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Reduced Acceptance of Novel Food in Sumatran Orangutans Explains  

Why Bornean Orangutans Cope Better with Logging 

 

Madeleine E. Hardus, Adriano R. Lameira, Rhonda Pietsch, Rahmad Wahyudi,  

Robert W. Shumaker, Steph B.J. Menken, Serge A. Wich 

 

Abstract  

Deforestation and forest degradation through logging are major threats to the survival of 

orangutans. Logging significantly alters orangutan food supply and one of orangutans’ 

strategies in degraded habitats is to consume novel foods. However, Sumatran orangutans 

cope worse with logging than Bornean orangutans. Though relevant to conservation (e.g. 

reintroduction), it remains unknown if species’ behavior towards novel food is at the base of 

this difference. We tested captive orangutans with two-alternative choice tests, presenting 

novel and familiar foods, to assess acceptance and consumption. Orangutans chose novel 

food more often, but remained more cautious during feeding than towards familiar foods. 

Although both species consumed novel food in similar amounts, before consumption 

Sumatran orangutans chose novel food significantly less promptly than Bornean orangutans. 

Orangutans’ survival is determined by their probability to subsist during seasonal periods of 

food scarcity, when they rely on fallback foods. When known food resources are further 

reduced or absent due to logging, novel food acceptance is essential for individuals. This is 

especially critical in Sumatra, where logging significantly affects climbing figs, a major high-

quality fallback food. Higher novel food acceptance in Bornean orangutans explains how 

they can adapt their diet more rapidly to resources altered by logging. 
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Introduction 

Deforestation rates in orangutan habitat rank among the world’s highest (Gaveau et al., 

2009b; Sodhi et al., 2010; Sodhi et al., 2004). Logging, a major threat to orangutan survival 

(Wich et al., 2011a), decreases tree diversity (Cannon et al., 1998) and orangutan food 

resources (Hardus et al., 2012b), whereas it facilitates colonization by immigrant (Sheil et 

al., 1999) and crop plants (FAO, 2006). As a response to food scarcity, orangutans may 

switch their diet (Van Schaik & Brockman, 2005) and incorporate novel foods, as observed in 

degraded habitats and plantations (Campbell-Smith et al., 2011b; Meijaard et al., 2010a). 

Diet is the basis of an animal’s activities, thus the capacity of adjusting its diet determines 

the potential of an individual to survive in a changed environment. Nevertheless, little is 

known about orangutan behavior towards novel food in general (but see Gustafsson et al., 

2011), and their tendency to accept and sample novel food in particular. Sumatran 

orangutans seem to be affected more by logging than their Bornean counterparts (Husson 

et al., 2009; Van Schaik & Brockman, 2005), but it remains unclear if this could be an effect 

of caution towards accepting or consuming novel food.  

Understanding how feeding behavior leads to differences in logging tolerance 

between orangutan species is relevant to reintroduction, where released individuals also 

have to adapt to and sample novel foods to assure their survival in unfamiliar forests 

(Russon, 2002; Russon, 2009). Nevertheless, survival rates after release range between 20% 

and 80% (Russon, 2009), and approximately 1000 orangutans await reintroduction. Diets of 

rehabilitants may approach wild patterns several years after resuming forest life, however 

their diet remains narrow and a number of food sources remain ignored that are important 

for wild orangutans (Russon, 2009). 

To investigate orangutan feeding behavior, we examine novel food acceptance and 

consumption by orangutans in an experimental setting to assess the probability of novel 

food sampling by orangutans in a wild setting upon encountering novel food. 
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Experimental design 

Experiments to investigate novel food acceptance and consumption in captive orangutans 

were conducted between January 2009 and February 2010 at three locations;  Apenheul 

Zoo (AZ: Apeldoorn, the Netherlands), Batumbelin Quarantine Center (BQC: BatuMbelin, 

Sumatra, Indonesia), and Great Ape Trust of Iowa (GATI: Des Moines, USA) (Appendix 2). At 

BQC only individuals who were housed separately (11 individuals) participated. At AZ and 

GATI individuals were housed together and only individuals who could be separated joined 

the experiments (8 and 6 individuals, respectively). All the individuals voluntarily 

participated in the experiments. Experiments complied with current Dutch, Indonesian, and 

American laws and institutional regulations.  

Across the three locations, 13 females and 12 males were tested from which 11 

individuals belonged to age class I (5-9 years old), six individuals to age class II (10-20 years), 

and eight individuals to age class III (>20 years). Twelve individuals were Sumatran 

orangutans (Pongo abelii), nine individuals were Bornean orangutans (P. pygmaeus) and 

four individuals were hybrids. Of all the participating orangutans, 14 were wild born and 11 

were born in captivity. All food items presented in the experiments were discussed with the 

orangutan caretakers prior to the experiments to assess which items were likely part of 

their diet record. The individuals were not food deprived before experiments and the timing 

of the experiments did not interfere with the usual feeding hours. Pilot trials were 

conducted for all observers (i.e. collecting video and ethological data), presenters, and 

orangutans, to familiarize everyone with the procedure. Experiments were recorded with a 

Sony HDV 1080i (at BQC), a Canon FS100 video-recorder (at GATI), and a Panasonic DMC-

T25 digital camera (at AZ). The position in the hands (left or right) and the order of food 

items presented in the experiments were randomized. The order of participating individuals 

was determined to maximize variation, however, the actual order followed the individuals’ 

eagerness to participate in the experiments at each session. Statistical analyses were 

conducted using IBM SPSS 19 (2010, SPSS, Inc.). All tests were two-tailed. Some data were 

not in accordance with a normal distribution and homogeneity of variance, and thus these 

were analyzed with non-parametric tests, however proportions were normalized according 

to arcsine transformation (Zar, 1999).  

Five aspects of orangutan behavior towards novel food were examined; food 

choice (pertaining to food acceptance), feeding duration, feeding consumption, and number 
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of looks and smells (pertaining to food consumption). Explorative behavior denotes number 

of looks and smells.  

 

Experiment 1: Food acceptance and consumption with presenter 

In this experiment, food acceptance was assessed using a two-alternative choice test. We 

presented individuals with novel and familiar food items. In total 18 equally sized food items 

(nine novel and nine familiar; Appendix 3) were presented per individual, divided over 3 

days, one session per day (i.e. six food items per day). The individuals were presented with 

one novel and one familiar food item simultaneously and made a choice while the human 

presenter maintained a distance of approximately 80 cm between the two food items. Once 

the orangutan reached for or pointed with hand or eyes to one item, this item was moved 

closer into reach of the individual, while the other item was taken out of sight. The observer 

noted chosen item and feeding duration (i.e. time from first ingestion to last observed 

chew). Food items were weighed before and after the experiment to calculate the amount 

of food eaten by the individual. To quantify individual explorative behavior, the observer 

recorded the number of times an individual smelled at a food and the number of times an 

individual looked at the food in its mouth with a protruding under lip. 

Percentage of novel foods chosen was calculated per individual and tested with a 

one-sample t-test against a chance distribution (50:50). To test the influence of the factors 

gender, age class (5-9, 10-20, or >20 years old), birth location (captivity or wild), and species 

(hybrid, Bornean, or Sumatran), separate statistical tests were conducted instead of an 

overall model for which with four factors at least 50 individuals would have been required. 

For gender and birth location, a t-test was performed; for age class and species an ANOVA 

was performed. In addition, feeding duration, amount of food eaten, and number of looks 

and smells were tested with a Wilcoxon paired test to examine behavioral differences 

between familiar and novel food items. The effect of the factor species on the four 

behavioral variables was tested with a Mann-Whitney U test (MWU). 

  

Experiment 2: Food acceptance without presenter  

To control for an effect of the presenter on the acceptance of novel food, an experiment 

without a presenter was designed. In the enclosure where this experiment was conducted, a 

mixed cluster of four novel and four familiar food items (Appendix 4) were placed, while the 

individual was elsewhere. Subsequently, the individual entered the enclosure and located 
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the cluster of food items. The observer noted the order of food items that were grabbed 

and eaten. The food items were weighed before and after the experiment to calculate the 

percentage of food eaten by the orangutan. Under this setting, feeding duration, amount of 

food eaten, and number of looks and smells could not be assessed accurately so the 

analyses are restricted to food choice. The percentage of novel food items chosen as the 

first four items (i.e. 50% of the food items) was analyzed with a one-sample t-test. To 

compare the percentage of novel food chosen per individual in experiment 1 (with 

presenter) and experiment 2 (without presenter), a paired sample t-test was carried out.  

  

Results 

Food acceptance was assessed using a two-alternative choice test, in which we individually 

presented 25 orangutans with a choice of a novel and a familiar food item. The percentage 

of novel food items chosen (M: 62.77%, SE: 7.49) differed significantly from chance (one-

sample t-test: N = 25, t = 3.521, P = 0.002): orangutans more frequently chose novel food 

than familiar food. Choice was not affected by gender (t = 0.860, P = 0.399), birth location 

(born in captivity or in the wild; t = 1.080, P = 0.291), or age class (infant, adolescent, or 

adult; ANOVA: F = 1.643, P = 0.216). However, the choice of novel foods was significantly 

influenced by orangutan species (Bornean, Sumatran, hybrid orangutans; ANOVA: F = 4.362, 

P = 0.025), with Bornean orangutans choosing significantly more often novel food than 

Sumatran orangutans (Bonferroni post-hoc comparison: P = 0.022). This difference was not 

significant between hybrids and non-hybrids (Bonferroni post-hoc comparison: P = 0.582 

and P = 1.000 between hybrids and Bornean and hybrids and Sumatran orangutans, 

respectively). 

To control for potential effects of the human presenter in food acceptance, we 

designed an experiment without a presenter. The percentage of novel foods chosen 

(M=62.5, SE=9.15) differed significantly from chance (one-sample t-test: N=14, t=2.952, 

P=0.011), and did not differ from the results with a human presenter (paired sample t-test: 

N=14, t=-0.261, P=0.798).  

Following food acceptance, four consumption variables were compared between 

novel and familiar foods, viz. feeding duration, amount eaten, and number of looks and 

smells (explorative behavior). All variables differed significantly for Sumatran and Bornean 

orangutans, but not for hybrids (Table 1): when consuming novel foods, both species 

showed higher caution, expressed in longer feeding time, lower amounts consumed, and 
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more explorative behavior, compared to familiar foods. Sumatran orangutans had a 

significantly longer feeding duration with novel and familiar foods (MWU; NBornean=9, 

NSumatran=12; novel: Z=-2.345, P=0.018; familiar: Z=-3.411, P<0.001) and visually explored 

them more (MWU; novel: Z=-2.989, P=0.002; familiar: Z=-2.073, P=0.041) than Bornean 

orangutans. Amount eaten (MWU; NBornean=9, NSumatran=12; novel: Z=-0.497, P=0.651; 

familiar:  Z=-1.717, P=0.095) and number of smells (MWU; novel: Z=-0.322, P=0.754; 

familiar: Z=-0.882, P=0.554) did not differ between species.  

 
Table 1. Comparison between novel and familiar food choice in orangutans.  

  Feeding duration Amount eaten Number of looks Number of smells 

  Novel Familiar Novel Familiar Novel Familiar Novel familiar 

S 

Median 

[25-75] 

114 

[74-141] 
 

64 

[43-83] 
 

66 

[50-75] 
 

87 

[82-99] 
 

19.5 

[13.0-28.3] 
 

12.4 

[9.2-13.3] 
 

0.6 

[0.2-1.6] 
 

0.0 

[0.0-0.0] 
 

Z -3.059 -2.845 -3.065 -3.065 

P 0.002 0.004 0.002 0.002 

B 

 

Median 

[25-75] 

33 

[27-42] 
 

18 

[14-24] 
 

64 

[41-85] 
 

87 

[84-100] 
 

0.8 

[0.6-1.6] 
 

0.0 

[0.0-0.2] 
 

0.3 

[0.2-1.3] 
 

0.0 

[0.0-0.0] 
 

Z -2.310 -2.666 -2.310 -2.673 

P 0.021 0.008 0.021 0.008 

H 

 

Median 

[25-75] 

50 

[44-60] 
 

32 

[26-37] 
 

76 

[56-91] 
 

99 

[87-99] 
 

2.2 

[1.5-2.9] 
 

0.5 

[0.4-0.5] 
 

0.7 

[0.5-0.7] 
 

0.1 

[0.0-0.1] 
 

Z -1.826 -1.095 -1.826 -1.826 

P 0.068 0.273 0.068 0.068 

S = Sumatran orangutan, B = Bornean orangutan, H = Hybrid. Median and percentiles (25% 

and 75%) and statistical values of four behavioral variables in choice tests between novel 

and familiar foods (Wilcoxon paired-test). Feeding duration in seconds and amount eaten in 

percentage. 

 
Discussion 

Captive orangutans behaved differently towards novel and familiar foods: they more often 

chose and accepted novel food instead of familiar food in a two-alternative choice test, but 

they visually and olfactory explored novel food more intensively. Orangutans also spent 

longer periods feeding on novel food but ate smaller amounts compared to familiar food. 
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Thus, orangutans were curious towards novel food (in either the presence or absence of a 

human presenter) but remained more cautious during feeding. These responses are 

advantageous, as exploration may prevent the ingestion of toxic foods and the ingestion of 

small amounts of food reduces the risk of possible toxic effects (Milton, 1993; Visalberghi et 

al., 2003). Although hybrid orangutans did not show the same response towards novel food, 

it is possible that this was an effect of small sample size (N = 4). 

Age and gender did not influence responses towards novel and familiar food, 

however, the factor species showed significant effects on these responses. Bornean 

orangutans more promptly accepted novel foods than Sumatran orangutans. These results 

are consistent with another study on captive Bornean orangutans, who showed a low level 

of food neophobia (Gustafsson et al., 2011). That Sumatran orangutans took longer than 

Bornean orangutans to consume food in general and explored more intensely familiar and 

novel food may be an effect of higher food production in Sumatra (see below), resulting in 

lower levels of food competition. Future studies may compare feeding rates between 

species in the wild to assess this difference comprehensively.  

The experiments were conducted at three locations (AZ, GATI, and BQC), and we 

are aware that location could have caused differences in responses. However, after 

separating the three locations, no significant difference in choice was found between 

locations (Bonferroni post-hoc comparisons: GATI and AZ, P = 1.00; GATI and BQC: P = 

0.980; AZ and BQC:  P = 1.00). According to a similar reasoning, one could expect biasing 

effects of other characteristics shared between individuals. However, this test also allows to 

partly control for the influence of different individual histories of apes in captive settings on 

our results. For instance, 3 of the 6 individuals at GATI were previously part of the 

entertainment industry and had probably very restricted lives, with little exposure to novel 

food, compared to some zoo living orangutans, who may have been exposed to a wider 

variety of foods. However, GATI did not differ from the other locations. Moreover, captive 

orangutans born in the wild or in captivity differ considerably in their individual histories, 

but we also did not find a significant effect of birthplace. We do not exclude the possibility 

that different individual life histories may either promote or inhibit novel food acceptance, 

but relative to the influence of the factor species, these effects may be artifactual.  

The behavioral difference found between orangutan species in their acceptance of 

novel food is relevant to understand why they tolerate logging differently; Bornean 

orangutans, who accept novel foods significantly more promptly than their Sumatran 
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counterparts, cope better with logging. Acceptance of novel food is one of the most critical 

behaviors in the process of adaptation to a logged forest (or unfamiliar forest in the case of 

reintroduced individuals). Forests within orangutan territory experience more or less 

intense seasonal fluctuations in food availability (e.g. Wich & van Schaik, 2000). It is well 

established that the availability and quality of fallback foods – the food consumed during 

the seasonal periods of food scarcity – determines the carrying capacity of populations of 

orangutans (Marshall et al., 2009a; Morrogh-Bernard et al., 2009; van Schaik et al., 2001; 

Wich et al., 2004a), because inadequate food intake during such periods jeopardizes 

individuals’ survival. At certain sites, for instance, food scarcity is sufficiently intense to lead 

individuals to the brink of protein bankruptcy (Knott, 1998; Vogel et al., 2011). Upon an 

encounter with a novel food (in a logged or unfamiliar forest) during food scarcity, its 

acceptance and sampling may thus have strong implications to that individual’s subsistence 

during the remaining season. This is particularly important because, once orangutans do not 

accept and sample a certain novel species, their acceptance level does not increase, even 

after repeated encounters (Hardus, unpublished data). Only after acceptance, individuals 

increase gradually the amount eaten of the (initially novel) food (Hardus, unpublished data). 

Hence, the more rapid the acceptance of a novel food, the higher is the probability that 

individuals will consume that food sufficiently for the remaining period of food scarcity. 

Though Sumatran orangutans consume equal amounts of novel food as Bornean orangutans 

after acceptance, their significantly lower rate of acceptance of novel food will 

concomitantly translate in overall lower consumption rates and will slow down their 

adaptation process. An additional means, by which novel food acceptance may decisively 

affect the adaption of Sumatran orangutans to logging, is the fact that logging in Sumatra 

mostly affects lianas and figs (Hardus et al., 2012b), the species’ most important fallback 

food. Hence, during food scarcity, the absence of the high-quality fallback food only 

enhances the importance of accepting and sampling other novel foods.  

Other differences between orangutan species, such as degree of frugivory 

(Morrogh-Bernard et al., 2009) and mandibular robusticity (Taylor, 2009), also help 

explaining partly why Bornean orangutans cope better with logging than Sumatran 

orangutan. These differences are, however, related to food consumption, and thus, will 

always vary as a function of food acceptance. This difference in acceptance of novel food 

may also explain differences in dietary breadth, which is broader in Bornean than in 

Sumatran orangutans (Wich et al., 2009).  
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Ultimately, differences in novel food acceptance could be a consequence of 

different soils between islands (i.e. younger volcanic soils in Sumatra), causing lower forest 

fruit productivity in Borneo (Wich et al., 2011b). Since the orangutan lineages split (Locke et 

al., 2011; Nater et al., 2011), Bornean orangutans may have been selected for higher 

behavioral flexibility in a relatively impoverished environment. From a corrective 

conservation perspective, differences in acceptance of novel food could become important 

for reintroduction strategies, as diet is the basis of survival. Enhanced novel food 

acceptance in Bornean orangutans may benefit individuals after release. Conversely, 

reduced acceptance of novel food in Sumatran orangutans suggests that greater effort is 

needed during rehabilitation. Specifically, individuals should be familiarized with numerous 

unfamiliar species present in their future release area, especially nutritious foods. 
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