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Orangutan Dietary Differences and Correlates 

 

Madeleine E. Hardus, Han de Vries, David F. Dellatore, 

Adriano R. Lameira, Steph B.J. Menken, Serge A. Wich 

 

Abstract 

The diet of great apes consists of several hundred plant species. The factors determining 

diet differences have been examined between populations, but not within a population, 

probably due to the confounding effect of seasonal fluctuations on food availability. In 

Sumatran orangutans (Pongo abelii), food availability appears to have little influence on diet 

composition, which in turn allows for addressing this question. We examined the diet of 

eight adult female orangutans at Ketambe, Sumatra, and investigated whether fruit 

availability at the plant species level, association time and/or home range overlap 

influenced dietary overlap between female dyads. Between most pairs, females diets were 

different: 16 out of 23 pairs had a significantly low diet species overlap.  Food availability 

only influenced (negatively) diet overlap in fig species. Association time only influenced 

(positively) the overlap of feeding time on figs and the diet overlap in fig species. Home 

range did not influence overall diet overlap. To our knowledge, this is the first study 

comprehensively showing that individuals with similar energetic requirements, from the 

same population and occupying the same area, make different dietary choices, while 

controlling for confounding factors. A preferential learning model, in which an individual 

learns diet from his mother and adjusts it only to limited extent by individual learning after 

independency, suitably explains these results. We discuss the implications of the findings for 

orangutan conservation, namely on reintroduction and the felling of fig trees.  

 

 

 

In review:  

Behavioral Ecology and Sociobiology 
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Introduction 

Non-human primates (hereafter primates) living in tropical rainforests are surrounded by 

thousands of plant species. Primates greatly rely on these resources, but their diets  

comprise only a fraction of what is present (Robbins & Hohmann, 2006). In great apes, a 

species’ diet may consist of several hundred plant species (Russon et al., 2009). Among the 

factors that may determine and influence primate diets, are not only nutritional quality 

(Janson et al., 1986; Leighton, 1993; Wasserman & Chapman, 2003) and social learning 

(Bastian et al., 2010; Jaeggi et al., 2010; Rapaport & Brown, 2008), but also food availability, 

as an individual can only consume what is available (Buij et al., 2002; Chapman, 1988; 

Doran, 1997; Knott, 1998; Matsumoto-Oda, 2002; Stanford & Nkurunungi, 2003). 

Interestingly though, food availability has been shown to have little influence on the diet 

class (fruit, leaves, flowers, etc) composition of Sumatran orangutans (Wich et al., 2006). 

Across substantial fluctuations in food availability, Sumatran orangutans are able to 

maintain a high percentage of figs and fruit in their diet year round (Wich et al., 2006). This 

suggests that each individual does not strictly follow what is available in the forest. Thus, 

within dispersed fission-fusion orangutan communities (e.g. Singleton et al., 2009), different 

individuals may consume different species and exhibit varied diets. Indeed, several studies 

on primate diets have found dietary differences between conspecific populations and/or 

communities (Bastian et al., 2010; Boesch et al., 2006; Nishida et al., 1983), and even 

between age-sex classes within a population of the same species (Ganas et al., 2004; Wich 

et al., 2006). However, to our best knowledge, no study to date has comprehensively 

examined individual diets between the majority of animals constituting a local primate 

population while using strict criteria to control for confounding factors (c.f. Jaeggi et al., 

2010).  

To further explore the relation between fruit availability and diet, we investigate 

the individual diets of all adult parous female orangutans in the resident population at the 

Ketambe (Indonesia) research site. Specifically, we examine diet differences at the level of 

fruit and fig species, as these items comprise the majority of the diet of Sumatran 

orangutans (Wich et al., 2006). First, we investigate whether time spent feeding on fruit and 

fig species by female orangutans is related to the availability of these species. Second, we 

investigate diet overlap, as measured by feeding time on particular species and diet species’ 

overlap between female dyads. Third, we investigate if diet overlap between female dyads 
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are explained by food availability, association time, home range overlap, or distance to 

home range centroid between the same females. 

 

Methods 

 

Study site 

This study was conducted in the Ketambe research site (3°41'N, 97°39'E), Gunung Leuser 

National Park / Leuser Ecosystem (Aceh, Sumatra, Indonesia). Most of the research area is 

covered by pristine tropical rainforest at elevations of 350–1000 m above sea level, with the 

area having been subjected to high levels of encroachment since 1999 (Hardus et al., 2012b; 

Rijksen, 1978; van Schaik & Mirmanto, 1985; Wich & Utami Atmoko, 2010; Wich et al., 

1999). The orangutan population in the study area is well known and has been studied since 

1971 (Rijksen, 1978; Schürmann & van Hooff, 1986; Sugardjito et al., 1987; Utami-Atmoko, 

2000; Wich et al., 2004b).  

 

Data  

Field assistants recorded monthly fruit availability data from 25 phenology plots (25x25m; 

van Schaik, 1986; Wich & van Schaik, 2000) between August 2003 and June 2005. On each 

tree, the number of fruits was scored in classes (see Wich and van Schaik 2000 for details), 

but in the analyses presented in this paper only presence or absence of fruits were used. All 

species were identified to species; a local name was given in the event that the Latin name 

was not known. Plant species were identified by botanists from several international 

herbaria and the main Indonesian Herbarium in Bogor. We calculated fruit availability as the 

percentage of trees bearing fruit. Phenology plots consisted of orangutan and non-

orangutan fruits, however this could not have influenced the results because a strong 

correlation between orangutan fruit availability and overall fruit availability was found (r = 

0.99; Wich et al., 2006). 

Feeding data and association data were collected from August 2003 till June 2009 

by field assistants, and other researchers during standardized behavioral data collection 

techniques based upon the San Anselmo standardization (2003; van Schaik, 1999). A 

minimum follow length of 3 hours was used, which is suggested to represent a suitable 

standard for orangutan studies (Harrison et al., 2009). Furthermore, data were only used 

when the focal individual was followed for more than 3 days per month. For comparisons 
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between two individuals we included an additional requirement to decrease possible 

influence of seasonality: data were only used when focal individuals were followed with less 

than 15 days apart during a specific month. This study is based on eight individuals, and we 

solely considered adult parous females, because they have smaller home ranges than males, 

their range can greatly overlap with each other (Singleton et al., 2009; Singleton & van 

Schaik, 2001), and this age-sex class is the one for which the largest comparative dataset is 

available. Concerning feeding data, only time spent feeding on fruits and figs was used. 

Overlap of feeding time was calculated as percentage of overlap for time spent feeding on a 

particular species between two individuals. Home range overlap and distance between 

home range centroids were calculated per dyad of individuals for the period August 2003 till 

June 2009 in ArcGIS 9.3.1 (ESRI, 2009). Cumulative annual home ranges per individual were 

calculated in the form of fixed kernel density estimates (KDE) (Worton, 1989) generated 

through the Home Range Tools extension (Rodgers et al., 2007).  Biased cross validation was 

used to select smoothing parameters, with cell size set at 50m, and 90% volume contours 

chosen to include the overall home range of each individual. Home range overlaps were 

then calculated through measuring with ArcGIS Analysis Tools (ESRI, 2009) the area of 

intersection for each orangutan dyad. 

Fig and fruit availability was calculated per species per month, and correlated with 

the time orangutans spent feeding on each. However, not all species comprising orangutan 

diet were found to exist within the phenology plots and thus, only species present in the 

phenology plots were included in the correlation between feeding time and the specific fig 

and fruit availability. 

 

Statistical analyses 

We developed a permutation test procedure in R version 2.13.0 (R Development Core Team, 

2011) to assess the statistical significance of (1) percentage of time spent feeding on 

particular species by two individuals (feeding time overlap), and (2) the proportion of 

identical species in the diets of two individuals (diet species overlap). These tests were 

carried out at the plant species level for fruits including figs, and conditional upon all 

observed percentages of foraging time spent on similar and/or different fruit species by two 

individuals in the months they were followed. Hereafter, we will explain in detail the two 

statistical test procedures using the Ketambe data set from the orangutan dyad Ans and 

Chris as an example.  
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First, the average overlap in feeding time on identical species across the 8 months 

during which Ans and Chris were followed is 47.2%. To perform the permutation test, the 

percentages of feeding time spent by each of the two orangutans on the different fruit 

species are, for each month separately, randomly permuted. This is based upon the null 

hypothesis that each of the observed percentages of time spent feeding on some fruit 

species by an orangutan could just as likely be spent feeding on another fruit species by this 

orangutan. By creating 10,000 sets of randomly permuted sequences of monthly 

percentages of feeding time for each of the two individuals, a null distribution of the 

average overlap in feeding time was generated (Figure 1). Subsequently, the probability of 

obtaining an average overlap in percentage of feeding time on identical species greater than 

or equal to 47.2 (i.e. Pright) was calculated, and was 0.0001 (based on 10,000 permutations). 

Thus, the average overlap in feeding time on identical species was significantly high for Ans 

and Chris, meaning that they spent a significantly larger amount of feeding time on identical 

fruit species than was expected under the null hypothesis.  

Second, Ans and Chris foraged on six identical fruit species in August 2003. The 

total number of fruit species foraged on by at least one of them in this month was 27. 

Accordingly, the diet species overlap was 6/27 = 0.22 for this month. The average diet 

species overlap, calculated across all months during which both individuals were followed, 

was 0.35. After running a permutation test, similarly as described above, it was found that 

Pleft was 0.0001 (based on 10,000 permutations). Thus, the diet species overlap (i.e. 0.35) 

was significantly low for Ans and Chris, meaning that the proportion of identical fruit species 

foraged on by these two orangutans was significantly less than expected by chance. We 

applied a Bonferroni correction for multiple comparisons (Hochberg, 1988) for each of the 

two sets of permutation tests, as we tested multiple dyads. For correlation analyses we 

used the Spearman’s rho correlation test. The critical significance level was set at 0.05; all 

tests are two-sided. 
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Figure 1. Frequency histogram of random feeding time overlap for the orangutan dyad Ans 

and Chris, generated under the null hypothesis (see text). 

 

Results 

 

Fruit availability 

Overall fruit availability was not correlated with time spent feeding on fruit (excluding figs; 

rho = 0.046, p = 0.701; n = 72 months) and figs (rho = -0.180, p = 0.131; n = 72 months). 

However, fruit availability per plant species was significantly correlated with time spent 

feeding on that species  for figs (rho = 0.415, p = 0.049; n = 6 fig species), but not for non-fig 

fruit species (rho = -0.038, p = 0.602; n = 43 fruit species).  

 

Diet differences and diet overlap 

The percentage of time spent feeding on a species was significantly higher than expected by 

chance for only 4 out of 23 dyads (Table 1). In contrast, diet species overlap was significantly 

lower than expected by chance for 16 out of 23 dyads (Table 1). Percentage of feeding time 

on identical species was not correlated with overall fruit availability or with distance to 

home range centroid, but it was significantly correlated with association time and home 
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range overlap (Table 2). When separating feeding time on identical species in time spent on 

fig species and on fruit species (excluding figs), only feeding time on identical fig species was 

significantly correlated with association time (Table 2). Diet species overlap was significantly 

correlated with overall fruit availability (Table 2). When separating diet species overlap in fig 

species and fruit species (excluding figs), only fig species overlap was significantly correlated 

with overall food availability (Table 2). Diet species overlap was also significantly correlated 

with association time, but when separating non-fig and fig species, only fig species overlap 

was significantly correlated with association time (Table 2). Home range overlap and 

distance of home range centroid were not correlated with diet species overlap (Table 2). 
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Table 1. Dietary overlap between female orangutans 

 

Dyad 

Mean 

Feeding time 

overlap (%) Range (%) 

Two-sided 

p-value 

Mean  

Diet species 

overlap (P) 

 

Range (P) Two sided  

p-value 

 Ans-Binjei 34.3 [0.6-61.1] 0.116 0.19 [0.07-0.32] 0.0006 

 Ans-Chris 47.2 [29.7-60.6] 0.0002 0.35 [0.22-0.50] 0.0002 

 Ans-Elisa 19.7 [3.9-40.7] 0.7 0.09 [0.07-0.11] 0.0002 

 Ans-Pluis 33.7 [9.1-58.3] 0.32 0.12  0.0172 

 Ans-Yet 31.4 [6.6-58] 0.036 0.27 [0.17-0.36] 0.0002 

 Binjei-Chris 19.9 [11.3-30.6] 0.96 0.25 [0.22-0.30] 0.0008 

 Binjei-Elisa 13.8 [5.8-21.8] 0.34 0.16 [0.06-0.25] 0.0002 

 Binjei-Pluis 5.8  0.08 0.08  0.084 

 Binjei-Yet 20.0 [4.5-41.1] 0.66 0.16 [0.10-0.21] 0.0002 

 Chris-Elisa 23.8 [7-51.8] 0.3 0.28 [0.12-0.50] 0.0002 

 Chris-Pluis 43.5 [26.2-57.1] 0.0002 0.30 [0.19-0.39] 0.0002 

 Chris-Puji 25.6 [25-26.1] 0.13 0.26 [0.21-0.31] 0.0002 

 Chris-Sina 17.0 [0.2-44.3] 0.66 0.23 [0.05-0.45] 0.0002 

 Chris-Yet 34.8 [3-70.3] 0.0002 0.30 [0.04-0.50] 0.0002 

 Elisa-Pluis 36.0 [9.7-63.6] 0.076 0.31 [0.18-0.45] 0.86 

 Elisa-Sina 3.6  0.2 0.11  0.0026 

 Elisa-Yet 48.9 [11.5-98] 0.007 0.30 [0.13-0.40] 0.0002 

 Pluis-Puji 76.6  0.0002 0.55  0.18 

 Pluis-Sina 20.2 [1.3-39.1] 0.98 0.18 [0.15-0.22] 0.074 

 Pluis-Yet 35.9 [15.6-55.1] 0.0088 0.33 [0.22-0.43] 0.0002 

 Puji-Sina 36.8  0.172 0.21  0.0042 

 Puji-Yet 37.0  0.094 0.44  0.024 

 Sina-Yet 66.2 [34.7-88.1] 0.0066 0.34 [0.27-0.43] 0.96 

P = proportion of species. Bold: p-values that indicate significance from the permutation 

test and after applying the sharper Bonferroni correction for multiple comparisons 

(Hochberg, 1988).  
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Table 2. Correlations between diet overlap and several variables 

 

Fruit availability 

(n = 50) 

Association 

time 

(n = 50) 

Home range 

overlap 

(n = 23) 

Distance to 

home range 

centroid 

(n = 23) 

 Spearman’s rho  

correlation test rho p rho p rho p rho p 

Ft overlap fruit (incl. figs)  0.261 0.068 0.475 < 0.001 0.426 0.043 -0.269 0.214 

Ft overlap figs    0.463 0.001 0.289 0.182   

Ft overlap fruit    0.04 0.785 0.292 0.177   

Diet sp (fruit incl. figs) overlap -0.309 0.029 0.282 0.047 0.293 0.174 -0.331 0.122 

Fig sp overlap -0.305 0.031 0.435 0.002     

Fruit sp overlap -0.142 0.324 0.015 0.917     

Ft = Feeding time, sp = species. 

 

Discussion 

We found that overall fruit availability did not influence feeding time on fruits (excluding 

figs) or figs for female orangutans. This stands in contrast to the positive trend between 

fruit availability and feeding time on fruit (excluding figs) for the same sex-age class that has 

been reported by Wich and colleagues (2006) for the same population during an earlier 

study. Although this trend could not be replicated with our data, we did find an effect at the 

plant species level. When investigating the effect of fruit availability at the species level and 

their respective representation in orangutan diet, we found that orangutans proportionally 

increase their feeding time on figs when their availability increases. This was not found for 

fruit species (excluding figs).  

In addition, our results indicate that the diet of orangutan females (measured as 

time spent feeding on identical species) was more similar than expected by chance for only 

a minority of individuals. On the other hand, in terms of fruit and fig species constituting 

their diet (measured as diet species overlap), the diet of orangutan females was significantly 

different for the majority of individuals. Thus, the diets of the 8 female orangutans are 

substantially different from each other. Fruit availability did not influence the percentage of 

time spent feeding on identical species for either fruits or figs, but a negative relation was 

found between fig species consumed (measured as fig species overlap) and fruit availability. 
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That is, the higher the abundance of fruit in the forest, the lower the overlap of fig species 

in the diet between orangutans. This suggests that during fruit scarcity, orangutans very 

likely search for and depend on similar species of figs, perhaps even on specific fig trees (see 

also Sugardjito et al., 1987), which agrees with previous assertions that figs represent 

important staple fallback foods for these primates (Marshall & Wrangham, 2007; Marshall 

et al., 2009b; Wich et al., 2006). Fig tree density has been suggested to determine 

orangutan carrying capacity in the dryland forests of Sumatra (Marshall et al., 2009a; 

Morrogh-Bernard et al., 2009; van Schaik et al., 2001; Wich et al., 2004a). Particularly, the 

high orangutan density in Ketambe has been suggested to be the result of the area’s 

exceptionally high fig tree density. During periods of fruit abundance, individuals spend less 

time feeding on figs, as shown in a previous study by the negative relation of time spent 

feeding on figs and fruit (Wich et al., 2006). We found that orangutans consume a larger 

variety of fig species during periods of fruit abundance and this is in line with the 

observation that orangutans travel more when fruit is abundant (Morrogh-Bernard et al., 

2009). We also found that association time was correlated to both time spent feeding on 

identical fig species and fig species overlap, but not for fruit. This can be understood from 

the observation that orangutans at Ketambe form feeding aggregations at large fig trees 

(Sugardjito et al., 1987; Utami et al., 1997). At Ketambe, figs likely bear the largest crop sizes 

within this forest area (Hardus, Lameira and Wich, personal observation), which may 

strongly determine the visit rate by orangutans in the area (Leighton, 1993). Overall, these 

findings suggest that dietary overlap (expressed as percentage of time spent feeding on 

identical species and as diet species overlap) is mainly the result of the feeding associations 

in large fig trees at Ketambe.   

The observation that dietary overlap was generally low may be surprising 

considering that the orangutans forage in the same area. However, individuals only form 

feeding aggregations during fruit scarcity at large fig trees, and this does not probably 

represent a suitable place or time for the transmission of information related to unknown 

edible foods. Orangutans are suggested to follow a preferential social learning model 

(Bastian et al., 2010), when diet acquisition by an individual initially relies on social learning 

(by transmission from the mother; Jaeggi et al., 2010; Jaeggi et al., 2008), but is 

subsequently adjusted through years of low-level, individual sampling (e.g. Galef & Whiskin, 

2001). Thus, the low dietary overlap, or in other words, the large differences in diet species 

composition between female orangutans, is compatible with the preferential social learning 
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model. The absence of correlations between fruit and fig dietary overlap and distance 

between individuals’ home range underscores that the low values of dietary overlap for 

these species were not a consequence of micro-habitat differences between individuals. 

This is, to our knowledge, the first study to demonstrate that the majority of individuals of 

the same population of a primate species have significantly different diets. This suggests 

that each individual makes different diet choices to satisfy their own (energetic) needs.  

Fruit availability in Ketambe is higher throughout the year than in many other areas 

where orangutans have been studied (Husson et al., 2009; Marshall et al., 2009a; Wich et 

al., 2011b). In terms of fruit availability this makes Ketambe more similar to a peat swamp 

forest, where fruit availability seems to be more regular than in mixed-dipterocarp forests 

(Morrogh-Bernard et al., 2009; Wich et al., 2011b). In forests with lower density of figs, such 

as in Borneo, orangutans do not seem to rely on figs as fallback foods (Morrogh-Bernard et 

al., 2009), and variation in diet between different orangutan populations seems to be 

mainly influenced by habitat type and the degree of fluctuation in fruit availability 

(Morrogh-Bernard et al., 2009). However, our results show that large variations in diet may 

occur in the same forest/habitat, between individuals with similar energetic requirements, 

and without being necessarily affected by the degree of fluctuation in fruit (excluding figs) 

production. It is probable that in Ketambe, the fruit species included in the orangutan diet is 

not affected by fluctuations in fruit (excluding figs) production because availability is always 

relatively high; however, this should be addressed in future studies. Nevertheless, the 

dynamics that influence orangutan diet differences within a population seems distinct from 

those between populations. Within populations, diet composition (i.e. fruit species 

consumed and time spent feeding on these species) seems to be mostly determined by 

what individuals learned from their mother. Individual learning after reaching independence 

seems to contribute only modestly to diet similarity. This may be confirmed in the future by 

assessing individuals’ ontogenetic diet changes.   

The findings of this study have two implications for orangutan conservation. First, it 

is relevant to reintroduction practices to know that an individual’s diet is largely formed 

before their independence. Reintroduction of confiscated individuals back into the wild is 

one of Indonesia’s main orangutan conservation strategies (Soehartono et al., 2009). 

Released individuals are, nevertheless, frequently unfamiliar with their new habitat and the 

food resources therein, and years after release, food sources which are important for their 

wild counterparts can remain ignored by reintroduced orangutans (Russon, 2009). 
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Therefore to expose and familiarize individuals before release, with numerous plant species 

present in their future release area, would likely assist in the success of the reintroduction 

process. Secondly, our findings reemphasize the importance of large figs trees in mixed 

dipterocarp forests for orangutan diets and therein population viability as a whole. 

Accordingly, in agreement with recent published guidelines for minimized impact logging 

(Hardus et al., 2012b), trees with attached climbing figs should not be felled. 
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