of 12.5 cm.

The only difference between the Full table Near and the
Full table Far conditions, and between the Half table Near
and the Half table Far conditions, is the distance between
the cups. Therefore, if apes performed better on the Far
conditions than on the Near conditions, this would be a
strong evidence that inter-cup distance affects apes’ per-
formance. Similarly, there is only one difference between
the Full table Near and the Half table Near conditions, and
between the Full table Far and the Half table Far condi-
tions. Specifically, the Full table conditions have two cups
directly located at the table edges, and the Half table
conditions have only one cup directly located at a table
edge. As such, if apes performed differently on the outside
(Left or Right cups) cups that were directly located at the
table’s edge and the outside cups that were in the middle of
the table, then this would be a strong indication that apes
were using landmarks—table edge to encode the location
of the baited cup—and not egocentric cues, such as the
angle and the distance from their body to the baited cup.
Additionally, by comparing performance on the Middle
cup in the Full table Near and Half table Near conditions,
and in the Full table Far and Half table Far conditions, we
can test whether the apes were using the middle of the table
as a landmark.

Subjects received four 12-trial sessions (one session per
condition). Starting condition was counterbalanced across
subjects, and the order of the conditions was different for
every subject. The position of the reward was semi-ran-
domized; the same position (cup) was not baited on more
than two consecutive trials.

Scoring and data analysis

Scoring was done in the same way as in the previous two
experiments. Inter-observer reliability was excellent
(Cohen’s kappa = 0.99). Preliminary analyses showed no
sex differences in performance on any of the cups, and as
such, we did not include this variable in the subsequent
analyses. Variables of interest were the distance between
cups (far or near), the positioning of the array (over the
whole table or over one half of the table), and the cups’
position on the table. Due to the fact that the outer two cups
in the Full table conditions were both Edge 1 cups (i.e.,
placed directly at a table’s edge), but in the Half table
conditions the two outer cups were two different types of
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Edge cups—one at the edge and the other in the middle of
the table—we analyzed the Half and Full table conditions
separately. Therefore, a mixed 2 (Distance) x 3 (Cups) x 3
(Species) analysis of variance (ANOVA), with Distance
and Cups as within-subjects variables, and Species as a
between-subjects variable, was conducted separately for
each condition. In addition, to compare each condition’s
performance against chance (33.3%), we conducted one-
sample ¢ tests. Moreover, we compared individual cups
between conditions with paired-samples ¢ tests.

Results and discussion

Figures 5 and 6 present the percentage of correct responses
for each cup as a function of species for all four conditions.
Overall, apes found the hidden food reward above chance
levels (33%) in all conditions (Full table Near: 65%,
T1; = 9.25, P < 0.001; Full table Far: 81%, T17 = 7.29,
P < 0.001; Half table Near: 62%, T,7 = 13.15, P < 0.001;
Half table Far: 76%, T,; = 12.68, P < 0.001).

ANOVA for the Full table conditions revealed main
effects of Distance (Fy ;5 = 19.636, P < 0.001), Cups
(Greenhouse-Geisser  corrected, F 22318338 = 41.948,

(a) Full table Near condition
|l Left cup O Middle cup O Right cup |

L
+

100 -
90 -
80
70
60
50
40
30
20
10 A
0

% correct

chance
33%

Bonobos Chimpanzees

Species

Orangutans

(b) Full table Far condition
m Left cup 0 Middle cup o Right cup |

_I_

100 -
90
80 -
70 -
60 -
50 -
40 -
30 |
20 -
10 |
0 4

chance
33%

% correct

Bonobos Chimpanzees

Species

Orangutans

Fig. 5 Experiment 3: percentage of correct responses for each cup as
a function of species in a Full table Near condition, b Full table Far
condition. Bars represent standard error

(a) Half table Near condition
|l Edge1 cup O Middle cup o Edge2 cup

100 7
90 1
80 1 ~]:—
70 1 +

60 1

50 1

chance
40 T 33%
30 1
20 1

10 1
0+

% correct

Bonobos Chimpanzees Orangutans

Species

(b) Half table Far condition

|l Edge1 cup O Middle cup O Edge2 cup |

100 7

.

60 1
50 1
s
30 1
20 1
10 1

% correct

Bonobos Chimpanzees

Species

Orangutans

Fig. 6 Experiment 3: percentage of correct responses for each cup as
a function of species in a Half table Near condition, b Half table Far
condition. Bars represent standard error

P < 0.001), and Species (F,, 15 = 5.157, P = 0.020). Apes
found the reward more often in the “Far” condition (81.5%)
than in the “Near” condition (65%). Bonferroni-corrected
post hoc tests revealed that apes’ success was higher on the
Left and Right cups (the Edge cups) compared with the
Middle cup (both Ps < 0.001), and that the bonobos per-
formed better than the orangutans (P = 0.019). There were
no other species differences. There was also a significant
interaction between Distance and Cups (Greenhouse-Geisser
corrected, F'y 385, 20760 = 4.506, P = 0.035). To investigate
this interaction, we compared the three cups in the Near and
Far conditions separately. In both conditions, apes’ success
varied on the three cups (Near: F; 34 = 15.421, P < 0.001;
Far: F, 34 = 37.155, P < 0.001). Bonferroni-corrected post
hoc tests showed that, in both conditions, apes’ success was
higher on the Left and Right cups than on the Middle cup (all
Ps < 0.002). However, this difference was more pronounced
in the Near condition (87.5%, 29.2%, 77.5%, Left, Middle,
Right cup, respectively) than in the Far condition (93.1%,
58.3.1%, 93.1%, Left, Middle, Right cup, respectively).
ANOVA for the Half table conditions also revealed
main effects of Distance (F; ;5 = 16.399, P = 0.001),
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Cups (F,, 30 = 19.203, P < 0.001), and Species (F>,
1s = 4.435, P = 0.031). Bonferroni-corrected post hoc
tests revealed that apes performed better on the Edge 1 cup
(91%) than on both the Edge 2 cup (70%, P = 0.013) and
the Middle cup (45%, P < 0.001). Additionally, apes’
success was higher on the Edge 2 cup than on the Middle
cup (P = 0.024). Again, apes located the food reward more
often in the “Far” condition (76%) than in the “Near”
condition (62%), and bonobos outperformed orangutans
(P = 0.029). There were no significant interactions
between factors.

In both analyses, there was an effect of Distance: Apes’
success was higher when the cups in the array were put
further apart. By examining Figs. 5 and 6, we see that in
the Full table and Half table conditions this effect was
highest for the Middle cup. We were also interested in
whether this was true for the outer cups too. As such, we
compared the two Full table conditions on the Left, Middle,
and Right cups, and we compared the two Half table
conditions on the Edge 1, Middle and Edge 2 cups. There
was a significant difference between the two Full table
conditions in all three cups, with performance on the
Far condition being higher (Left cups: Ty; = 2.204,
P = 0.042; Middle cups: T;7 = 3.580, P = 0.002; Right
cups: T1; = 2.500, P = 0.023). However, in the Half table
conditions, apes performed differently only on the Middle
cup (Ty7; = 3.449, P = 0.003).

We further wanted to examine whether the apes found
the reward that was hidden underneath the Middle cup
more often when it stood in the middle of the table com-
pared with when it did not. Consequently, we compared the
Full table Near condition with the Half table Near condi-
tion, and the Full table Far condition with the Half table Far
condition. There were no significant differences in either of
these comparisons (777 > 0.170, P > 0.5, both cases).

Even though the above results already suggest that apes
did not use egocentric information to find the hidden
reward (i.e., apes performed equally well on the Left and
Right cups in the Full table conditions, but not on the Edge
1 and Edge 2 cups in the Half table conditions), we
investigated in more detail the possibility that apes used
egocentric cues. One indication whether apes were using
egocentric cues would be if they systematically used their
left hand to point to the Left cup, and their right hand to
point to the Right cup. We examined apes’ choices in all
four conditions. In the Full table Near, Half table Near, and
Half table Far conditions, only one subject (a different one
in each condition) consistently indicated to the Left and
Right cups with their left and right hands, respectively. In
the Full table Far condition, three subjects indicated to the
Left and Right cup with the corresponding hand 100% of
the time (one additional subject in 7/8 times). Eight sub-
jects always used the same hand to point with (6 with the
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left hand and 2 with the right), and the rest of the subjects
did not show any preference. The low number of subjects
that consistently used the corresponding hand indicates that
apes did not use their body cues to encode location.
However, if pointing to the cups with the corresponding
hand did help the apes to better recall the position of the
hiding cup, then we should expect higher performance on
the Left and Right cups for those subjects who consistently
used the corresponding hand than for those who always
used the same hand. We performed this analysis only for
the Full table Far condition, and we found no significant
differences between the groups (Mann—Whitney test:
Z <041, P =1.0, N = 12, both cups).

In summary, there were four main results: apes had most
trouble remembering the reward’s location when it was
placed underneath the Middle cup, no matter what its
position on the table. In other words, we did not find any
evidence that apes were using the middle of the table as a
landmark. Second, apes’ success was higher when the
distance between the cups was larger; however, this effect
was more pronounced for the Middle cup. Third, we did
not find any evidence that the apes were using egocentric
cues. Finally, the apes were most successful when the
reward was hidden underneath a cup that was located at
the very edge of the table, suggesting that the apes used the
table edges as landmarks.

General discussion

We investigated how chimpanzees, bonobos, and orangu-
tans encoded the location of a reward hidden underneath
one of three identical cups that formed a straight line on a
platform. Two main factors were found to affect apes’
retrieval accuracy: the distance between the cups and the
position of the cups in relation to the platform’s edge. The
larger the distance between the cups, the better perfor-
mance became. Additionally, subjects’ retrieval accuracy
was higher for the outer cups than for the Middle cup,
particularly when the outer cups were located next to the
platform’s edges. Although the pattern of responses was
the same for all three species in all experiments, chim-
panzees and bonobos outperformed orangutans in every
cup constellation except in the Half table condition of
Experiment 2.

Our results offer no support for the relational hypothesis
(i.e., that the apes encoded the position of the baited cup in
relation to the other two cups in the array). This hypothesis
predicts that apes should have performed equally well in all
three experiments, given the fact that the cups maintained
the same relations in all experiments, despite changes in
the proximity between cups and with respect to the table’s
edges. Contrary to this prediction, our results showed that
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both manipulations substantially affected apes’ retrieval
accuracy. Specifically, apes’ superior retrieval accuracy for
cups located near the edges of the table strongly suggests
that apes used these as landmarks, thus supporting the
landmark-coding hypothesis (i.e., that the apes encoded the
position of the baited cup in relation to a nearby landmark).

Following the landmark hypothesis, the apes encoded
the cups’ positions with regard to their relation to the
table’s edge. The outer cups (the Left cup and the Right
cup) were both defined by a single relation—i.e., being
near to an edge of the table—whereas the Middle cup could
be defined as either the second cup to one edge of the table,
or the cup situated between the two edges of the table. It is
conceivable, therefore, that apes’ retrieval accuracy on the
Middle cup was lowest due to the requirement that two
relations needed to be encoded. Not surprisingly, having to
encode a location in relation to two landmarks is cogni-
tively more demanding than encoding that location in
relation to only one landmark. For example, children are
able to guide their search behavior in relation to one
landmark much earlier (at 2 years of age) (DeLoache and
Brown 1983) than they are able to guide their search
behavior in relation to two landmarks (at 4 years of age;
e.g., when having to find a reward in the middle of two
landmarks) (Simms and Gentner 2008; Uttal et al. 2006).
Similarly, there are numerous reports that while nonhuman
animals can use single landmarks to effectively find food,
they struggle when they have to use two or more landmark
cues relationally (MacDonald et al. 2004; Marsh et al.
2011; Poti et al. 2005, 2010; Sutton et al. 2000).

We also considered the possibility that subjects used a
geometric landmark, such as the middle of the table.
However, this possibility was not supported by the data.
Specifically, placing the Middle cup in the middle of the
table, as opposed to placing it to one side, did not affect
apes’ retrieval accuracy. Moreover, the lack of a difference
between these conditions also suggests that the edge of the
table was used as a landmark only for the cup closest to
that edge. Interestingly, the Middle cup in the Half table
condition was closer to one edge than the other, just like
the outer cups were closer to one edge than to the other.
However, no difference between these cups was detected,
and this may suggest that edges lose their benefits when
another cup is closer to them.

Despite the advantage afforded by the use of edge
information for accurate food retrieval, edge information
alone is not sufficient to explain the subjects’ success, as in
some conditions both the far left and the far right cups were
near edges. In order to choose accurately, subjects also
needed to encode some information to identify the correct
edge—i.e., the left or the right edge. Humans and animals
usually do not encode locations using only one fixed
strategy. Instead, they apply different strategies in different

situations, depending on what information is available
to them (Burgess 2006; Cheng and Newcombe 2005;
Kanngiesser and Call 2010). Even though, we did not find
any evidence that the apes were predominantly using ego-
centric cues, apes may still have encoded egocentric cues
and then combined these cues with the allocentric cues
(e.g., the cup at the edge on my “left” side). Data from
transposition tasks lend support to this possibility, showing
that apes encode both egocentric and allocentric cues
(Albiach-Serrano et al. 2010; Hoffman and Beran 2006). In
these transposition tasks, apes first observed an experi-
menter hide a reward in one container and then they had to
walk around the array before they were allowed to choose.
This manipulation, therefore, changed the apes’ perspec-
tive by 180° from their original location. Consequently,
egocentric information was no longer reliable, whereas
allocentric information was. Apes performed worse on such
transposition tasks (i.e., when they had to move around the
array) than when they could choose from their original
position, where both types of information were viable
(Albiach-Serrano et al. 2010; Hoffman and Beran 2006).

One further possibility with regard to how apes kept
apart the left and the right edges could be that apes enco-
ded, together with the table edge, some additional land-
mark, subsequently using these landmarks hierarchically.
In the natural environment, there are always multiple
landmarks or cues that an animal can potentially use to
encode the location of something. Animals and humans
have been shown to encode multiple spatial cues und use
them hierarchically (e.g., Brodbeck 1994; Cheng and
Sherry 1992; Fiset and Dore 1996; Fiset et al. 2000; Gibbs
et al. 2007; Gouteux et al. 2001; Legge et al. 2009; Spetch
and Edwards 1986; Uttal et al. 2006). Furthermore, they
prefer the closest (Cheng and Sherry 1992; Goodyear and
Kamil 2004), more stable (Biegler and Morris 1999;
Learmonth et al. 2001), and larger landmarks (Bennett
1993; Gouteux et al. 2001) that are part of the environment.
We can only speculate, which this additional landmark
could be: maybe an adjacent cage or the side to which they
had to walk to get a carrot.

In the current study, absolute positioning of the cups
was stable; hence, their relations with the surrounding
environment also remained stable. This fact is a key reason
why we believe the landmark strategy, and not the ego-
centric or the relative strategy, emerged as a predominant
strategy in the apes tested here. One could argue that apes’
own position to the baited cup was the same at the time of
baiting and at the time of choosing and that it is therefore
surprising that the egocentric strategy was not the preferred
one. However, subjects’ position did not remain stable
throughout the trials—they moved to a different position to
receive a carrot and they did not (always) return to exactly
the same place. This would also explain the discrepancy
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between the chimpanzees’ almost perfect performance in
the Hoffman and Beran’s study (2006)—when a visual
barrier was placed between them and the array but they did
not need to move—and the less than perfect performance
of the apes in our study.

Our data are consistent with the previous reports
showing that chimpanzees and bonobos outperform
orangutans in spatial cognition tasks that involve dis-
placements (Albiach-Serrano et al. 2010; Barth and Call
2006; Herrmann et al. 2007). The current study shows that
these differences in spatial cognition can also be extended
to a task without reward displacements. As things stand at
the moment, we do not have a good explanation for why
these species differences in spatial cognition tasks exist,
and we can only speculate at this point. We can rule out
that this difference is related to diet, as both chimpanzees
and orangutans are fruit specialists. Moreover, we can rule
out the idiosyncrasy of the Leipzig populations as a
potential explanation, because two other studies on dif-
ferent (and larger) ape populations also found differences
between chimpanzees and orangutans in spatial cognition
(Haun and Call 2009; Herrmann et al. 2007). It is possi-
ble, therefore, that other factors, such as the level of
sociality and/or terrestriality, might help explain the
observed inter-species differences in spatial cognition. In
particular, chimpanzees and bonobos, by virtue of their
higher degree of sociality than orangutans, may have a
greater capacity to keep track of the movements and
locations of their group members than orangutans.
Another possibility for the observed differences might be
that orangutans, by virtue of being more arboreal than
chimpanzees and bonobos, are less skillful than the Afri-
can apes at encoding precise spatial information based on
landmarks. These hypotheses, however, require empirical
verification.

In conclusion, we found that apes encoded the location
of a reward by referencing each cup with a different
landmark (e.g., the left and the right edges of the table).
Although the reduced retrieval accuracy for the Middle cup
has been reported in the previous studies (Beran et al.
2005; Hoffman and Beran 2006; Hribar et al. 2011), this
study links this deficit in performance with the position of
the cups in relation to the landmarks provided by the
table’s edges. Moreover, this study also demonstrates that
reducing the distance between cups, irrespective of their
relation to key landmarks, also substantially reduces
retrieval accuracy.

Acknowledgments This study was supported by the German Aca-
demic Exchange Service (DAAD) through a PhD grant to the first
author. We thank Nathan Pyne-Carter for improving the English of
the manuscript. The reported experiments comply with all laws of the
country in which they were performed.

@ Springer

References

Albiach-Serrano A, Call J, Barth J (2010) Great Apes track hidden
objects after changes in the objects’ position and in subject’s
orientation. Am J Primatol 72:349-359

Barth J, Call J (2006) Tracking the displacement of objects: a series
of tasks with Great Apes (Pan troglodytes, Pan paniscus,
Gorilla gorilla, and Pongo pygmaeus) and Young Children
(Homo sapiens). J Exp Psychol Anim Behav Process 32:
239-252

Bennett ATD (1993) Spatial memory in a food storing corvid. I. Near
tall landmarks are primarily used. ] Comp Physiol A Sens Neural
Behav Physiol 173:193-207

Beran MJ, Beran MM, Menzel CR (2005) Spatial memory and
monitoring of hidden items through spatial displacements by
Chimpanzees (Pan troglodytes). J Comp Psychol 119:14-22

Biegler R, Morris RGM (1999) Blocking in the spatial domain with
arrays of discrete landmarks. J Exp Psychol Anim Behav Process
25:334-351

Brodbeck DR (1994) Memory for spatial and local cues—a compar-
ison of a storing and a nonstoring species. Anim Learn Behav
22:119-133

Bullens J, Nardini M, Doeller CF, Braddick O, Postma A, Burgess N
(2010) The role of landmarks and boundaries in the development
of spatial memory. Dev Sci 13:170-180

Burgess N (2006) Spatial memory: how egocentric and allocentric
combine. Trends Cognit Sci 10:551-557

Call J (2001) Object Permanence in Orangutans (Pongo pygmaeus),
Chimpanzees (Pan troglodytes), and children (Homo sapiens).
J Comp Psychol 115:159-171

Cheng K, Newcombe NS (2005) Is there a geometric module for
spatial orientation? Squaring theory and evidence. Psychon Bull
Rev 12:1-23

Cheng K, Sherry DF (1992) Landmark-based spatial memory in birds
(Parus atricapillus and Columba livia): the use of edges and
distances to represent spatial positions. J Comp Psychol
106:331-341

Cheng K, Spetch ML (1998) Mechanisms of landmark use in
mammals and birds. In: Healy S (ed) Spatial representation in
animals. Oxford University Press, Oxford, pp 1-17

Chiandetti C, Regolin L, Sovrano VA, Vallortigara G (2007) Spatial
reorientation: the effects of space size on the encoding of
landmark and geometry information. Anim Cogn 10:159-168

Church DL, Plowright CMS (2006) Spatial encoding by Bumblebees
(Bombus impatiens) of a reward within an artificial flower array.
Anim Cogn 9:131-140

de Blois ST, Novak MA (1994) Object permanence in Rhesus
Monkeys (Macaca mulatta). J Comp Psychol 108:318-327

de Blois ST, Novak MA, Bond M (1998) Object permanence in
Orangutans (Pongo pygmaeus) and Squirrel Monkeys (Saimiri
sciureus). ] Comp Psychol 112:137-152

Deipolyi A, Santos L, Hauser MD (2001) The role of landmarks in
cotton-top tamarin spatial foraging: evidence for geometric and
non-geometric features. Anim Cogn 4:99-108

DeLoache JS, Brown AL (1983) Very young children’s memory for
the location of objects in a large-scale environment. Child Dev
54:888-897

Deppe AM, Wright PC, Szelistowski WA (2009) Object permanence
in Lemurs. Anim Cogn 12:381-388

Dolins FL (2009) Captive Cotton-Top Tamarins’ (Saguinus oedipus
oedipus) use of landmarks to localize hidden food items. Am J
Primatol 71:316-323

Fedor A, Skollar G, Szerencsy N, Ujhelyi M (2008) Object
permanence Tests on Gibbons (Hylobatidae). ] Comp Psychol
122:403-417



Anim Cogn (2011) 14:623-635

635

Fiset S, Dore FY (1996) Spatial encoding in domestic cats (Felis
catus). J Exp Psychol Anim Behav Process 22:420-437

Fiset S, Gagnon S, Beaulieu C (2000) Spatial encoding of hidden
objects in dogs (Canis familiaris). ] Comp Psychol 114:315-324

Garber PA, Paciulli LM (1997) Experimental field study of spatial
memory and learning in wild Capuchin Monkeys (Cebus
capucinus). Folia Primatol 68:236-253

Gibbs S, Lea S, Jacobs L (2007) Flexible use of spatial cues in the
Southern flying squirrel (Glaucomys volans). Anim Cogn
10:203-209

Goodyear AJ, Kamil AC (2004) Clark’s Nutcrackers (Nucifraga
columbiana) and the effects of goal-landmark distance on
overshadowing. J Comp Psychol 118:258-264

Gouteux S, Thinus-Blanc C, Vauclair J (2001) Rhesus monkeys use
geometric and nongeometric information during a reorientation
task. J Exp Psychol Gen 130:505-519

Haun DBM, Call J (2009) Great Apes’ capacities to recognize
relational similarity. Cognition 110:147-159

Haun DBM, Call J, Janzen G, Levinson SC (2006a) Evolutionary
psychology of spatial representations in the Hominidae. Curr
Biol 16:1736-1740

Haun DBM, Rapold CJ, Call J, Janzen G, Levinson SC (2006b)
Cognitive Cladistics and Cultural Override in Hominid Spatial
Cognition. Proc Natl Acad Sci USA 103:17067-17068

Herrmann E, Call J, Hernandez-Lloreda MV, Hare B, Tomasello M
(2007) Humans have evolved specialized skills of social cogni-
tion: the cultural intelligence hypothesis. Science 317:1360-1366

Hoffman ML, Beran MJ (2006) Chimpanzees (Pan troglodytes)
remember the location of a hidden food item after altering their
orientation to a spatial array. J Comp Psychol 120:389-393

Hribar A, Haun D, Call J (2011) Great Apes’ strategies to map spatial
relations. Anim Cogn, doi:10.1007/s10071-011-0385-6

Huttenlocher J, Newcombe N, Sandberg EH (1994) The coding of
spatial location in young children. Cognit Psychol 27:115-147

Kanngiesser P, Call J (2010) Bonobos, Chimpanzees, Gorillas, and
Orang Utans use feature and spatial cues in two spatial memory
tasks. Anim Cogn 13:419-430

Kubo-Kawai N, Kawai N (2007) Interference effects by spatial
proximity and age-related declines in spatial memory by
Japanese Monkeys (Macaca fuscata): deficits in the combined
use of multiple spatial cues. J Comp Psychol 121:189-197

Learmonth AE, Newcombe NS, Huttenlocher J (2001) Toddlers’ use
of metric information and landmarks to reorient. J Exp Child
Psychol 80:225-244

Legge ELG, Spetch ML, Batty ER (2009) Pigeons’ (Columba livia)
hierarchical organization of local and global cues in touch screen
tasks. Behav Process 80:128-139

MacDonald SE (1994) Gorillas’ (Gorilla gorilla gorilla) spatial
memory in a foraging task. J Comp Psychol 108:107-113

MacDonald SE, Agnes MM (1999) Orangutan (Pongo pygmaeus
abelii) spatial memory and behavior in a foraging task. J Comp
Psychol 113:213-217

MacDonald SE, Wilkie DM (1990) Yellow-nosed monkeys’ (Cerco-
pithecus ascanius whitesidei) spatial memory in a simulated
foraging environment. J Comp Psychol 104:382-387

MacDonald SE, Spetch ML, Kelly DM, Cheng K (2004) Strategies in
landmark use by children, adults, and Marmoset Monkeys. Learn
Motiv 35:322-347

Marsh HL, Spetch ML, MacDonald SE (2011) Strategies in landmark
use by orangutans and human children. Anim Cogn, doi:
10.1007/s10071-011-0382-9

Martin-Ordas G, Haun D, Colmenares F, Call J (2010) Keeping Track
of Time: Evidence for Episodic-Like Memory in Great Apes.
Anim Cogn 13:331-340

Mendes N, Huber L (2004) Object permanence in Common
Marmosets (Callithrix jacchus). ] Comp Psychol 118:103-112

Menzel EW (1973) Chimpanzee spatial memory organization.
Science 182:943-945

Menzel CR (1996) Spontaneous use of matching visual cues during
foraging by long-tailed Macaques (Macaca fascicularis). ] Comp
Psychol 110:370-376

Newcombe NS, Huttenlocher J (2000) Making space: the develop-
ment of spatial representation and reasoning. The MIT Press,
Cambridge

Poti P (2000) Aspects of spatial cognition in Capuchins (Cebus
apella) frames of reference and scale of space. Anim Cogn
3:69-77

Poti P, Bartolommei P, Saporiti M (2005) Landmark use by Cebus
apella. Int J Primatol 26:921-948

Poti P, Kanngiesser P, Saporiti M, Amiconi A, Blidsing B, Call J
(2010) Searching in the Middle-Capuchins’ (Cebus apella) and
Bonobos’ (Pan paniscus) behavior during a spatial search task.
J Exp Psychol Anim Behav Process 36:92—-109

Shettleworth SJ (2010) Cognition, evolution, and behavior. Oxford
University Press, New York

Simms N, Gentner D (2008) Spatial language and landmark use: can
3-, 4-, and 5-year-olds find the middle? In: Love BC, McRae K,
Sloutsky VM (eds) Proceedings of the 30th annual conference of
the cognitive science society. Cognitive Science Society, Austin,
pp 191-196

Sovrano VA, Bisazza A, Vallortigara G (2007) How fish do geometry
in large and in small spaces. Anim Cogn 10:47-54

Spetch SML, Edwards CA (1988) Pigeons’, Columba Livia, use of
global and local cues for spatial memory. Anim Behav
36:293-296

Spetch ML, Kelly DM (2006) Comparative spatial cognition:
processes in landmark- and surface-based place finding. In:
Wasserman EA, Zentall TR (eds) Comparative cognition:
experimental explorations of animal intelligence. Oxford Uni-
versity Press, New York, pp 210-228

Sutton JE, Olthof A, Roberts WA (2000) Landmark use by Squirrel
Monkeys (Saimiri sciureus). Anim Learn Behav 28:28-42

Uttal DH, Sandstrom LB, Newcombe NS (2006) One hidden object,
two spatial codes: young children’s use of relational and vector
coding. J Cognit Dev 7:503-525

Vallortigara G, Zanforlin M (1986) Position learning in Chicks.
Behav Process 12:23-32

@ Springer


http://dx.doi.org/10.1007/s10071-011-0385-6
http://dx.doi.org/10.1007/s10071-011-0382-9
https://www.researchgate.net/publication/51061394

	Great apes use landmark cues over spatial relations to find hidden food
	Abstract
	Introduction
	Experiment 1
	Methods
	Subjects
	Materials
	Procedure
	Scoring and data analysis

	Results and discussion

	Experiment 2
	Subjects
	Materials
	Procedure
	Scoring and data analysis
	Results and discussion

	Experiment 3
	Methods
	Subjects
	Materials
	Procedure
	Scoring and data analysis

	Results and discussion

	General discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


