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The production of edible rainforest fruits is characterized by fluctuating and seasonal patterns that
require frugivores to flexibly adjust their ranging behaviour. We investigated whether significant changes
in a forager's travel direction can inform us about the importance of the nutritional and energetic aspects
of different food sources for a wild animal's diet. We recorded the ranging patterns of five adult female
chimpanzees, Pan troglodytes verus, for a total of 275 full days in the Taï National Park in Côte d’Ivoire and
designed two models that predicted their directional changes at, and on the way to, fruit-bearing feeding
trees. In both models, directional change was significantly influenced by the density of the feeding tree
species and the crude fat content of that species' fruit. Female chimpanzees were more likely to change
their travel direction for rarer trees, at which they fed on fruits that contained higher amounts of fat. In
addition, directional changes tended to be positively influenced by the content of nonstructural (‘easy
energy’) and structural carbohydrates (NDF) in that species' fruit. We did not detect any effect of sensory
cues or social factors on the directional changes, in either model. The amount of fruit available and the
time since the start of the fruiting season positively influenced directional change in the second model,
which suggests that chimpanzees were updating their knowledge of the fruit availability in individual
trees over time. Our results indicate that the nutrient content of fruit and its abundance exerted a sig-
nificant impact on the shape of chimpanzee female travel paths, which opens up a new avenue for
investigation of food preferences in wild animals through analyses of their ranging patterns.
© 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Tropical rainforests are characterized by a diversity of food re-
sources (Chapman, Wrangham, Chapman, Kennard, & Zanne, 1999;
Milton, 1977, 1981). Animals living in such environments can
choose among a large variety of plant food species as well as types,
such as fruit pulp, seeds, leaves, flower buds, bark, pith and gum
(Chivers, 1998; Conklin-Brittain, Wrangham, & Hunt, 1998; Milton,
1981; Myers, 1980; Richard, 1985; Wrangham, Conklin-Brittain, &
Hunt, 1998). The food type that is eaten by most rainforest foragers
is palatable fruit (Dew & Boubli, 2005; Fleagle, 1988; Fleagle &
Reed, 1996; Terborgh, 1986).

Some foragers rely on these fruits only temporarily, for example
western lowland gorillas, Gorilla gorilla gorilla, which can switch
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their diet from predominantly fruit to foods such as fibrous herbs,
leaves and bark (Kuroda, Nishihara, Suzuki, & Oko, 1996; Remis,
1997; Tutin, Fernandez, Rogers, Williamson, & McGrew, 1991).
Other foragers are able to maintain a highly frugivorous diet
throughout the year (saki monkey, Pithecia pithecia: Cunningham&
Janson, 2007; Pallas's long-tongued bat, Glossophaga soricina:
Kalko, Herre, & Handley Jr, 1996; black-casqued hornbill, Cerato-
gymna atrata: Poulsen, Clark, Connor, & Smith, 2002; maned wolf,
Chrysocyon brachyurus: Motta-Junior & Martins, 2002; chim-
panzee, Pan troglodytes: Goodall, 1986; Nishida, 1990; Wrangham
et al., 1998). Chimpanzees in the Taï National Park, the focus of
this study, feed on ripe fruit for 85% of their feeding time and this
percentage fluctuates little throughout the year (Gon�e Bi, 2007;
Porter, Garber, Boesch, & Janmaat, in press).

Palatable fruits are produced by many different tree species
(Frankie, Baker, & Opler, 1974; Gentry, 1983) and are all of high
caloric value compared to other food types (Matsumoto-Oda &
evier Ltd. All rights reserved.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:bdagui@yahoo.fr
mailto:simone_ban@eva.mpg.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anbehav.2016.05.014&domain=pdf
www.sciencedirect.com/science/journal/00033472
http://www.elsevier.com/locate/anbehav
http://dx.doi.org/10.1016/j.anbehav.2016.05.014
http://dx.doi.org/10.1016/j.anbehav.2016.05.014
http://dx.doi.org/10.1016/j.anbehav.2016.05.014


S. D. Ban et al. / Animal Behaviour 118 (2016) 135e147136
Hayashi, 1999; Rogers, Maisels, Williamson, Fernandez, & Tutin,
1990); however, not all are equally desired (Newton-Fisher, 1999;
Vellayan, 1981; Wrangham, Chapman, Clark-Arcadi, & Isabirye-
Basuta, 1996; Wrangham, Gittleman, & Chapman, 1993). For
instance, recordings of the presence of foraging animals in tree
crowns in a West African rainforest revealed a higher probability of
finding them in fig trees, Ficus spp., than in trees of other genera
(Janmaat, Polansky, Ban, & Boesch, 2014). Differences in preference
could be related to intake rates, facilitated by low handling times or
large fruit crops (e.g. Shanahan, So, Compton, & Corlett, 2001).
However, nutritional and energetic requirements that are vital for
reproduction, fitness and survival (Altmann, 1991, 1998; Janson &
Chapman, 1999; Schoener, 1983) are likely to play an important
role in food selection as well. For example, chimpanzees, which
have a larger body, as well as a larger, energy-demanding brain,
spend three times as much of their feeding time eating sugar-rich
ripe fruit as do sympatric monkey species (Conklin-Brittain et al.,
1998; Laska, Sanchez, & Ernesto, 1998; Wrangham et al., 1998). In
contrast, sympatric monkeys eat relatively more protein than
chimpanzees, which is consistent with their smaller bodymass and
greater detoxification needs (Conklin-Brittain et al., 1998). Conse-
quently, many studies have linked preferences for food sources,
food choice and selectivity for particular fruit species to animals'
nutritional and energetic needs (Ganas, Ortmann,& Robbins, 2008;
Hladik & Simmen, 1996; Remis, 2002; Rogers et al., 1990), which
affect reproduction, health and survival (Altmann, 1991, 1998;
Janson & Chapman, 1999). Increased knowledge of food prefer-
ences should therefore help to explain variation in foraging stra-
tegies as well as the abundance of wild animals in their natural
habitat (Altmann, 1991; Ganas et al., 2008; Janson & Chapman,
1999; Rothmann, Chapman, & van Soest, 2012).

Since individuals of the same species frequently prefer the same
food (Remis, 2002; Simmen & Hladik, 1998), species-specific food
preferences have been established by choice tests (Benz, Leger, &
French, 1992; Nunnally, 1978; Simmen, 1994). For instance, choice
tests with captive chimpanzees have indicated that they prefer fruit
high in nonstarch sugars and low in total dietary fibre (Remis,
2002). Such studies are valuable; however, as patterns of food
acceptance and aversion are also shaped by past experiences and
exposure to conspecifics (Barker, Best, & Domijan, 1977; Remis,
2002; Rozin & Kennel, 1983; Steiner & Glaser, 1984; Watts, 1985),
it is unclear to what extent the observed preferences may have
been influenced by exposure to a limited set of captive conspecifics
as well as to human behaviour. In addition, it is unclear to what
extent the preferences were influenced by protracted exposure to
cultivated fruit, which contains much lower levels of fibre and
higher levels of sucrose than wild rainforest fruit (Milton, 1999).

Fruit preference in wild foragers is traditionally estimated by
recording feeding durations, sometimes in combination with an
estimate of food availability (Barrett, 1995; Boesch, Gon�e Bi,
Anderson, & Stahl, 2006; Doran-Sheehy, Mongo, Lodwick, &
Conklin-Brittain, 2009; Ganas et al., 2008; Janmaat, Chapman,
Meijer, & Zuberbühler, 2012; Matsumoto-Oda & Hayashi, 1999).
The preference rank lists that result from such studies are often
difficult to interpret asmany other factors, such as social factors and
food handling time (i.e. the time it takes to process and consume
the food), can influence feeding duration. In addition, search stra-
tegies, such as the use of a synchrony-based inspection strategy
whereby animals actively search for a particular fruit species
because it is temporarily more efficient to feed on that species, can
influence feeding duration (Janmaat et al., 2012). Lastly, it is unclear
how exactly one should control for food availability. As a conse-
quence, rare species such as fig species often end up at the top of
preference lists (Janmaat, Byrne, & Zuberbühler, 2006).
In this study, we explored an alternative means of gaining
insight into which nutritional and energetic values of food are
important to wild animals. We tested for a relationship between
the characteristics of a fruit-bearing tree, such as the nutritional
content of the fruit on which wild chimpanzees chose to feed, and
adjustments in their ranging patterns. A plethora of studies have
revealed that primates adjust their ranging patterns according to
the seasonal distribution of high-energy rich food, such as fruit
(Garber, 1992; Hashimoto et al., 2004; Lehmann & Boesch, 2004;
Nunes, 1995; Robinson, 1986; Terborgh, 1983; Waser, 1984; Waser
& Floody, 1974). Studies that analysed adjustments in the shape
of primate travel paths in more detail by applying a change point
test (Byrne, Noser, Bates, & Jupp, 2009) have revealed that many
directional changes were associated with the locations of impor-
tant biologically relevant activities. For instance, change points, a
straight line of travel followed by travel in a significantly different
direction, were found at locations where feeding activities took
place in gibbons, Hylobates lar (Asensio, Brockelman,
Malaivijitnond, & Reichard, 2011), mouse lemurs, Microcebus mur-
inus (Joly, Scheumann, & Zimmermann, 2008) and baboons, Papio
ursinus (Byrne et al., 2009; Noser & Byrne, 2013), or monitoring
locations in chimpanzees (Janmaat, Ban, & Boesch, 2013). Intrigu-
ingly, most mouse lemur change points occurred at the locations of
keystone food resources such as gum or honeydew, during scarce
food periods, and those of gibbons and baboons occurred at loca-
tions where they had been observed to feed on particular fruits
(Asensio et al., 2011; Noser& Byrne, 2013). In baboons, fruit finding
was found to occur twice as often at change points, compared with
other randomly selected points on their route (Noser & Byrne,
2013). Furthermore, when change points occurred during travel,
the next change point took place at a fruit feeding location more
than 40% of the time (Noser & Byrne, 2013). In short, the results of
these studies suggest that an analysis of changes in travel direction
can inform us about the location of potential goals such as impor-
tant (high-caloric) food types like gum, honeydew or fruit.

To investigate this possibility in more detail, we recorded the
ranging patterns of five adult female chimpanzees and the location
of all fruit-bearing feeding trees for a total of 275 full days in the Taï
National Park in Côte d’Ivoire. We then analysed these records in
combination with existing data on the nutritional content of the
consumed fruit (Hohmann et al., 2010; N'Guessan, Ortmann, &
Boesch, 2009). The ultimate aim of our study was to gain insight
into which fruit tree species might be of high value in terms of
nutritional content, and which nutritional and energetic aspects of
a fruit species and characteristics of feeding trees were preferred by
chimpanzees. For this we utilized two statistical models that pre-
dicted two different types of directional change that potentially
could indicate whether a fruit-bearing feeding tree was a travel
goal.

It is notoriously difficult to know what the goal of a foraging
animal is (discussed in Sigg & Stolba, 1981) and we therefore stress
that our approach is exploratory. The first type of directional
change (used as the response in our first model) that we expected
to indicate whether a tree was a travel goal was the occurrence of a
change point at a fruit-bearing feeding tree. The second type of
change was defined as a change point that occurred before (on the
way to a fruit-bearing feeding tree) and at the same feeding tree
(see Methods for justification).

We predicted that each of our proxies for a goal-directed
approach was more likely to occur for fruit trees belonging to
species containing high amounts of fructose, glucose, saccharose or
starch, here summed into one component termed ‘easy energy’. We
also expected an effect of neutral detergent fibre (NDF), although
the predicted direction of its effect is not straightforward. NDF in-
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cludes cellulose and hemicellulose which can be partially trans-
formed into energy by the microbes that live in the hindgut of
chimpanzees (Conklin-Brittain, Knott, Anderson, & Wrangham,
2006; Holloway, Tasman-Jones, & Lee, 1978; Milton & Demment,
1988), yet it also includes indigestible lignin and is regarded as a
feeding deterrent for herbivores (Milton, 1979; Remis, 2002).
Chimpanzees, like other primates, have been reported to be more
likely to eat fibrous and protein-rich food such as leaves later in the
day (Wrangham, 1977), to fill up their gut before resting as fibre is
reported to be more difficult to digest (Chapman& Chapman,1991;
Janson& Chapman, 1999; but see Carlson, Rothman,&Mitani, 2013
for an alternative explanation). We therefore expected chimpan-
zees to be less likely to change direction for fruits that contain high
levels of NDF in the early morning than in the evening, and
included an interactive effect of NDF with time of day.

Earlier studies of diet composition in wild primates revealed a
relatively high percentage of fat content in fruits compared to
herbaceous leaves (mountain gorillas, Gorilla beringei beringei:
Reiner, Petzinger, Power, Hyeroba, & Rothman, 2014; wild howler
monkeys, Alouatta palliata: Chamberlain, Nelson, & Milton, 1993).
Fat contains a large amount of energy and is involved in physio-
logical mechanisms such as neural, retinal and brain growth, tissue,
cellular and cardiovascular development and the maintenance and
function of the immune system (Conner, 2000; Crawford, 1992;
Reiner et al., 2014; Wainwright & Ward, 1997). Hence we also
investigated the role of fat in fruit, and expected that a directional
change in travel was more likely to occur if the fruit species at a
feeding tree contained a higher average amount of fat.

In addition, we predicted that the probability of occurrence of
both types of directional change would be positively influenced by
characteristics of the feeding tree, such as its crown size and the
amount of fruit in the tree crown, and was more likely to occur
when the tree belonged to the genus Ficus (Janmaat et al., 2014;
Wrangham et al., 1993). The nutritional value of figs is highly
debated (Shanahan et al., 2001; Wrangham et al., 1993), yet pri-
mates' ranging behaviour has been shown to be influenced by the
location of fig trees (Janmaat et al., 2014; Noser& Byrne, 2007). We
therefore investigated whether chimpanzees were more likely to
travel in a goal-directed way towards figs than trees of other
genera.

We furthermore predicted that chimpanzees would be more
likely to perform a goal-directed approach to trees of rare species,
either because they remember their location (Janmaat et al., 2013;
Normand, Ban, & Boesch, 2009) and target these trees from a dis-
tance (prospective memory: Ban, Boesch, & Janmaat, 2014), or
simply because they prefer to eat the fruit of trees that are not
commonly available and therefore are more likely to change their
travel direction for rare species.

Moreover, we predicted that the probability that each type of
changewould occur would be positively influenced by the presence
of other chimpanzees at a feeding tree, either because their pres-
ence indicates the availability of food or for social reasons. Finally,
we expected an effect of the time elapsed since the first day that
any individual in the study group had been observed feeding on the
respective fruit species. On the one hand, we expected that the
chimpanzees would be more likely to direct their travel towards
trees of a given species at the beginning of the season, as they may
prefer to feed on newly emerged foods rather than types they have
been feeding on for months, due to a phenomenon called taste
fatigue (Carlson et al., 2013). This variety-seeking feeding behav-
iour has been observed in humans, who most likely have similar
taste bud physiology to chimpanzees (Rolls, 1985; Wisniewski,
Epstein, & Caggiula, 1992). On the other hand, we expected that
as the season progressed, the chimpanzees' knowledge of which
trees had produced fruit would become more advanced. As
primates, including chimpanzees, have been reported to remember
the fruiting states of trees (e.g. Ban et al., 2014; Janmaat et al., 2013,
2006; Cunningham & Janson, 2007), we expected that the chim-
panzees would be more likely to perform a goal-directed approach
to fruit-bearing trees at the end of their season than at the
beginning.

METHODS

Study Site and Subjects

Our study site (26.5 km2) is located on the western side of the
Taï National Park (TNP) at 15 km east of the Taï village. At the time
of the study the chimpanzee, P. t. verus, community included on
average four adult males and six adult females and an average total
number of 28 individuals (South group). Located in southwest Côte
d'Ivoire, TNP harbours approximately 1300 tree species
(Guillaumet, 1967), and represents the largest remaining protected
area of old growth lowland rainforest in West Africa (5050002000N,
7019001600W) covering 5360 km2 (Boesch et al., 2008; Kouakou,
Boesch, & Kuehl, 2011; N'Goran et al., 2012). We followed five
adult female chimpanzees habituated to human presence by the Taï
Chimpanzee Project (Boesch & Boesch-Achermann, 2000; Boesch
et al., 2008). Data were collected from 16 April 2009 to 30 August
2011, for successive continuous periods ranging from 4 to 8 weeks,
totalling 275 full days.

Data Collection

Five adult female chimpanzees were followed every day from
dawn (when theywere still in their sleeping nest) until dusk (when
they made a new sleeping nest). The locations of all trees in which
females ate fruit were recorded with a GPS 60CsX (Global Posi-
tioning System) andmarked with brightly coloured spray paint. We
used a GPS and voice recorder to record the duration and location of
each feeding activity via continuous focal sampling (Martin &
Bateson, 2007). Two observers (K.J. and S.B.) followed a given fe-
male on alternate days (results of interobserver reliability tests for
the scoring of activities are provided in Janmaat et al., 2013). In
addition, we recorded the number of adults present in the group
(party size) and the number of males and females to determine the
sex ratio (ratio of males to females). These two social measures
were recorded to control for the possibility that they influenced the
shape of the travel path and the probability of a directional change
occurring. Animals that forage in a large group have been shown to
perform a ‘pushing forward’ behaviour whereby competing mem-
bers keep searching for food in the same direction, which can make
it more difficult for individuals within the group to change travel
direction (also referred to as ‘group inertia’; Janson, 2007; van
Schaik, van Noordwijk, De Boer & Den Tonkelaar, 1983). In addi-
tion, chimpanzee males were observed to back-track less (Bates &
Byrne, 2009) than female chimpanzees, making sex ratio an
important control predictor. We furthermore recorded whether
other chimpanzees were in the tree at the moment of the focal
female's arrival. This was done to control for the possibility that
females directed their travel towards a feeding tree because they
had heard (auditory cues) or seen (visual cues) other chimpanzee
individuals already at the tree and hence approached those trees
for social reasons.

To test the effect of tree characteristics on changes in female
travel direction, trained field assistants relocated each marked
feeding tree the day after each focal observation, estimated the tree
crown size and measured the amount of fruit in its crown (see Ban
et al., 2014 for detailed explanations). With the use of binoculars,
the amount of fruit was estimated by checking the tree crown from
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all four cardinal directions and ranking the amount in classes of 0%,
1e25%, 26e50%, 51e75% and 76e100% of the crown being covered
in fruit (Chapman et al., 1992; Gon�e Bi, 2007; Peres, 1991). For tree
density, we used the density measures collected by Gon�e Bi (2007).

Data Analyses

To record the focal chimpanzee's travel path we used the GPS's
track log function (see Janmaat et al., 2013 for information on set-
tings, accuracy measurements and data cleaning procedures). To
gain insight into what factors influenced the probability that the
chimpanzees approached feeding trees in a goal-directed way, we
determined for the daily travel path of each female the point at
which the female changed her travel direction significantly by use
of the ‘change point test’ (Byrne et al., 2009; Janmaat et al., 2013).
We used a significance criterion of 0.05, step interval ¼ 5 min and
q ¼ 4, which has been argued to be optimal for chimpanzees in
rainforest habitat (Byrne et al., 2009). In order not to disturb the
feeding chimpanzees, we did not always follow them underneath
the crown of feeding trees. We therefore combined all cases where
a change point occurred within a tree's detection field
(mean ¼ 33.90; SD ¼ 12.32) and cases that occurred in the fruit fall
area (mean ¼ 6.51 m; SD ¼ 175.76), and defined such cases as a
T1

CP2

CP1

T

T2

(a)

(b)

Figure 1. Schematic representation of changes in travel direction made by a female chimpan
reaching (CP1) and then at a feeding tree (CP2).
‘directional change at the feeding tree’ (Fig.1a). The probability that
such a directional change occurred or not was used as the binomial
response in our first statistical model. This choice was inspired by
previous studies discussed above (Asensio et al., 2011; Byrne et al.,
2009; Janmaat et al., 2013; Joly & Zimmermann, 2011; Noser &
Byrne, 2013). However, to some this choice may not be straight-
forward. One may argue that when a change in travel direction
occurs after feeding it provides little indication that the tree was in
fact targeted earlier in time. However, we argue that a change point
is only detected when it is preceded by a relatively straight-line
approach (in our case four travel segments each separated by a
5 min interval) and followed by a significant change in direction
(often back towards the area fromwhere the forager came; Fig. 1a;
Byrne et al., 2009; Janmaat et al., 2013). This could, therefore,
indicate a goal-directed approach of the location at which the
change point occurred (see Janmaat et al., 2013).

For the second response measure, we selected all cases that had
a directional change before the chimpanzee's arrival (between the
previous feeding tree and the detection field of the feeding tree and
a second change point occurring at the feeding tree; Fig. 1b). This
first change point could be regarded as a potential ‘decision point’
after which the forager reaches a goal (see Byrne et al., 2009). To
exclude cases in which the change points occurred because the
T

T
T1

Fruits fall area of T

Maximum detection distance of T
Feeding tree

Change point (CP)

Fruits fall area of T2
Maximum detection distance of T2
Feeding tree
Previous feeding tree

Change point (CP)

zee. (a) A directional change (CP) at a feeding tree. (b) Changes in travel direction before
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chimpanzee was in fact aiming to approach a different tree, we
included the requirement that the first change point had to be
located between the previous feeding tree (T1; Fig. 1b) and the
feeding tree of interest (T2; Fig. 1b). To make it even more likely
that the tree of interest (T2) was indeed a goal and not simply fed
upon ‘en passant’ we included a second condition, which was that
the chimpanzee also had to change direction at tree T2. Hence, our
second response incorporated two consecutive directional changes
(as in Noser & Byrne, 2013): (1) a change point (CP1) occurring on
the way from a previous feeding tree (T1) to the feeding tree of
interest (T2), and (2) a second change point (CP2) taking place at
the feeding tree (T2). The probability of the occurrence of these two
consecutive directional changes was thus the binomial response in
our second model. We used two types of response instead of only
one to gain a better insight into which directional changes might
best indicate a goal-directed approach.

We estimated the nutritional content of the fruit in each feeding
tree using the average values calculated per species from a previous
study conducted at the same study site (Hohmann et al., 2010;
N'Guessan, 2012; N'Guessan et al., 2009; see Table 1 showing
nutritional values of the fruit species). Fruit samples were collected
by N'Guessan from the trees in which the chimpanzees were
feeding at the time of sample collection (N'Guessan et al., 2009).
The fruit items collected were either ripe or midripe since chim-
panzees are known to specialize on ripe and midripe fruits (Houle,
Conklin-Brittain, & Wrangham, 2014; Wrangham et al., 1998). In
most fruit species the chimpanzees ate the pulp, but in some they
ate the seeds or the kernel inside the cracked nuts (Table 1).
Nutritional analyses were only conducted on parts of the fruit that
were observed to be eaten.

The first predictor in each model, defined as ‘easy energy’, was
the sum of the average percentages in each fruit species of four
nonstructural carbohydrates, namely glucose, fructose, saccharose
and starch (Table 1). These were determined using commercial
enzymatic tests (R-Biopharm, Darmstadt, Germany; UV method,
Hohmann et al., 2010). The second predictor was the average per-
centage of NDF (structural carbohydrate; Table 1), for which levels
were measured using the analysis system of van Soest (1994) as in
N'Guessan et al. (2009) and Hohmann et al. (2010). These nutri-
tional values were calculated per fruit species. Hence, fruit items
from trees of the same species were assumed to possess a similar
nutritional value. The third predictor was the average percentage of
Table 1
Nutritional contents of the parts of the fruit that were eaten by the five adult female chi

Fruit species Part of the fruit analysed

Chrysophyllum taiensis Pulp
Dialium aubrevillei Pulp
Drypetes aubrevillei Pulp
Duboscia macrocarpa Pulp
Ficus elasticoides Pulp
Ficus eriobotryoides Pulp
Ficus macrosperma Pulp
Ficus mucuso Pulp
Irvingia grandifolia Pulp
Klainedoxa gabonensis Pulp
Nauclea diderrichii Pulp
Nauclea xanthoxylon Pulp
Pachypodanthium staudtii Pulp
Panda oleosa Kernel
Parinari excelsa Pulp
Parinari excelsa Kernel
Sacoglottis gabonensis Pulp
Scottelia klaineana Pulp
Sterculia oblonga Pulp
Treculia africana Pulpþseed
crude fat (Table 1). This was extracted with ethyl ether via a fully
automatic Soxhlet-system (Gerhardt Laboratory Systems,
K€onigswinter, Germany; Hohmann et al., 2010). Some of the high
fat levels in fruit pulp, for example in Chrysophyllum taiensis
(Table 1), may be due to the latex found in the fruit (Houle et al.,
2014).

Since we predicted that the time since the start of the feeding
season would influence the probability of a directed approach, we
included a variable to represent ‘day since the season started’. This
was defined as the number of days that had elapsed since the first
day on which a chimpanzee from our study group had been
observed eating fruit of the respective species. To calculate this
measure for tree approaches that occurred within the first few
weeks of our data collection, we used prior feeding data collected
by assistants of the Taï Chimpanzee Project before the start of our
study period.

To control for a potential effect of energy balance we calculated
the focal female's relative cumulative energy balance, in each case
estimated at the immediately previous change point. The cumula-
tive energy balance was defined as the cumulative sum of the en-
ergy intake and energy expenditure in kilocalories and was
estimated as follows. We started calculations at value zero at the
moment when the female left her nest in the morning. We then
added the values of energy intake and deducted energy expendi-
ture throughout the day, until the moment the female reached the
last change point after which she visited a feeding tree (see Ban
et al., 2014 for details of the calculations).
Ethical Note

This study is based on noninvasive observations. We followed
the ASAB/ABS Guidelines for conducting research on the chim-
panzees and obtained official approvals for the research in the
country in which our study was conducted (Permit number: 208/
MESRS/DGRSIT/KYS/sac and authorization 2008/08_922 from the
Minist�ere de l'enseignement sup�erieur et de la recherche scienti-
fique, Côte d’Ivoire). To minimize the chance of disease trans-
mission from humans to chimpanzees, the five adult females were
typically followed by one observer at a time and observers took care
to remain at a distance of at least 7 m at all times (Boesch, 2008;
Leendertz et al., 2006).
mpanzees (percentage dry matter)

Easy energy NDF Fat

48.12 23.94 21.33
50.65 12.53 0.2
53.57 20 0
13.62 48.4 1.7
1.11 47.49 10.44
4.37 57.46 3.91

17.9 30.13 5.27
24.69 25.33 4.86
46.38 25.51 0.26
34.85 50.07 1.51
41.64 35.46 1.28
24.91 20.12 2.89
23.83 48.83 7.82
3.52 40.78 51.73

43.53 15.91 0.65
0.12 14.46 78.05

38.23 26.96 0.7
4.53 49.65 38.06
3.78 36.58 2.76

14.25 47.39 2.33



Table 2
Factors influencing the probability that female chimpanzees changed their travel
direction at a feeding tree (Fig. 1a; Nfemales ¼ 5; Nfeeding visits ¼ 1510)

Estimate SE P

Intercept �1.193 0.084
Main predictors
Nutritional values of fruit in feeding tree
Easy energy 0.270 0.154 0.080
NDF: Time of day �0.141 0.063 0.024
Fat 0.375 0.143 0.011

Other feeding tree characteristics
Standardized crown size 0.021 0.063 0.739
Total fruit amount 0.101 0.070 0.151
Tree density �0.363 0.103 0.003
Fig tree* (yes) 0.606 0.287 0.047
Days since the season started 0.134 0.069 0.106
Chimpanzee at arrival tree (yes) �0.309 0.431 0.426

Control predictors
Sex ratio �0.082 0.074 0.271
Party size �0.002 0.076 0.979
Relative energy balance �0.155 0.138 0.225
Temporal autocorrelation term 0.179 0.060 0.004

Significant P values are in bold.
* This effect was unstable.
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Statistical Analyses

To investigate which factors influenced the probability that a
female chimpanzee changed her travel direction at a feeding tree
(first response; Fig. 1a), as well as at a feeding tree and on the way
to that feeding tree (second response; Fig. 1b), we used two
generalized linear mixed models (GLMM; Baayen, 2008) with
binomial error structure and logit link function. In both models we
included as main predictors the fruit nutrient contents of the tree
species: namely easy energy, fat and the interaction between NDF
and time of day; feeding tree characteristics: total fruit amount,
standardized crown size, species density and whether the tree
belonged to the genus Ficus (yes or no); day since the season started
for the respective tree species; and whether other chimpanzees
were already at the feeding tree (yes or no). Sex ratio, party size,
relative cumulative energy balance measured at the last change
point before an approach and a temporal autocorrelation termwere
included as control predictors. Chimpanzee individual, tree species
and tree individual were included as random effects to avoid
pseudoreplication and to investigate the effect of tree species. To
investigate the possibility that chimpanzees had an individual
preference for particular species and whether this varied among
individuals, for example due to differences in past experience or
dental wear (one female was lacking the teeth needed to eat tough
fruit), we included the random effect chimpanzee individual pref-
erence (which was the combination of focal individual and tree
species). To keep type I error rate at the nominal level of 5% (Barr,
Levy, Scheepers, & Tily, 2013; Schielzeth & Forstmeier, 2009) we
included random slope components for all the main predictors
within chimpanzee individual that showed sufficient variation
within the levels of the random effect of chimpanzee. We consid-
ered variation to be sufficient for quantitative predictors when
there were at least three different values for at least half of the
chimpanzees and for factors when they had at least two levels with
each having at least two observations per chimpanzee. Note that
such random slopes account for possible individual differences in
the effects of these predictors on the response.

To create stable models, we transformed predictors so as to
achieve roughly symmetric distributions. We square-root trans-
formed days since the season started and log transformed relative
energy balance, tree density, party size and fat. After this, we z-
transformed all covariates to establish comparable estimates and
enable us to interpret interaction terms more easily (Schielzeth,
2010).

To derive the temporal autocorrelation term (i.e. temporal
nonindependence of the residuals from the model), we first ran the
full model without accounting for autocorrelation and derived the
residuals. In a subsequent step we averaged, separately for each
data point, the residuals of all other data points of the same
respective individual chimpanzee, whereby we weighted their
contribution to the average by their distance to each respective data
point. We then included the resulting values as an ‘autocorrelation
term’ in each final model (Fürtbauer, Mundry, Heistermann,
Schülke, & Ostner, 2011). The weighting function had a Gaussian
distribution with a mean of zero and a standard deviation chosen
such that the likelihood of the model with the autocorrelation term
included was maximized.

Since the occurrence of two successive change points (Fig. 1b)
was rare, our second model did not initially converge. To decrease
model complexity and increase stability we therefore removed
subsequent visits to the same feeding trees from the data, so that
the random effect of tree individual could be removed from the
model. We assessed model stability by visually comparing the es-
timates derived from amodel based on all datawith those obtained
from models in which each level of a random effect (such as
chimpanzee individual and tree species) was excluded one at a
time. This revealed that the final models were stable with regard to
the effects of all main, control and random predictors, with the
exception of the predictor fig (Ficus, yes or no) in the first model. To
rule out multicollinearity, we determined variance inflation factors
(VIF; Field, 2005; Quinn & Keough, 2002) for a standard linear
model excluding the random effects and the interaction term for all
the predictors (main and control). Multicollinearity was only an
issue for the predictors easy energy and fat, which revealed rather
high VIF values in bothmodels (easy energy: 6.24 and 6.01; fat: 5.35
and 5.56; for the first and second models, respectively). However,
as both predictors showed a significant effect in the first and a trend
in the second model, and multicollinearity tends to influence
standard errors and hence P values, we decided to present and
interpret the results from the models including both easy energy
and fat values.

We first assessed the overall significance of the main predictors
(Forstmeier & Schielzeth, 2011) by comparing the full model
comprising all predictors with a null model which omitted the
main predictors but comprised the control predictors (relative cu-
mulative energy balance, sex ratio, party size and autocorrelation
terms) and the same random effects structure, using a likelihood
ratio test (Dobson, 2002). Since the interaction between NDF and
time of day was not significant in the second model, we removed it
from themodel and re-ran it without the interaction term (Table 3).

Given that a GLMM with a binomial outcome was used, change
in the odds ratios was calculated. To calculate the 95% confidence
intervals of the estimates we used a parametric bootstrap simula-
tion based on a custom-written function (Mundry, 2015) as follows.
Parametric bootstraps were derived by generating a new response
based on the model output. More specifically, we sampled esti-
mates for the fixed effects from normal distributions with means
and standard deviations being the estimates and their standard
errors, and estimates for the random effects (intercepts and slopes)
from normal distributions with means of zero and standard de-
viations, all as specified in the model output. In this way, we
derived a bootstrapped response for which we then fitted the same
model as for the original data. We repeated these steps 1000 times
and derived confidence intervals by cutting off 2.5% at either edge
of the derived distributions of the estimates (Mundry, 2015).

Overdispersion did not appear to be an issue (dispersion
parameter: 0.74 and 0.97, respectively, for the first and second



Table 3
Factors influencing the probability that female chimpanzees changed their travel
direction before (on the way to the feeding tree) and at a fruit-bearing feeding tree
(Fig. 1b; Nfemales ¼ 5; Nfeeding visits ¼ 982)

Estimate SE P

Intercept �2.589 0.159
Main predictors
Nutritional values of fruit in the feeding tree
Easy energy 0.635 0.304 0.055
NDF 0.384 0.168 0.056
Fat 0.688 0.302 0.034

Other feeding tree characteristics
Standardized crown size �0.011 0.125 0.929
Total fruit amount 0.445 0.142 0.011
Tree density �0.772 0.202 0.004
Fig tree (yes) �0.694 0.603 0.246
Chimpanzee at arrival tree (yes) �0.652 0.637 0.271
Days since the season started 0.284 0.141 0.086
Time of day �0.157 0.175 0.366

Control predictors
Sex ratio 0.018 0.163 0.923
Party size �0.057 0.150 0.703
Relative energy balance �0.405 0.291 0.160
Temporal autocorrelation term 0.167 0.105 0.143

Significant P values are in bold.
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Odds ratio with confidence interval

Easy energy

0.080
NDF:Time of day

0.024
Crude fat

0.011
Standardized crown size

0.739
Total fruit amount

0.151
Tree density

0.003
Fig tree (yes)*

0.047
Chimpanzee at arrival tree (yes)

0.426
Days since the season started

0.106

Figure 2. Change in the odds ratios (that the female changed direction at the food
tree) per unit increase of the test predictors. Indicated are odds ratios, their 95%
confidence intervals and respective P values. *This effect disappeared when we
removed data on one female (Julia).
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Figure 3. Probability of female chimpanzees changing their travel direction in relation
to level of fibrous energy (NDF) and time of day. The height of spheres represents the
probability that a change point occurred at the feeding tree, per combination of NDF
content and time of day. Each surface (i.e. square) represents the expected probability
of a change in travel direction at the feeding tree according to the model (conditional
on all other predictors being set at their average value, with the predictors ‘fig tree’ and
‘chimpanzees at arrival’manually dummy coded and centred). Sphere size corresponds
to the relative number of observations, with closed circles being above the model
surface and open circles below.
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models). Total sample size was 1510 and 982 feeding tree visits in
the first and second models, respectively, observed on 982 tree
individuals belonging to 19 fruit species consumed by five female
chimpanzees. Models were implemented in R (R Core Team., 2014)
using the function glmer of the R package lme4 (Bates, Maechler, &
Bolker, 2013). Model diagnostics were calculated using the func-
tions ‘vif‘ (R package ‘car’, Fox & Weisberg, 2011). To investigate
whether rare trees have larger trunks, we used Spearman exact
test. These analyses were implemented in R using the packages
‘gtools’.

RESULTS

To investigate what factors influenced the probability that
chimpanzee females approached a feeding tree in a goal-directed
manner we designed two statistical models that allowed us to es-
timate the combined effect of the nutritional content of the fruit,
the amount of fruit, indicators of the chimpanzees' knowledge of
the fruiting states of different trees, and social factors, on the
probability that a chimpanzee female made a directional change at
the feeding tree (response 1; Fig. 1a), and at the feeding tree as well
as on her way to the feeding tree (response 2; Fig. 1b).

The first model was significant compared to the null model
(likelihood ratio test: X2¼ 19.04, P ¼ 0.039; Nfemales ¼ 5; Nfeeding

visits ¼ 1510). After controlling for party size, sex ratio, relative en-
ergy balance and temporal autocorrelation, we found that the
greater the percentage of fat in the fruit species and the lower the
tree density in the territory, the more likely females were to change
direction at the feeding tree (Table 2, Fig. 2). Moreover, we found a
significant interactive effect of the percentage of NDF and the time
of day on the probability that a directional change occurred at a
feeding tree. However, contrary to our expectations, the females
were more likely to direct travel towards fruit species containing
high levels of NDF earlier rather than later in the day (Table 2, Figs. 2
and 3). We also found a trend towards a higher likelihood of a
directional change when the fruit species contained a higher per-
centage of easy energy (nonstructural carbohydrates such as sugars
and starch; Table 2, Fig. 2). The temporal autocorrelation term had a
positive impact on the response (Table 2). However, crown size,
total fruit amount, presence of other chimpanzees at the tree, the
number of days since the season started and the control predictors
(sex ratio, party size and relative energy balance) had no significant
effect on the probability that chimpanzee females changed their
travel direction at feeding trees (Table 2). No effect was found of the
random effects individual preference (X2¼0.000 (when rounded),
P ¼ 1.000 (when rounded) and tree species (X2¼0.000, P ¼ 1.000)).
The model results initially indicated that females were more likely
to change travel direction at fig trees than trees belonging to other
genera (Table 2, Fig. 2). However, detailed model diagnostics
revealed that this result was unstable and was strongly influenced
by the behaviour of one of the five females (the female, Julia, that
lacked a certain number of teeth and had difficulty eating tough
food).
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Figure 5. Probability of female chimpanzees changing travel direction in relation to
the fat content of fruit on a tree. The Y-axis represents the probability that a change
point occurred before and at the feeding tree (Fig. 1b) and the X-axis represents the
percentage of fat found in the consumed fruit species. The area of circles represents the
sample size per combination of binned predictor and response. The line represents the
expected probability that individuals change travel direction before and at a feeding
tree predicted by the model (conditional on all other predictors being set to their
average values, with the predictors ‘fig tree’ and ‘chimpanzees at arrival’ manually
dummy coded and centred).

S. D. Ban et al. / Animal Behaviour 118 (2016) 135e147142
The second model was also significant compared to the null
model (likelihood ratio test: X2¼ 19.59, P ¼ 0.033; Nfemales ¼ 5;
Nfeeding visits ¼ 982; Table 3). As in the first model, females weremore
likely to change travel direction before and at the feeding tree
(response 2; Fig. 1b) when the fruit species contained a higher
percentage of fat (Table 3, Figs 4 and 5) and when the tree species
was at lower density in the territory (Table 3, Figs. 4 and 6), after
controlling for party size, sex ratio, relative energy balance and
temporal autocorrelation. When the fat content of fruit ranged be-
tween 0 and 4% the probability of changing travel direction
increased steadily with increasing fat concentrations, while from 4%
onwards the probability increased in a more exponential way
(Fig. 5).We found a trend towards a higher likelihood of a directional
change when the fruit species contained a higher percentage of easy
energy (Table 3, Fig. 4). No significant interactive effect of NDF and
time of day was detected; however, an unexpected and marginally
significant positive effect of NDF was found. Total fruit amount had a
significant positive impact (Table 3, Figs. 4 and 7), and there was a
trend for an effect of the number of days since the season started for
a given tree species (Table 3, Fig. 4). Females were more likely to
change travel direction before and at the feeding tree later in the
season. Standardized crown size, time of day, whether another
chimpanzee was at the feeding tree and whether the tree was a fig
tree, as well as the control predictors (sex ratio, party size, relative
energy balance and the temporal autocorrelation term), had no
significant effect on the probability that the chimpanzee females
changed their travel direction at and on the way to feeding trees
(Table 3). The random effect tree species did not have a significant
effect on the second response measure (X2¼0.000, P ¼ 1.000).

DISCUSSION

Do Chimpanzees Change Travel Direction for Particular Nutrients?

To gain insight into how chimpanzees value their feeding trees
and hence explore an alternative way to gain insight into the food
0 1 2 3
Odds ratio with confidence interval

Easy energy

0.055

0.056

NDF

Crude fat

0.034
Standardized crown size

0.929
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Total fruit amount

Tree density

Fig tree (yes)

Chimpanzee at arrival tree (yes)

0.004

0.246

0.271

0.086

0.366

Days since the season started

Time of day

Figure 4. Change in the odds ratios (that the female changed direction before
reaching, and then at, the food tree) per unit increase of the test predictors. Indicated
are odds ratios, their 95% confidence intervals and respective P values. For example, for
one unit of increase in the fat content of the fruit at the feeding tree, the odds of
changing direction before and at the food tree increase by two.
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Figure 6. Probability of female chimpanzees changing travel direction in relation to
tree density. The Y-axis represents the probability that a change point occurred before
and at the feeding trees (Fig. 1b) and the X-axis represents the tree density of the
consumed fruit species. The line illustrates the expected probability that individuals
change their travel direction at a feeding tree predicted by the model (conditional on
all other predictors being set to their average values, with the predictors ‘fig tree’ and
‘chimpanzees at arrival’ manually dummy coded and centred). The area of the circles
represents the sample size per combination of binned predictor and response.
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Figure 7. Probability of female chimpanzees changing travel direction before and at
feeding trees in relation to the amount of fruit on the tree. The Y-axis represents the
probability that a change point occurred before and at a feeding tree (Fig. 1b) and the
X-axis represents the fruit amount ranked in classes of 0%, 1e25%, 26e50%, 51e75%
and 76e100%. The area of the circles represents the sample size per combination of
binned predictor and response. The line illustrates the expected probability that in-
dividuals change their travel direction before and at a feeding tree predicted by the
model (conditional on all other predictors being set to their average values, with the
predictors ‘fig tree’ and ‘chimpanzees at arrival’ manually dummy coded and centred).
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preferences of wild foragers, we investigated which feeding trees
were approached in a goal-directed manner by chimpanzees and
which ones were not. Our results indicated that female chimpan-
zees were more likely to change their travel direction for trees that
bore fruit containing a higher amount of fat. Fat contains more
energy (9 kcal/g) than sugars and protein (4 kcal/g, each; FAO,
2003; Slavin, 2005) and aids in vitamin absorption (Maynard,
Loosli, Hintz, & Warner, 1979; Calvert, 1985). This is especially
true when it is associated with a high fibre intake (Slavin, 2005).
Considering that rainforest fruits overall possess a relatively high
amount of fibre (Milton, 1999) compared with cultivated fruits, it
may be particularly important for the absorption of vitamins to
select fruits that have relatively high amounts of fat. In humans it
has been shown that fats such as olive oil are essential for the body
to absorb provitamin A carotenoids in salads (Brown et al., 2004). In
addition, directional changes by females tended to be more likely
when fruit in the feeding tree contained a greater amount of easy
energy, i.e. sugars. This supports the findings of wild and captive
studies on primate food choice, preferences and selection (Remis,
2002; Reynolds, Plumptre, Greenham, & Harborne, 1998;
Wrangham et al., 1998). The lack of a significant effect of easy en-
ergy in both models was surprising, but might be explained by low
variation in average sugar levels among the different fruit species.
Alternatively, it is possible that the sugar levels of fruit in females'
feeding trees were different from the average levels measured for
the species, due to differences in the microhabitat of the tree,
height of the collected fruit in the tree, day of season, time of day at
which samples were collected (Carlson et al., 2013; Houle et al.,
2014; Reynolds et al., 1998; Rothman et al., 2012) or the fruit's
ripening stage, and that this obscures an overall effect of easy
energy.

In addition to fat and easy energy, NDF appeared to be an
important predictor in both models. In the second model its effect
was only a trend, while in the first model chimpanzee females
were more likely to change direction at feeding trees with high
levels of NDF but, contrary to our predictions, more so in the
morning than the evening. It is possible that fruit with high levels
of NDF also contain other chemical components (e.g. a low level of
antifeedants, such as bitter tannins or low levels of lignin) that we
were unable to analyse, since this information was unavailable for
the selected fruit species. This possibility requires further inves-
tigation using a larger number of samples to allow these com-
ponents to be assessed. However, even if that were the case it
would still be difficult to explain why females would only feed on
fruit containing low levels of antifeedants or lignin early in the
day. As chimpanzees and humans show a similar kinetic response
to different fibre levels in the diet (i.e. more rapid turnover of
ingesta with increased fibre level), as well as a similarity in their
respective abilities to degrade (via gut flora) the cellulose and
hemicelluloses (Milton, 2003; Milton & Demment, 1988), we
searched the human literature in an effort to explain our findings.
In humans, chewing highly fibrous food produces saliva and
gastric secretions that fill the stomach and increase satiety. Satiety
further increases owing to the bulk of the fibre in the stomach
(Papagiannidou, Tsipis, Athanassiadou, Petrou, & Athanassiadou,
2013). It is possible that eating fibrous fruit in the morning pro-
vides both energy and a feeling of satiety after a relatively long
(overnight) period of not feeding. In addition, eating a highly
fibrous food in the morning may help individuals feel satiated for
longer, as energy is released at a slower rate than that from sugars
(Jenkins et al., 1993; Slavin, 2005). The consumption of fibrous
food at any time of the day may also improve fat oxidation
(release energy) and fat storage (Slavin, 2005), which is useful for
brain development and maintenance (Crawford, 1992).

Do Chimpanzees Change Travel Direction for Particular Trees?

Both models revealed a significant negative effect of tree
density on the probability of a directional change at or on the way
to a feeding tree. This could be explained by the possibility that
females were better able to remember the location of each of the
lower number of a rare tree type and were therefore more likely
to direct their travel towards such trees from a greater distance
(Janmaat et al., 2013; Normand et al., 2009). These memories may
be more salient as rare trees are known to have larger trunks
(diameter at breast height; Spearman exact test for trees in the
females' territory: r ¼ 0.68, Nspecies ¼ 33, P < 0.0001) and are more
productive (Anderson, Nordheim, & Moermond, 2002). Crown
size (standardized using the average crown size of the species) did
not have a significant impact in either model, which may be
because all the trees considered were feeding trees and thus did
not vary greatly in standardized crown size (Janmaat et al., 2013).
The lack of any significant impact of the random effect tree species
in both models might be because some species were only rarely
visited during our observation period (Tables A1 and A2 in the
Appendix). Hence, we propose that future studies that aim to
reveal which fruit species are preferred by chimpanzees should
exclude from their analyses species that are rarely visited. A large
part of the variation in the probability of a directional change was
explained by the autocorrelation terms that considered the time
lags between tree visits. The positive impact of temporal auto-
correlation on change probability may have many explanations.
One of them could be that the effect is a reflection of temporal
clustering, if chimpanzees were feeding on trees containing fruit
of similar fat levels or densities within the species' respective
fruiting seasons.

Evidence for effects of other tree characteristics upon the
probability of a directional change occurring was found, but these
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effects differed between models. For example, the amount of fruit
did not have any significant effect in the first model, but had a
positive effect in the second. We argue that the second response
measure is potentially a better indicator of a long-distance goal-
directed approach (the mean distance between the first change
point (CP1; Fig. 1b) and the detection field of a target feeding tree
was 369.11 m), in which fruit amount was an important factor in
the decision to direct long-distance travel to a particular tree. The
first responsemeasuremay also have included cases where females
simply directed their travel to a tree after spotting it along the way.
Our suggestion that the second response is a better indicator of a
long-distance goal-directed approach could also explain why we
did not find an effect of time since the start of the fruiting season in
the first model, but did so in the second. Towards the end of the
season, the chimpanzees probably had more knowledge of the
availability and amount of fruit in feeding trees than at the begin-
ning, and hence might have beenmore likely to target feeding trees
from greater distances and invest in a long-distance approach. Our
results suggest that foragers have more updated knowledge of the
fruiting state of trees at the end of a season than early in the season
and adjust their ranging behaviour accordingly.

Our study clearly indicates that the nutrient content of fruit has
a significant impact upon the shape of a chimpanzee female's travel
path. These findings pave the way for future investigations of food
preference in wild animals through the analysis of their ranging
patterns. We would like to stress that our study was exploratory
and we encourage continued investigations of different types, or
sequences, of directional changes that might be used as a proxy for
goal-directed approach. One type could be a true detour, in which
the animal ‘deviates’ from a current travel route. Future effort
should focus on how we may best define and quantify such de-
viations. In addition, changes in speed, and not only in direction,
should be considered as a potential indicator of travel decisions and
goals (Polansky, Werner, & George, 2015). Future investigations
should also focus on other parameters influencing the occurrence
of directional changes on foragers' travel routes. One such param-
eter could be the nutrient content of fruit samples obtained from
individual trees at the same time as, or even prior to, the point
when primates were feeding there, rather than estimates of content
based on analyses conducted at a species level as in this study
(Houle et al., 2014) especially because nutritional values can differ
dramatically between plant individuals (e.g. Rothman et al., 2012).
Such analyses should, in addition, include other nutritional vari-
ables such as secondary metabolites, protein, minerals and vita-
mins to gain further insight into the importance of the nutritional
content of fruit in a wild forager's diet.
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Table A2
Number of trees that coincided with a change point occurring before and at the feeding tree per species (Fig.1b)

Tree species Number of trees where no change
point occurred

Number of trees where change point occurred
at least once

% Trees at which change point(s) occurred

Chrysophyllum taiensis 11 2 15
Dialium aubrevillei 56 4 6
Drypetes aubrevillei 5 1 16
Duboscia macrocarpa 48 0 0
Ficus elasticoides 22 4 15
Ficus eriobotryoides 7 2 22
Ficus macrosperma 27 2 6
Ficus mucuso 2 0 0
Irvingia grandifolia 35 1 2
Klainedoxa gabonensis 192 25 11
Nauclea diderrichii 57 9 13
Nauclea xanthoxylon 7 0 0
Pachypodanthium staudtii 7 0 0
Panda oleosa 32 1 30
Parinari excelsa (fruit) 18 3 14
Parinari excelsa (nut) 12 3 20
Sacoglottis gabonensis 128 3 2
Scottelia klaineana 136 11 7
Sterculia oblonga 5 1 16
Treculia africana 8 5 38
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