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Abstract Fruit foragers are known to use spatial memory
to relocate fruit, yet it is unclear how they manage to find fruit
in the first place. In this study, we investigated whether
chimpanzees (Pan troglodytes verus) in the Tai National
Park make use of fruiting synchrony, the simultaneous
emergence of fruit in trees of the same species, which can be
used together with sensory cues, such as sight and smell, to
discover fruit. We conducted observations of inspections, the
visual checking of fruit availability in trees, and focused our
analyses on inspections of empty trees, so to say “mistakes”.
Learning from their “mistakes”, we found that chimpanzees
had expectations of finding fruit days before feeding on it and
significantly increased inspection activity after tasting the
first fruit. Neither the duration of feeding nor density of fruit-
bearing trees in the territory could account for the variation in
inspection activity, which suggests chimpanzees did not
simply develop a taste for specific fruit on which they had fed
frequently. Instead, inspection activity was predicted by a
botanical feature—the level of synchrony in fruit production
of encountered trees. We conclude that chimpanzees make
use of the synchronous emergence of rainforest fruits during
daily foraging and base their expectations of finding fruitona
combination of botanical knowledge founded on the success
rates of fruit discovery, and a categorization of fruit species.
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Introduction

Ripe fruits are ephemeral. They only appear at certain times in
the year, and when they do, many animals compete over this
sweet and energy-rich food (Marriott et al. 1981; Diaz-Perez
etal. 2000; Houle et al. 2006). Ripe fruit availability fluctuates
in time, and the percentage of rainforest trees carrying ripe
fruit can be as low as 0.2 % (Chapman et al. 2005). A low
percentage of (ripe) fruit in a diet, during such fruit-scarce
periods, is shown to influence life history traits such as waiting
time to conception and breeding activity (primates: Thompson
and Wrangham 2008, rodents: Glanz et al. 1982; Milton et al.
2005). These studies suggest that it would pay to discover
newly emerged fruit earlier than other foragers and to be the
first to feed on it. Fruit-dependent foragers (frugivores), such
as primates, use spatial memory to relocate fruit-bearing trees
(primates: reviewed in Janson and Byrne 2007; Zuberbiihler
and Janmaat 2010, fruit bats: Holland et al. 2005). However, it
is unclear how they discover it in the first place. Fruit trees
become depleted and new fruiting seasons begin, meaning
frugivores must continuously update their knowledge of the
locations of edible fruit. Since not all rainforest trees carry
fruit every year, and sometimes skip one or more years
(Chapman et al. 1999; Koenig et al. 2003; Struhsaker 1997,
Polansky and Boesch in press), frugivores have to learn, every
year, which individuals produced fruit and which ones did not.
The relatively short duration of fruiting seasons, which can be
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as short as 2 weeks, in combination with the low density and
wide distribution of trees of many primate fruit species,
increases the challenge of discovering newly emerged fruit
(Anderson et al. 2005; Chapman et al. 1999; Milton 1981;
Milton et al. 2005 (pg.19); Vooren 1999).

Primates could complement their use of sensory cues with
other search strategies that facilitate the discovery of newly
emerged fruit. Since many rainforest tree species have a
reproductive strategy that causes different trees of the same
species to fruit simultaneously within a clustered time period
(i.e. fruiting season; Chapman et al. 1999; Koenig et al. 2003),
primates could use this phenomenon to increase their fruit-
finding efficiency (Milton 1980). We expected primates to
use the discovery of fruit in one tree as an indicator for the
presence of fruit in other trees of the same species. After
discovering fruit in one tree, they can switch to an “inspect all
strategy” and start approaching and inspecting other trees of
the same species. Indications for the use of such a synchro-
nicity-based inspection strategy were first found in Japanese
macaques and later in grey-cheeked mangabeys (Macaca
fuscata, Menzel 1991; Lophocebus albigena, Janmaat et al.
2012). In this study, we investigated whether chimpanzees
follow a similar strategy and what type of botanical infor-
mation they use while doing so. Not all tree species in the
chimpanzee’s territory emerge fruit simultaneously (Boesch
et al. 2006; Goné Bi 1999, 2007). The probability that other
rainforest trees carry fruit at the time of fruit discovery can
vary extensively and depends on each species’ reproductive
strategy, for example, whether individual trees produce each
year or at variable times of the year, such as most fig trees
(Koenig et al. 2003; Van Schaik et al. 1993). We predicted
that chimpanzees will increase their success rate of inspec-
tions by knowing these differences and by especially acti-
vating an “inspect all” strategy for those species that have
high compared to low synchrony levels.

We recorded feeding and tree inspection behaviour of
adult chimpanzee females in the rainforest of the Tai
National Park, Cote d’Ivoire. We analysed the females’
inspections of empty trees that did not carry fruit, so to say
“mistakes”. This innovative approach in field research
enabled us to exclude the possibility that inspections were
guided by the use of sensory cues emitted by the fruit
themselves and provided us with unique insights into the
botanical parameters that influenced the females’ expec-
tations about fruit finding.

Methods
Data collection and analyses

We followed five adult chimpanzee females from 16 April
2009 to 30 August 2011 for continuous periods ranging
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from 4 to 8 weeks, totalling 330 days, within the fruit-
scarce period of April-August (Anderson et al. 2005).
Their territory (south community) was located in the
largest remaining tract (5,363 km?) of primary lowland
rainforest in West Africa: Tai National Park, Cote d’Ivoire
(5°50'20"N, 7°19'16"W; territory size: 26.5 km?; Boesch
et al. 2008; Kouakou et al. 2011; N’Goran et al. 2012).
K. Janmaat and S. Ban alternated days following each
female from the moment the target female woke up to the
evening sleeping nest. They recorded the duration and
location of each activity using a combination of a G.P.S.
(Garmin 60 CSx) and voice recorder. Activities were
recorded using continuous focal sampling (Martin and
Bateson 2007). We marked all trees in which the target
female fed, or for which the crown was inspected, with
brightly coloured paint spray. Inspection was defined as a
movement of the target female’s head combined with a
fixed gaze in the direction of a tree crown (see supple-
mentary materials for video-recordings of inspections). The
majority of recorded inspections occurred after the female
came to a halt (95 %). We tested for potential observer
differences in the recording of inspections (Kappa =
0.7-0.8; Martin and Bateson 2007) and controlled for this
in the final statistical model. The next day trained assistants
relocated the marked tree, identified the species and mea-
sured whether fruit was present, by checking its crown
from all wind directions using binoculars. Kappa coeffi-
cients for agreements on species identity ranged between 1
and 0.99 (N = 81). Observers were unaware of the syn-
chrony level of the inspected trees at the moment of data
collection. From the analyses we excluded inspections (1)
for which the gaze was not clearly directed at one single
tree crown (e.g. distant inspections), (2) of trees belonging
to species for which the fruit was only eaten on the ground,
(3) for sleeping locations, which occurred after the females
had emitted a nest grunt (Nishida et al. 2010), (4) during
which monkeys or other chimpanzees were present in the
tree (e.g. during hunting) and (5) that occurred prior to
feeding on food that grew in the inspected tree.

To exclude the use of sensory cues as an alternative
explanation for the observed behavioural patterns, we ran our
comparative tests using inspections of empty trees only (trees
that were not carrying ripe nor unripe fruit). Even in highly
synchronous species, individual trees can fail to produce
(Polansky and Boesch in press; supplementary materials).
We therefore expected chimpanzees to make “mistakes”,
that is, to inspect trees that had in fact an empty crown. To
avoid pseudo-replication, we only considered first observed
inspections to the marked trees in our analyses. To calculate
the synchrony level of each food species, we used phenology
(tree life cycle) data collected monthly on 173 individual trees
of 16 species from January 2001 and February 2008 (see
Anderson et al. 2005 and Boesch et al. 2006 for a detailed
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description of the data collection). All trees were located
within the female’s territory. Synchrony, defined as the
simultaneous production of fruit in tree individuals of the
same species within clustered time periods (fruiting seasons),
was measured as the average of all Spearman rank correlation
coefficients that could be calculated for the fruiting state of all
possible pairs of trees within a species (Bjgrnstad et al. 1999;
Buonaccorsi et al. 2001; Koenig et al. 2003). When all tree
individuals had the same fruiting state in each month, mean
rho Spearman rank correlation coefficients were equal to 1
and a species was defined as having the highest synchrony
level. Low synchrony levels were calculated if, for example,
not all trees carried fruit within a fruiting season or when
some trees emerged fruit in other months (e.g. Ficus sansi-
barica). Rho was calculated by comparing in pairs of trees the
(1) absence/presence of ripe fruit (synchrony level A) and (2)
amount of ripe fruit scored using the relative ranks: 0, 1,2, 3
or 4 (synchrony level B). Rank 1, 2, 3 and 4 corresponded to
1-25 %, 26-50 %, 51-75 % and 76—-100 % of the branches
observed to bear fruit, respectively (see Chapman et al. 1992;
Anderson et al. 2005). Since chimpanzees were suggested to
also consider the amount of fruit in trees (Normand et al.
2009), we tested the effect of both synchrony values in the
final model. Calculations of both types of synchrony levels
were conducted by Leo Polansky (unpublished data). To
estimate the density of fruit-bearing trees in the territory, we
multiplied the proportion of trees in the phenology transect
that carried fruit within the month of observation with the tree
density of each respective species in the territory. Tree den-
sity was measured by Zorro Goné Bi placing five long parallel
belt transects of 4,000 x 10 m and 3,000 x 10 m, in the
north—south and east—west direction, respectively, within the
females’ territory. Each transect was placed 500 m apart and
contained 200 and 150 quadrants of 10 x 20 m for north—
south and east—west transects, respectively, in which the
density of all trees with a diameter at breast height >10 cm
was recorded (Anderson et al. 2002; Goné Bi 2007).

Statistical analyses

We analysed our results by running Wilcoxon matched
pairs tests and generalized linear mixed models (GLMM;
Baayen 2008) in R (version 2.12.2, R Development Core
Team 2012) using the function Imer provided by the R
package Ime4 (Bates et al. 2011). For the Poisson model, we
checked for absence of over-dispersion and found no
deviation from the assumption that the residuals were
Poisson distributed (12 = 125.16,df = 39, P = 0.96, dis-
persion parameter = 0.65). To check the overall signifi-
cance of all predictor variables, we ran likelihood ratio tests
comparing the full models with the respective null models.
We only considered the effect of the individual predictors if
the full model reached the significance (Forstmeier and

Schielzeth 2011). To create stable models, we transformed
the predictors in such a way that they resembled a roughly
symmetric distribution, prior to running the models. For this
we log transformed the feeding duration and transformed
the number of inspected fruit-bearing trees and the esti-
mated density of fruit-bearing trees to the third and fourth
root, respectively. After this we z-transformed all main
predictors to establish comparable estimates. We checked
for co-linearity by inspecting variance inflation factors
(VIF) derived from a multiple regression with the random
effects excluded (using the function “vif” of the R package
“car” (Fox and Weisberg 2011)). This did not indicate any
co-linearity problems with the largest VIF = 1.17 in all
models. We assessed the models’ validity by comparing the
estimates derived by a model based on all data with those
obtained from a model with data points dropped one by one,
which indicated that both models were stable. In the final
model we included two autocorrelation terms to test for
temporal autocorrelation of the inspections. To derive the
autocorrelation terms, we first calculated the residuals of the
full model and second, separately for each data point,
averaged the residuals of all other data points from either
the same respective individual (term individual) or the same
respective species (term species). The contribution of the
residuals to these averages was weighted by the time lag
between the particular data point and the others. We mod-
elled the weight functions as a Gaussian distribution with a
mean of zero (maximum weight at time lag = 0). Its stan-
dard deviation was obtained by maximizing the likelihood
of the full model with both autocorrelation terms included.
Since there is some uncertainty about the validity of P val-
ues of fixed effects in the framework of GLMMs (Bolker
et al. 2008), we additionally tested the effect of (1) the
number of fruit-bearing inspected trees on the number of
empty inspected trees, controlling for feeding duration and
(2) the synchrony level on the inspection probability, con-
trolling for the estimated density of fruit-bearing trees in the
territory, using a partial rank correlation permutation test,
programmed by R. Mundry in Visual Basic. We controlled
for multiple testing (three likelihood tests and two Wilcoxon
matched paired tests) by using the Fisher’s Omnibus test
(Haccou and Meelis 1994) which revealed an overall sig-
nificant P value (x> = 111.32, df = 10 and P = <0.0001).
All tests were two tailed.

Results
Is fruit discovery followed by increased inspection?
To investigate whether chimpanzees use fruiting syn-

chrony, we first recorded the frequencies of the females’
feeding and inspection behaviour and tested whether the
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Fig. 1 Chimpanzee females
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discovery of edible fruit at the start of a season was fol-
lowed by increased inspection of trees of that same species.
The target females fed on an average of 7.14 trees
(SD = 3.89, range: 1-21) and 4.03 species (SD = 1.66,
range: 1-9) each day, of which 4.63 trees (SD = 2.88,
range: 0-16) and 0.57 species (SD = 1.15, range: 0-7)
were not revisited and were new within each observation
period. They inspected 4.97 trees (SD = 4.75, range: 0-24)
and 3.31 species (SD = 2.65, range: 0-14) per day, of
which 4.42 trees (SD = 3.97, range: 0-22) and 0.47 spe-
cies (SD = 0.94, range: 0-5) were new. Although target
females already started inspecting trees before we saw
them eat fruit of that same species, they increased
inspection after the first observed moment of feeding
(Fig. 1). When we excluded the use of sensory cues by
only considering inspections of empty trees, females
inspected trees significantly more after than before they
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were first observed to feed on fruit of the same species
(Wilcoxon paired signed rank (exact): T = 140,
P = 0.0013, Nb of species inspected = 17 (4 ties)). To
make a valid comparison, we only considered fruit species
for which the first feeding observation took place at least
1 week before the end and at least 1 week after the start of
the observation period (N = 17). To verify whether the
females indeed already started inspecting trees before they
had been feeding on fruit from the same species, and to see
what could have triggered this, we separately analysed
female follows consisting of 16-44 consecutive days.
Within these unique consecutive follows, the observers
were able to follow the females without interruption and
we were thus certain that the females had not yet fed on the
concerned fruit species. We confirmed that females were
indeed inspecting the fruiting state of trees days before they
fed on fruit of that same species (Fig. 2). In addition, the
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Fig. 2 Chimpanzee females inspected (empty) trees before feeding.
Day zero represents the day of first observed inspection of a fruit-
bearing tree. The species-specific differences in the number of the last
analyzed day are determined by either the day at which the females
started feeding or the day at which observers lost contact with the
target females
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Fig. 3 Chimpanzee females also inspected more trees after than
before they were first observed to see fruit. Each circle represents the
mean number of new empty trees inspected per day of a fruit species.
The lines in between represent the differences between the means of
before and after the first time the females were observed to see
(inspect) the fruit belonging to the same fruit species

number of new empty trees inspected per day was signif-
icantly higher after than before they were first observed to
inspect fruit-bearing trees (i.e. to see fruit of the same
species), suggesting that it is not only the taste of fruit that
triggered the chimpanzee’s expectations but also the
observation of the fruit itself (TF =35, P = 0.015, Nb of
inspected species = 8; Fig. 3). In these analyses, we only
considered fruit species for which we recorded inspections

Table 1 Effect of the number of inspected fruit-bearing trees and
feeding duration on the number of empty trees that the chimpanzees
inspected

Predictors Estimate  Std. Z- P value
error value
Intercept —241 0.30 —8.14 <0.0001
# Inspected fruit-bearing 0.54 0.15 3.93 <0.0001
trees per day
Feeding duration per day 0.21 0.11 1.81  0.0704

of fruit-bearing trees but no feeding within the consecutive
following periods (Nb = 8).

Do chimpanzees act on feeding experience
or the number of fruit-bearing trees?

We now investigated whether it was just the duration of
feeding that triggered inspection, or whether inspection
behaviour was influenced by a botanical feature, namely
the number of fruit-bearing trees that they had encountered
for each of the concerned species. We designed a gen-
eralized linear mixed model (GLMM) with Poisson error
function and log link to measure the combined effect of
both covariates on the number of empty inspected trees
within a season, defined as a fruit observation period. This
period ranged from the first to the last day in which fruits of
the respective species were observed (through feeding or
inspection) by the respective females. Because feeding
duration and the encountered number of feeding trees per
species were, as expected, correlated (ry = 0.54) and thus
were likely to cause co-linearity issues, we compared the
effect of feeding duration per day with the number of
inspected fruit-bearing trees per day instead and included
them as main predictors in the model. We also included
two random factors, chimpanzee individual and fruit spe-
cies, to avoid pseudo-replication and two offset variables to
control for tree density and the duration of the fruit
observation period (since Poisson models require that the
response is a count variable (Crawley 2007)). The full
model was significant compared to the null model in which
both main predictors were excluded (GLMM: likelihood
ratio test: }52 = 2104, df = 1, P < 0.0001). The number of
inspected fruit-bearing trees significantly predicted the
number of inspected empty trees of the same species, while
only a trend was found for feeding duration (Table 1). The
effect of the number of inspected fruit-bearing trees was
confirmed with a partial rank correlation permutation test,
correlating the mean number of inspected empty trees per
day with the mean number of inspected fruit-bearing trees
per day, while controlling for the mean feeding duration
per day (Kendall’s Tau = 0.4347, Nb of inspected species
for which tree density values were available = 18,
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Table 2 Effect of synchrony level and other predictor variables on
chimpanzee inspection probability

Predictors Estimate Std. Z- P value
Error value

Intercept —1.37 0.19 —7.07 <0.001

Synchrony level B (r) 0.41 0.16 2.60 0.009

Density fruit-bearing trees 0.23 0.14 1.67 0.095

Autocorrelation term 0.39 0.15 2.54 0.011
individual

Autocorrelation term 0.87 0.14 6.21 <0.001
species

P = 0.0108, N permutations = 10,000). A comparison of
the estimates of the GLMM suggests that it was not so
much the duration that the females had spent feeding on a
fruit species that had a positive impact on the inspection
rate of conspecific trees. Yet, the females’ expectations on
fruit availability in individual trees were more strongly
guided by the encountered number of trees that produced
fruit in the same species. In the next section, we continued
to investigate the effect of two botanical variables that are
unrelated to the animal’s behaviour itself, on inspection
probability.

Discrimination between trees of highly and less
synchronous fruit species

To investigate whether the chimpanzees have knowledge
on the different synchrony levels of fruit species, we tested
the effect of the botanical variable synchrony on the
females’ inspection probability. Building on the finding
that inspection rate increased after feeding (Fig. 1), we
analysed whether or not the females inspected a tree soon
after (that day or the day after) they had fed on a tree of
the same species. We tested whether the females were
more likely to inspect trees when the concerned fruit
species had a high compared to a low synchrony level.
Since we did not want to make assumptions on the
females’ spatial knowledge on tree locations and goal-
directed travel towards trees, we included inspections
made the day after because some feeding events took place
in the afternoon. In this way, the females had sufficient
time to encounter a tree of a conspecific species along the
way. We only considered absence/presence of inspections
recorded within the same day or the day after feeding,
instead of the total number, to limit the influence of the
clumpedness or the density of trees of the inspected spe-
cies on inspection probability. To exclude the use of
sensory cues, we again only considered the inspections of
empty trees. We designed a GLMM with a binomial error
function and a logit link and as main predictor one of the
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Fig. 4 Synchrony levels (B) significantly influenced inspection
probability by chimpanzee females, when controlled for the estimated
number of fruit-bearing trees in the territory during observations. The
circle size represents the sample size for each species. The dotted line
represents a trend line. The codes represent the first three letters of the
generic and specific name of the fruit species, respectively

two measures of synchrony (synchrony A or B; see
methods). We included two temporal autocorrelation terms
for chimpanzee individual and fruit species. We controlled
for the effect of individual, fruit species and observer by
including them as random effects. To gain insight into the
cognition behind the inspection activities, we included a
second botanical variable, the density of fruit-bearing trees
estimated for the female’s territory (see methods), as a
fourth predictor in both models. This allowed us to test the
most parsimonious null hypothesis that assumed the least
complex cognitive explanation, namely that inspection
probability was simply predicted by the encounter rate of
fruit, that is low-level associations created between the
fruit and visual features of the tree in which the fruits were
eaten. Independent of the type of synchrony measure
included, the model was significant compared to the null
model that included only the random factors and the
autocorrelation terms (including synchrony A: y* = 7.47,
df = 2, P = 0.024; including synchrony B: y* = 10.049,
df =2, P = 0.007). Both synchrony levels had a positive
impact in each respective model (synchrony A: Esti-
mate = 0.32, St. Error = 0.15, P = 0.039; synchrony B:
Estimate = 0.41, St. Error = 0.16, P = 0.009). Yet, the
model that explained the variation in inspection probabil-
ity best was the one that included the predictor synchrony
B, which also considered the fruit amount classes (Akaike
values: model B: 319.7; model A: 321.9; evidence ratio
based on Akaike weights: 0.328; Table 2). For this model
fruit-bearing tree density showed only a trend (Table 2).
The result regarding the effect of synchrony B was con-
firmed using a partial rank correlation permutation test,
correlating the mean probability of inspections per species
with their synchrony level while controlling for fruit-
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bearing tree density of the concerned species (Kendall’s
Tau = 0.4478, Nb of inspected species for which syn-
chrony levels could be calculated = 16, P = 0.013, N
permutations = 10,000; Fig. 4).

Discussion

Innovative approach to detect an alternative fruit-
finding strategy

Newly ripened fruit can be discovered by use of visual and
olfactory cues emitted by the fruit or sounds produced by
other frugivores feeding on them (Bicca-Marques and Gar-
ber 2004; Dominy et al. 2001; Olupot et al. 1998; but see
Zuberbiihler and Janmaat 2010). By adopting an innovative
field methodology that analyses the chimpanzee “mistakes”,
namely their inspections of trees that had empty crowns, we
found support for an alternative or complementary fruit-
finding strategy to one purely based on sensory cues and
association. The results indicate that females developed
expectations of finding fruit by inspecting trees, days before
feeding on them, and increased inspection activity after
tasting the first fruit. Inspection rate especially increased for
the two species that had a high synchrony level and high tree
density (Scytopetalum tieghemii and Scottelia klaineana,
Fig. 1). The target females did not simply react to the dura-
tion of feeding, which potentially triggered a taste for spe-
cific fruit, but took into account the number of fruit-bearing
trees that they had encountered. When controlling for the
fruit-bearing tree density in the territory, inspection proba-
bility especially increased as a function of the botanical
feature synchrony level of the inspected fruit species. The
chimpanzee females differentiated between trees from spe-
cies that produced fruit in a high versus low proportion of
trees in season, had higher expectations to find fruit and acted
upon this by inspecting especially those trees with high
synchrony levels. The inspection probability was best pre-
dicted by the synchrony measure that also considered the
fruit amount classes. This could be caused by a preference to
inspect species for which a large proportion of trees carry
similar high amounts of fruit during the season. Our results
indicate that chimpanzees used this synchronicity-based
fruit-finding strategy on a regular basis in their daily foraging
(they inspected an average of five (and two empty) trees per
day). A large part of the variation in the probability of
inspection was explained by the autocorrelation terms that
considered the time lags between inspections of the same
fruit species or inspections by the same individual. The
impact of temporal autocorrelation on inspection probability
can have many explanations. It could be a reflection of (1) the
temporal clustering of fruit production in trees within the
same species (fruiting seasons), (2) a temporal preference for

a particular fruit species or (3) periods in time (e.g. late in the
season) in which the females were less likely to inspect trees,
because they already knew the fruiting state of most trees in
the territory. The impact of the autocorrelation term for
individual could be explained by “inspection moods” pos-
sibly triggered by an individual’s lack of knowledge of trees’
fruiting states in the respective area of observation. The latter
explanation is consistent with the high observed variation in
daily inspection rate (0-24) and our impression that
inspection rate was particularly high in areas that the target
female had not recently visited. To fully understand the
chimpanzees’ inspection behaviour, we encourage field
scientists to study how inspection activity relates to detailed
measurements on the availability of fruit-bearing trees over
time (e.g. early/late in season) and space (e.g. areas in the
territory with high/low proportions of fruit-bearing trees) for
one highly synchronous fruit species (sensu Janmaat et al.
2012). In addition, recordings of inspections of empty trees
could be combined with measurements of the duration of
such inspections. Long durations could indicate the so-called
surprise reactions, previously used to measure object indi-
viduation in captive animals (e.g. Tinklepauh 1928; Brauer
and Call 2011).

The underlying cognition

To generate expectations about trees of particular species,
and to preferentially inspect those trees, we argue that the
females must have integrated (1) information on the suc-
cess rate of finding fruit in trees for each species (the
synchrony level) and (2) knowledge of botanical (percep-
tual and polymorphous) features to identify to what species
the empty trees belong.

Information on high/low success rates

It could be argued that the effect of synchrony level on
inspection probability is a simple result of a low-level
process of positive association formation. Throughout
fruiting seasons and across years, stronger associations
could have been created and maintained between familiar
spatially separated trees of highly synchronous species, in
which a higher proportion of trees produce fruit, than for
less synchronous species. For example, when a chimpanzee
female discovers fruit in a tree of a highly synchronous
species and she subsequently encounters another tree of
that same species, inspection of the second tree could
simply be activated just because both trees fruited and were
fed on in the previous year, and a positive association had
been created. We consider this explanation to be unlikely
for two reasons. First, we argue that positive associations
made in the previous fruiting seasons are unlikely to be
useful for the simple reason that the rate at which
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chimpanzees revisit trees across years is extremely low.
We base this conclusion on unique follows of one target
female in the three subsequent years of our study. The first
year we followed and marked all the feeding trees visited by
the target female during a period of 28 consecutive days (Nb
of trees = 268). The second and third year we followed her
within continuous periods of 8 weeks, attempting to cover
the same fruiting seasons, starting from 4 and 2 weeks,
respectively, before the starting date of the 2009 period.
This unique data collection design revealed that only 20 and
18 trees were fed on again in 2010 and 2011, respectively.
Despite the temporal variability in the starting of fruiting
seasons, the small amount of revisits could not be explained
by a low overlap in fruiting periods as 25 out of 30 species
fed on in 2009 were also fed on in 2010, and 22 out of 32
species fed on in 2009 were also fed on in 201 1. Hence, they
were feeding on the same fruit but not the same trees. A low
revisit rate across years is perhaps not surprising because (1)
ranging areas within similar fruiting seasons vary between
years (see supplementary materials) and (2) not all trees
fruit every year (Koenig et al. 2003; Struhsaker 1997). From
the eight inspected most synchronous species (r; > 0.35)
that produced fruit once a year, individuals on the average
bore ripe fruit only 49 % of all years (range: 0-86 %).
Hence, the probability that any tree will bear ripe fruit two
subsequent years in a row is low, and the majority of
inspected trees were unlikely to be fed on in the previous
fruiting seasons. Therefore, associative revisiting of previ-
ously rewarding locations would be a poor foraging strat-
egy. Second, if the females had been solely relying on
positive associations made in earlier years, they would have
been equally likely to approach and inspect trees of species
with a high fruit-bearing tree density that likely had a
similar density in previous years, yet the effect of this
predictor was insignificant (Table 1).

A more parsimonious explanation for the observed
behaviour is that the chimpanzees recognized individual
trees as belonging to a specific species with either a low or
high synchrony level and relied on that botanical knowl-
edge to make their decision to inspect. They likely cate-
gorized newly encountered trees into the class of a specific
species to infer a relationship between the synchrony level
of that species and the fruit availability of those individual
trees to predict whether inspection would pay off. Learned
rules of more/less, above/below and same/different rela-
tionships are considered to be crucial ingredients of con-
cepts (Chittka and Jensen 2012). Indications for the use of
such rules were found in a variety of animal species
ranging from great apes to insects (same/different: e.g.
Thompson et al. 1997; Giurfa et al. 2001; Zentall et al.
2008, above/below: e.g. Avargues-Weber et al. 2011; Depy
et al. 1999; Spinozzi et al. 2004, more/less: e.g. Boysen and
Hallberg 2000; Vlaming et al. 2006). Whether the
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chimpanzees in this study inferred high/low success rates
of fruit finding in a tree species by a hierarchical or rela-
tional rule requires further investigation by means of
experimental studies.

Food plant identification

We argue that the females’ expectations of finding fruit in
trees of synchronously fruiting species were triggered by
botanical cues that were unrelated to the visual availability
of the fruit, as both full and empty trees were inspected.
Chimpanzees are not unique among primates in their
ability to use detailed knowledge on the perceptual features
of associated plant items to anticipate food finding prior to
seeing it. Baboons (Papio ursinus) and mangabeys (Cerc-
ocebus atys) have been regularly observed to dig for
underground corms (Eulophia foliosa, Watsonia lepida) or
seeds (Anthonota fragans), respectively, when the only
available visual (and olfactory when seeds were experi-
mentally removed) cue was a stem or tree sapling above the
ground (Byrne 1995; unpublished data KJ). In a complex
and changing food environment, the capacity to recognize
different foods remotely may arguably be at a premium in
many animal species. Darwin suggested that even bees,
with their miniscule brains (Avargues-Weber et al. 2011),
are able to recognize plants when the associated food is
absent. On page 224 of “Cross and self-fertilization of
plants”, Darwin (1876) describes a bee flying in a straight
line from one larkspur (Delphinium spp.) to another lark-
spur, which did not as yet have a single flower open. The
observation inspired and preceded numerous studies on the
perceptual cues that animals use to identify potential food
(e.g. Manning 1956; Edwards et al. 1997; Vogels 1999;
Santos et al. 2001; Inoue et al. 2008). Experimental studies
revealed that bumble bees (Bombus terrestris), dependent
on the flower species, became conditioned to either the
perceptive features of the flower or the general form of a
plant, but were unable to recognize the species (e.g.
Manning 1956). Foraging bumblebees that were special-
ized on Hound’s-tongue flowers (Cynoglossum officinale),
in fact, made numerous errors. Bees inspected (here
defined as flying to the base of the stem and hovering up
and down from it without subsequent feeding) up to 13
other plant species with similar visual features (upright
stem, bearing leaves along most of the plant’s length), yet
none of them flowered within the observation period
(Manning 1956). In contrast, our target chimpanzees rarely
inspected empty trees that belonged to species that did not
carry ripe or unripe fruit within the observation period.
Only 13 out of 1,433 inspections concerned plant species
that did not carry fruit in the observation period or between
the same dates in previous years, which suggests that they
were able to identify fruitless trees of potential food species.
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To learn to distinguish between fruitless trees of different
rainforest tree species is no trivial task and can take human
botanists years of training (Zuberbiihler and Janmaat 2010).
The chimpanzee females fed on an average of one “new”
species every 2 days and at least 152 in their lifetime (this
study; Goné Bi 1999). Bees instead show flower constancy
and forage on very few flower species at a time (e.g. Plateau
1901; Waser 1986). Flower constancy increases with
increasing differences among available flower types (Waser
1986), and bees that focus on one flower species only find
other flower individuals more quickly (Chittka et al. 1997),
which has led researchers to suggest that food choices in
bees are limited by memory capacities (e.g. Chittka et al.
1997; Chittka and Thomson 1997).

Comparative studies on animals’ capacities to learn to
accurately identify large numbers of food species and to
remember and use that information quickly and compari-
sons of the botanical features that animals use to recognize
or classify food will help us to quantify and qualify memory
capacities and understand the frequencies with which dif-
ferent species generate new behavioural solutions (Chittka
and Niven 2009). We, therefore, encourage cognitive sci-
entists to further investigate the cognition behind the syn-
chronicity-based fruit-finding strategy as it will improve our
knowledge of information processing and may well eluci-
date the evolutionary origins of categorization abilities and
abstract thinking in humans (Shettleworth 2010).
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