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 CHAPTER 1 - 9 

1 
 

INTRODUCTION 

 

Human activities such as logging, mining, poaching and land conversion for plantation 

development and other uses have had an enormous impact on biodiversity and the habitats 

of many different species of wildlife, and these activities and their impacts are still growing 

(Butchart et al., 2010; Hoffmann et al., 2011). Habitat and species loss are particularly 

pronounced in tropical rainforests, where biodiversity is high but the amount of natural 

habitat lost is also high (Miettinen et al., 2011; Myers et al., 2000; Sodhi et al., 2004). 

Protected Areas (PAs) are a potentially efficient way of protecting biodiversity (Bruner et al., 

2001; DeFries et al., 2005; Gaveau et al., 2009a; Naughton-Treves et al., 2005), but their 

success is largely dependent on proper funding, community support, strong institutions, and 

law enforcement (Barrett et al., 2001). However, logging and poaching continue to occur 

inside protected areas, such as in Africa and southeast Asia wherein populations of 

endangered species occur (Meijaard & Wich, 2007). Moreover, these species may also live 

partly outside of PAs (e.g. Blanc et al., 2003; Meijaard & Wich, 2007; Morgan & Sanz, 2007; 

Rijksen & Meijaard, 1999), where destructive practices may occur with fewer restrictions 

than within them. Therefore, it is of paramount importance for biodiversity conservation to 

understand how species, especially large mammals, including great apes, react and 

potentially adapt to habitats with varying degrees of human disturbance (e.g. Campbell-

Smith et al., 2011a; Meijaard et al., 2010a). To this end, conservation-oriented research is 

essential, as it provides information on species behavior and responses to anthropogenic 

factors. The outcomes of such research can then be used as input for practical guidelines for 

conservationists, politicians and other relevant stakeholders. Examples include guidelines 

for reduced logging impact on wildlife in general (Meijaard et al., 2005; Pokorny et al., 2005; 

Sist et al., 1998) and regarding taxonomic groups in particular, such as great apes (Ancrenaz 

et al., 2010; Hardus et al., 2012b; Morgan & Sanz, 2007; OCSP, 2010). 

In addition to in-situ great ape conservation, reintroduction programs can also play 

an important role as maintaining sustainable numbers of individuals of endangered species 

in the wild (Beck et al., 2007; Russon, 2009). These programs release ex-captive animals, 

often rescued from the pet-trade, back into the species’ natural habitat. If the primary goal 
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of reintroduction is to establish self-sustaining populations in the wild or to re-establish 

extinct wild populations (Beck et al., 2007), the foremost concern is to assure individual 

survival of the released individuals. Successfully adjusting to forest life depends on a 

number of behavioral adaptations, related to food choices, nesting, and anti-predator 

responses (Rijksen, 1978). It is thus important to comprehend individuals’ natural behavior 

and predispositions in captivity, and how these may accelerate or delay adaptation to the 

new habitat into which they are being released, and consequently how these may affect 

survival chances in the short and long term. This is especially true with respect to the 

species’ diet because food constitutes the basis of all life activities, and food distribution 

and quality often shapes the organization of an animal’s social community. 

Indonesia, the fourth most populous country on the planet, comprised of 

thousands of tropical islands, also boasts one of the highest levels of endemic species in the 

world, with over 646 species of mammals (i.e. more than 10% of the known mammalian 

species worldwide), 36 percent of which are endemic (Konsorsium Nasional Untuk 

Pelestarian Hutan dan Alam di Indonesia, 1995). Thirty of these species are primates, with 

unfortunately 22 of them being either endangered or critically endangered, largely as a 

result of human pressure on their ecosystems (IUCN, Red List 2011). One of these species, 

the orangutan, the only great ape found outside of the African continent is a major flagship 

species of Indonesia (i.e. charismatic species chosen to raise public awareness, action and 

funding; Leader-Williams & Dublin, 2000), is restricted today to the rainforests of the islands 

of Borneo and Sumatra. Orangutans are an umbrella species, meaning that these taxa have 

extensive habitat requirements, so that their protection also relates protection to a host of 

other species that share the same area (Ozaki et al., 2006; Roberge & Angelstam, 2004). In 

the case of orangutans, this implies that in undisturbed conditions, at least five other 

primate species, five hornbill species, 50 different fruit tree species and 15 liana species will 

also carry protection under the ‘umbrella’ of that covering the orangutan (Delgado & Van 

Schaik, 2000; Rijksen & Meijaard, 1999). However, as a result of deforestation and hunting 

(Meijaard et al., 2012), enhanced by the world's most rapidly expanding equatorial crop  (oil 

palm, Elaeis guineensis; Koh & Wilcove, 2008), the orangutan is one of the most threatened 

species of Indonesia, and the Sumatran orangutan (Pongo abelii) has been listed as one of 

the world’s 25 most endangered primate species (Mittermeier et al., 2008). Deforestation 

rates per year on the island of Sumatra are among the highest of the world (between 2000-

2008/9: 0.9% in Aceh and 2.3% in North Sumatra; WWF-Indonesia, 2010), with Sumatran 

orangutans and other wildlife subsequently forced to live in disturbed forests (Rijksen & 

Meijaard, 1999; Singleton et al., 2004; Wich et al., 2011a; Wich et al., 2008). As a result the 
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species has been listed as critically endangered (Red List 2011), and without direct and 

committed intervention its habitat may largely disappear over the next few decades 

(Meijaard & Wich, 2007; Meijaard et al., 2012). The Bornean orangutan (Pongo pygmaeus) 

is listed as endangered by the IUCN (Red List 2011), however their conservation may rapidly 

become as urgent as for their Sumatran counterparts, particularly due to hunting pressure 

in combination with habitat loss in Borneo (Meijaard et al., 2011a; Meijaard et al., 2010b; 

Meijaard et al., 2012). As such, it is important for conservation research to identify the 

essentials of orangutan survival, and which human activities affect orangutans the most.  

Food constitutes the fuel for all biological activities, such as body maintenance, 

growth, locomotion and reproduction. Deforestation directly affects food sources by 

damaging and altering forest structure and composition, thereby influencing the lives of 

forest inhabitants very rapidly. As such, feeding ecological research is a valuable tool for 

conservation. Thus, it is crucial to thoroughly comprehend what an orangutan’s diet consists 

of and how this diet is affected when individuals experience more or less drastic changes in 

their habitat (Soehartono et al., 2009).  

 

Study species 

Orangutans are semi-solitary and form temporal parties of variable composition (fission-

fusion groups) loosely organized around a dominant male (Mackinnon, 1974; Mitra Setia et 

al., 2009). Orangutans may aggregate passively, such as during feeding, or actively, for 

instance when independent juveniles form travel bands (Sugardjito et al., 1987). These 

loose communities are suggested to move around seasonally in search of areas with 

abundant food (te Boekhorst et al., 1990). When large trees are fruiting, several orangutans 

can be seen feeding in the same tree, and at the Ketambe research site in Sumatra, a staple 

fallback food such as large strangler figs (Ficus sp.) can attract up to 15 individuals in and 

around one single feeding tree (Utami et al., 1997). Wild orangutans are mainly frugivorous, 

but also feed on leaves, flowers, bark, and insects, and they also been seen to consume 

mammal meat (Hardus et al., 2012a; Morrogh-Bernard et al., 2009; Russon et al., 2009; 

Utami & Van Hooff, 1997). Sumatran orangutans at Ketambe have been observed to feed on 

a total number of 512 plant items from 379 different plant species (Russon et al., 2009). 

Individual diets contain at least 100 different plant species, but likely many more as after 

more than 2,800 follow hours per orangutan (Augustus 2003-June 2009; M.E. Hardus 

unpublished data), individuals are still observed to consume additional plant species for the 

first time.  
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In Sumatra, orangutan reintroduction programs began to release ex-captive 

orangutans into the wild during the 1970’s (Frey, 1978; Rijksen, 1978), but the success of 

such reintroduction work is virtually unknown (Zweifel, 2009), although it has been 

documented that some individuals have successfully reproduced in the wild (cf. Trayford et 

al., 2010). Reintroduced orangutans are confiscated either from the pet trade or from forest 

fragments and many of them have spend relatively long periods of time in households. After 

confiscation, orangutans are rehabilitated in centers before they are released back into the 

wild. Because IUCN guidelines on great ape reintroduction stipulate that ex-captive, 

rehabilitant orangutans should not be released into areas where resident wild populations 

occur (Beck et al., 2007), release sites are likely to differ in ecology from their place of 

origin. Knowledge about which food items can be eaten and which should be avoided is 

crucial for survival, and is of particular importance to know in terms of increasing the 

chances of reintroduction success (e.g. Beck et al., 1991; Russon, 2009; Vogel et al., 2002). 

In golden lion tamarins (Leontopithecus rosalia), for example, consumption of toxic fruits 

and starvation caused the death of nearly 20% of the reintroduced animals (Beck et al., 

1991), and an inadequate diet is one of the common causes of death for reintroduced 

orangutans (Russon, 2009). This reinforces the importance of comprehending how 

orangutans learn which items to include in their diet, food preferences and correlates, so 

that survival of individuals in reintroduction programs can be better maximized. 

 

Aims and overview of the thesis 

In this thesis, I examine several aspects and determinants of orangutan diet at individual 

and species levels. Up to now, most orangutan studies on diet have focused on broad diet 

categories at the population level. As such, this study presents results at a new level of 

detail, which is a necessary step to better understand orangutan behavior and predict how 

(reintroduced) orangutans can survive and adapt to habitat changes (and to their release in 

unfamiliar forest). I started this study in 2007 on the island of Sumatra, with this thesis 

containing the main findings of 2.5 years of field and experimental work.  

In chapter 2, I study the effects of logging on the individual behavior of orangutans. 

The chapter focuses on the changes in forest structure brought about by logging, and how 

orangutan behavior differs between a pristine section of forest as compared to a selectively 

logged section of the same forest. The research area of Ketambe, Sumatra, Indonesia (part 

of the Gunung Leuser National Park and Leuser Ecosystem), has been partially subjected to 

intense but selective logging during the years 1999-2002. Whilst condemnable, this provides 

a unique opportunity to address the important question of the impact of logging on 
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individual orangutan behavior. I specifically focus on orangutan food resources, their activity 

budget, dietary composition, height of activity in the vegetation and locomotion. Based on 

the results, recommendations are given for conservation research, as well as guidelines for 

reduced-impact logging. 

In chapter 3, I focus on the diet composition of 8 wild orangutans at Ketambe in 

order to make a further assessment of the logging impact in this population (chapter 2). At 

the same time, in this chapter I examine whether diet overlaps between individual, adult 

parous females, using data that were collected over a period of 7 years. Dietary overlap of 

individual orangutans was examined at the level of fruit and figs species by testing the 

effects of food availability at the plant species level, association time (i.e. the time 

orangutans were in association with each other for example when feeding or resting) 

and/or overlap in home range on diet similarity between individuals.  

In chapter 4, I further investigate a specific aspect of the diet of a particular female 

of the Ketambe population, namely the capture and the subsequent consumption of 

mammal meat. This behavior has seldom been observed during the several decades of 

research conducted at Ketambe. I use all data available on such incidences to investigate 

how, when, and why an orangutan consumes meat. Furthermore, I use data on orangutan 

chewing rates on raw meat as a model to calculate the time necessary for early hominins to 

consume meat without the aid of cooking. Moreover, I compare data on raw meat 

consumption in orangutans and chimpanzees and offer some insight on the factors affecting 

raw meat consumption in the human lineage. This chapter reemphasizes the importance of 

collecting data at the individual level. Moreover, it shows how rare natural behaviors, which 

may easily be disrupted by human disturbances (van Schaik, 2002), can provide insights into 

other disciplines.   

In chapter 5, I examine the acceptance and consumption of novel and familiar 

foods by individual captive orangutans. I perform experiments to understand how 

orangutans (Pongo pygmaeus, P. abelii, and their interspecific hybrids) react towards novel 

food, and how their reaction is influenced by gender, birth location and species. This is 

especially important for 1) conservation efforts, where wild orangutans live in degraded 

habitats with novel food (plants that colonized the disturbed area, or in the form of 

plantations), and for 2) reintroduction programs, where released orangutans need to 

incorporate novel food into their (rather restricted) diet repertoire. This experimental study 

was carried out in three captive orangutan groups, at Great Ape Trust of Iowa (US), 

Apenheul Zoo (The Netherlands) and BatuMbelin Quarantine Center (Indonesia). 
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In chapter 6, I present an experimental study conducted with the same three 

captive groups, which builds upon the results of chapter 5. Specifically, it poses the 

question, how may rehabilitant orangutans increase their acceptance and consumption of 

novel food to increase dietary diversity? The experiments in this chapter test the effects of 

both repeated exposures and sociality on the acceptance and consumption of novel food. In 

addition to chapter 2, this chapter provides further guidelines for reintroduction projects.  
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2 

 

Effects of Logging on Orangutan Behavior 

 

Madeleine E. Hardus, Adriano R. Lameira, Steph B.J. Menken and Serge A. Wich 

 

Abstract 

The human footprint is increasing across the world’s natural habitats, causing large negative 

impacts on the survival of many species. In order to successfully mitigate the negative 

effects on species’ survival, it is crucial to understand their responses to human-induced 

changes. This paper examines the effect of one such disturbance, logging, on Sumatran 

orangutans – a critically endangered great ape. Orangutan population densities may 

decrease or remain stable after logging, but data on the effects of logging on the behavior 

of individuals is scant. Here, we provide individual-level behavioral data based on direct 

observations in 2003–2008 at the Ketambe (Sumatra, Indonesia) research area (partly 

subject to intense selective logging) in order to assess responses of Sumatran orangutans to 

logging. Logging significantly negatively affected forest structure and orangutan food 

resources, specifically important fallback and liana-derived foods. Individual orangutans 

behaved differently between logged and pristine forest; they moved more and rested less in 

logged forest. With the exception of figs, diet composition remained overall similar. 

Altogether, life after logging seems energetically more expensive for orangutans. Based on 

the results of this study, we provide recommendations for conservation research and 

guidelines for reduced-impact logging. 

 
 
 
 
 
 
 
 
 
Published as:  
Hardus, M.E., Lameira, A.R., Menken, S.B.J., Wich, S.A., 2012. Effects of logging on orangutan behavior. 
Biological Conservation 146, 177-187. 
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Introduction 

Human impact on our planet, such as (illegal) logging and forest conversion, caused and is 

causing a vast decline of the world’s biodiversity (Butchart et al., 2010; Hoffmann et al., 

2011; Pimm & Raven, 2000). Unmanaged logging and side effects (e.g. poaching, road 

building) lead to degradation of the natural habitat and may be detrimental for numerous 

species (Gibson et al., 2011). Especially large mammals such as tigers (Panthera tigris 

sumatrae), rhinoceroses (Dicerorhinus sumatrensis) and elephants (Elephas maximus) are at 

great risk because of their low population densities and/or habitat requirements (Kinnaird 

et al., 2003; Leimgruber et al., 2003; Raffaelli, 2004; Wibisono et al., 2011). Other large 

mammals that have seen substantial reductions in numbers due to habitat loss and 

degradation include our closest relatives, the great apes (e.g. Arnhem et al., 2008; Bergl et 

al., 2008; Grossmann et al., 2008; Rijksen & Meijaard, 1999; Walsh et al., 2003). Of these 

the Sumatran orangutan, Pongo abelli, could be the first great ape species to become 

extinct in modern times (Wich et al., 2008). Over the last century, a dramatic decline has 

occurred in numbers of great apes (Ancrenaz et al., 2004b; Campbell et al., 2008; Delgado & 

Van Schaik, 2000; Goossens et al., 2006; Meijaard et al., 2010b; Walsh et al., 2003), which 

has concomitantly led to a loss of genetic diversity (Bergl et al., 2008; Goossens et al., 2006). 

All great ape species are considered either endangered or critically endangered (IUCN, Red 

list 2010) and most of the remaining individuals live outside protected areas (orangutans: 

circa 75% on Borneo and Sumatra; Meijaard & Wich, 2007; Rijksen & Meijaard, 1999); 

(African apes: circa 90% Morgan & Sanz, 2007). Nearly every area in which great apes occur 

has been exploited or is assigned to become so in the near future (Caldecott et al., 2005; 

Husson et al., 2009; Morgan & Sanz, 2007; Rijksen & Meijaard, 1999; Tutin & Vedder, 2001). 

Therefore, with continuous logging occurring outside and inside protected areas in Africa 

and Southeast Asia (c.f. Meijaard & Wich, 2007), it is of paramount importance for species 

and ecosystem conservation to understand how keystone species, such as great apes, react 

and potentially adapt to habitats with varying degrees of human disturbance (e.g. Campbell-

Smith et al., 2011a; Clark et al., 2009; Meijaard et al., 2010a). 

Several studies have investigated the impact of logging on wild orangutan 

(sub)species (Table 1). Some early studies indicated a negative impact of heavy logging on 

orangutans (Table 1; van Schaik et al., 1995), while several recent studies indicated that 

light to moderate logging had a moderately negative or no impact on orangutan densities, 

but altogether these studies ran from less than 2 years to more than 20 years after logging 

(Table 1). Different orangutan (sub)species may also show different flexibility/tolerance 

towards logging (Husson et al., 2009; van Schaik et al., 2001), as has similarly been found 
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between Pan and Gorilla in Africa, where chimpanzees are more sensitive to selective 

logging than gorillas (e.g. Arnhem et al., 2008; Matthews & Matthews, 2004; Morgan & 

Sanz, 2007). However, the majority of studies have focused on Bornean orangutans (Pongo 

pygmeus), and within Borneo the subspecies P. pygmaeus pygmaeus of Sarawak and 

northwest Kalimantan, and P. p. wurmbii of central, south, and west Kalimantan remain 

much less studied than the P. p. morio of Sabah and east Kalimantan (Table 1). 

Unfortunately, virtually all studies have only examined orangutans’ responses in terms of 

their densities following logging (c.f. Goossens et al., 2005; Rao & Van Schaik, 1997). Only 

few studies have investigated the impact of logging on food resources of orangutans (Table 

1), but orangutan quotidian behavior after logging has not been assessed, probably due to 

the large research effort and long research time-frame required to gather such data. 

Consequently, at present we have a reasonable understanding of logging in terms of its 

effect on orangutan density, thus how populations react quantitatively to logging, but little 

understanding of how the individuals react to logging. 

In order to increase our understanding of the effects of logging on orangutans, we 

aim to provide data on the least-studied component of the effect of logging on orangutans - 

the behavioral responses of orangutans towards logging – by comparing areas of logged and 

primary forest in the Ketambe area in Aceh (Sumatra, Indonesia). We present vegetation 

data in order to describe the type and intensity of logging in the region, and present and 

compare data on activity budgets (feeding, moving or resting), diet composition (time spent 

feeding on items such as fruit, leaves and bark), height of activity and type of locomotion 

(e.g. quadrupedal walk) of single orangutan individuals either when in the logged or in the 

primary forest. We specifically ask whether (1) logging effects are apparent on forest 

structure, (2) logging affected orangutan food resources, (3) orangutans change their 

behavior between logged and pristine forest, (4) orangutans use different foraging 

strategies between logged and pristine forest, and (5) orangutans move around differently 

in logged and pristine forest. Finally, we discuss the extent to which these results can be 

generalized to other areas where Sumatran and Bornean orangutans occur, and we provide 

recommendations for conservation research and management guidelines for reduced-

impact logging.  
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Methods 

 

Study area 

This study was conducted in the Ketambe research area (3o 41’ N, 97o 39’ E) in the Gunung 

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

area is covered by pristine rainforest at elevations of 350 to 1000 m asl (Rijksen, 1978; van 

Schaik & Mirmanto, 1985; Wich et al., 1999). However, nearly one fifth (83.1 ha) of the 

research area (450 ha) has been subjected to selective logging from November 1999 to 

August 2002 (Figure 1). Intensity of logging (number of tree stumps and percentage of trees 

logged per hectare) remained unknown until this study. Selective logging targeted 

commercial tree species (e.g. Dipterocarpaceae), which were logged and roughly processed 

using chainsaws and transported out of the forest by water buffalo. 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). 

 
Table 1 

S = species; Pp = Pongo pygmaeus; Pa = Pongo abelii; w = Pongo pygmaeus wurmbii; m = 

Pongo pygmaeus morio; p = Pongo pygmaeus pygmaeus. I = Island; B = Borneo, S = Sumatra. 

O = Occurrence of hunting. R = References; 1 (Husson et al., 2009); 2 (Russon et al., 2009); 3 

(Ancrenaz et al., 2004a); 4 (Ancrenaz et al., 2010); 5 (Davies, 1986); 6 (Goossens et al., 

2005); 7 (Goossens et al., 2006); 8 (Marshall et al., 2006); 9 (Marshall et al., 2007); 10 

(Meijaard et al., 2010a); 11 (Payne, 1987); 12 (Morrogh-Bernard et al., 2003); 13 (Felton et 

al., 2003); 14 (Russon et al., 2001); 15 (Campbell-Smith et al., 2011a); 16 (Knop et al., 2004); 

17 (Rao & Van Schaik, 1997); 18 (Rijksen, 1978); 19 this study. Only articles presenting 

actual data about orangutans were considered and therefore the article of Wilson & Wilson 

(1975) is not included. 
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Figure 1. The Ketambe Research area surrounded by the Ketambe and Alas river. The dark 

grey area has been subject to selective logging from November 1999 until August 2002. 

 

Habitat  

 To measure the impact of logging on forest structure, we identified plant species and 

quantified their height (m), size [i.e. diameter at breast height (DBH) at 1.40 m above 

ground in cm] and canopy cover in 10 randomly chosen forest plots (25 x 25 m) that were 

logged between November 1999 and August 2002. These plots were compared with 10 

randomly chosen plots (25 x 25 m) in the primary forest. The map of the study area was 

divided in grids per area (logged and primary) and the grids were selected with a random 

number generator. The selected grids were used to establish the plots. All plots were 

established and investigated by MH, AL and assistants in July and August 2010, thus 8 years 

after the selective logging of 1999 - 2002 in the area ceased. Logging intensity was 

quantified based on the number of tree stumps resulting from chainsaw cuts throughout 

the plots in the logged forest. Within each of the 20 plots, tree DBH was measured if ≥ 10 

cm, and fig and liana DBH if ≥ 3cm. A fig often consists of multiple stems and the stems were 

therefore first measured separately and then tallied up. Trees and figs at the periphery of a 
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plot were only measured if at least 50% of their main trunk fell within the plot. Lianas were 

only included if they originated in the plot. Tree, fig and liana heights were accurately 

measured (± 1 m) with a range finder (Bushnell Yardage Pro Sport 450). All species were 

identified to species; a local name was given in the event that the scientific name was not 

known. Plants and tree stumps were identified by local field assistants following the plant 

taxonomy field documentation of the Ketambe area (Rijksen 1978; SA Wich, unpublished 

data).  

 We determined canopy cover as “the proportion of the forest floor covered by the 

vertical projection of the tree crowns” (Jennings et al., 1999). To measure canopy cover 

within a forest plot, 100 measurement points (i.e. 100 photographs, approximately 1.50m 

above the forest floor) were taken by randomly walking in the plot with a digital camera 

(Lumix DMC-TZ5, 10x optical zoom) with the lens directed upwards. All sample points were 

collected irrespective of the difficulty to access their location (e.g. high steepness, dense 

undergrowth). From each photograph, only the center pixel was examined to assess 

whether it represented a dark spot (point covered by vegetation) or a bright spot (clear sky 

or clouds), and this was considered to be one measurement.  

In order to assess the impact of logging on orangutans, we developed a measure, 

Absolute Dietary Value, considering that diet is the basis of a species’ survival. This measure 

relates the dietary choices of orangutans to the number of food plant species present in a 

particular area, and their respective potential crop size. Absolute Dietary Value (ADV) 

calculated per plot is expressed as: ADV = ∑ (MPTFa x DBHa) + (MPTFb x DBHb) + […] + 

(MPTFz x DBHz), where a,b,…,z = focal plant, MPTF = mean proportion of time feeding on 

the focal plant species, and DBH = diameter at breast height of the focal plant. For example, 

plot 1 consists of four trees where orangutans feed on, one Aglaia odoratissima tree and 

three trees of the same Elattostachys species. The former species is fed on by the Ketambe 

orangutan population for 2.3%, the latter for 1.2% of their feeding time. In plot 1, the A. 

odoratissima is 41 cm DBH and the Elattostachys trees are 10, 12 and 35 cm DBH. This 

results in ADV = ∑(2.3*41) + (1.2*10) + (1.2*12) + (1.2*35) = 162.7. DBH is used as proxy for 

crop size of a particular tree, because it has been shown to be a consistently accurate and 

reliable index of the potential crop size in the tropics compared to other methods such as 

crown volume estimation (Chapman et al., 1992; Felton et al., 2003; Peters et al., 1988). 

Mean proportion of time feeding was calculated per plant species, based on behavioral data 
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collected from 2003 to 2008 (see below) of all individual orangutans that we followed. The 

ADV per plot was calculated separately for trees, figs and lianas. 

 

Behavior 

 Behavioral data were collected using standardized field methods based upon the San 

Anselmo standardization (2003; van Schaik, 1999). Individual orangutans were followed 

from dawn to dusk (i.e. from night nest to night nest) with behavioral (e.g. feeding, moving, 

type of locomotion) and ecological variables (e.g. tree species) being recorded at 2-min 

intervals using focal animal sampling (Martin & Bateson, 1993). Individuals were found 

opportunistically and thereafter followed for a maximum of 10 days per month to ensure 

data variability and reduce over-habituation. Behavioral data were collected from August 

2003 till December 2008 by field assistants, students and other researchers. Standardized 

behavioral data collection was checked between researchers, students and assistants (2003-

2008) and inter-observer reliability showed high correspondence between all groups 

(>93%). A minimum follow length of ≥ 3 h was used, as was previously suggested to 

represent a suitable standard for orangutan studies (Morrogh-Bernard et al., 2002). Data 

were computed per year, using the proportion method to calculate the mean proportion 

per individual during a full year (Harrison et al., 2009). During the period 2003-2008, 

orangutan activities did not show annual changes (ME Hardus, unpublished data), and thus 

all years were combined for the purpose of subsequent analyses to increase follow hours 

per individual. We solely used adult parous females for this study, as they are most often 

accompanied by offspring and are thought to be the most and first ones affected by 

disturbances (e.g. food scarcity, logging) in their habitat (Felton et al., 2003; Knott, 1998).  

 This study is based on nine adult females that ranged in both the logged and 

primary forest. We collected data on activity budget, dietary composition, height of activity 

and type of locomotion. Activity budget is defined as time an orangutan spent feeding, 

moving and resting, and was based on a total of 8,567 follow hours. Dietary composition is 

expressed as time feeding on fruit, figs, bark, leaves and insects and was based on 5,475 

feeding hours. Height of activity is defined as the height in the vegetation at which 

orangutans were moving, feeding and resting and was based on 7,785 follow hours. For this 

study, five locomotion types were distinguished, namely brachiating, climbing, descending, 

quadrupedal walk and treesway (Mackinnon, 1974; Rijksen, 1978; Sugardjito & van Hooff, 

1986; Thorpe & Crompton, 2005). Brachiating is a bimanual suspended locomotion, and 
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treesway is swaying a tree using the weight of the body until the animal can reach another 

tree. Quadrupedal walk is used on horizontal areas (branches or ground) involving all limbs. 

Climbing and descending involves also all limbs, however it is used on vertical supports. 

Locomotion data were based on 1,019 follow hours. Follow hours between activity budget 

and height of activity differ due to less data of the latter (e.g. as a result of poor visibility in 

order to measure the height).  
 

Statistical analyses 
Principal component analysis was used for the 14 forest plot variables (see variables in 

Figure 2), and correspondence analysis (CA) was used for the behavioral variables, 

conducted using the program PAST, version 2.08 (Hammer et al., 2001). Other statistical 

analyses were conducted using the program IBM SPSS 19 (2010, SPSS, Inc.). All tests were 

two-tailed. Some data did not meet the assumptions for parametric testing (i.e. normal 

distributions and homogeneous variances between groups), and thus were analyzed with 

non-parametric tests. For all plot variables and for the variable Absolute Dietary Value, we 

calculated mean values per plot to compare data between the logged and primary forest 

plots. For the behavioral data, mean proportion of time spent per activity per year per 

individual was used as one datum point. For dietary composition and type of locomotion, a 

CA was performed to select variables contributing most to the variance of the axes. To test 

for differences between the primary and logged forest for these selected variables and 

those of height of activity and activity budget, Wilcoxon paired and paired t-tests were 
conducted, depending on normality of data. An adjusted Bonferroni correction for multiple 

comparisons was also carried out, ranking the p-values in descending order. For the highest 

p-value, the critical p-value becomes (alpha/n), where n is the number of outcomes being 

tested; for the second highest p-value, the critical p-value will be (alpha/n-1) and so on. 

Spearman’s Rho correlation tests were used to examine correlations between feeding, 

moving and resting in the primary and logged forest. 
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Figure 2. Ordination diagram showing the sample scores (black dots = logged forest; inverse 

triangles = primary forest) and the loadings in a biplot from a PCA correlation matrix of the 

logged and primary forest data. The first PCA axis explained 28.2% and the second axis 

16.9% of the variation observed. HTree = Height trees; Tree#DBHS = number of trees with 

small DBH (10-19.9 cm); Tree#DBHM = number of trees with medium DBH (20-29.9 cm); 

Tree#DBHL = number of trees with large DBH (≥30 cm); #LianaS/FigS = number of small 

lianas (3.9.9 cm DBH) /small figs (3-19.9 cm DBH); #LianaL/FigL = number of large lianas (≥10 

cm DBH)/ large figs (≥40 cm DBH); #FigM = number of medium figs (20-39.9 cm); DBH 

liana/tree/fig = DBH liana/tree/fig in cm; Oufood trees = proportion of orangutan food 

trees; CCclosed = proportion of points where the canopy cover is closed. 
 

Results 

 

Habitat 

In total, 18 stumps (mean diameter at the base 88.8 cm, range = 32-250, SD = 48.9) were 

found within the vegetation plots in the logged area (Figure 1), which translates into an 

intensity of logging of approximately 28 logs per hectare. Relative to the putative density of 

trees found in this area before logging (deduced from the present tree density in the 



 

 
 CHAPTER 2 - 28 

primary forest), logging intensity corresponds to at least 6.4% of trees with ≥ 10 cm DBH 

harvested in the selectively logged area. Considering logging intensity per tree size class, the 

following values were found: 0% (10-19.9 cm DBH), 1.3% (20-49.9 cm DBH), and 39.5% (≥ 50 

cm DBH). In the entire research area (Figure 1), eight tree species were logged (see 

Appendix 1), mainly Dipterocarpaceae trees, such as Parashorea lucida, Shorea sp. 1, and 

Shorea sp. 2. The first two of these species are occasional orangutan food trees. The most 

abundant plant families differed between the logged and the primary forest, with higher 

numbers of pioneer species (Euphorbiaceae: mainly Macaranga sp., Pimelodendron sp. and 

Baccaureae sp.; Rubiaceae: Plectronia sp.) in the logged than in the pristine area. 

To explore the differences between logged and primary forest, a PCA was 

conducted for all 14 variables, consisting of all forest measurement variables (height, size, 

canopy cover, etc.) of the 20 forest plots (Figure 2; Table 2). Results of the PCA show 

eigenvalues of 3.95 and 2.37 and explained 28.2% and 16.9% of the observed variation for 

the two axes, respectively (Figure 2). The loadings indicate how each plot variable 

contributed to the variation of each axis and thus to the ordination of the sample scores. 

The loadings of the variables for axis 1 and 2 with the variables contributing most to the 

variance are shown in Table 2. The PCA ordination diagram shows differences between the 

logged and the primary forest (Figure 2) and the scores of the first axis show significant 

differences between the logged and primary forest (t-test: t = 3.206, df = 18, p = 0.005), 

with the size and height of trees and the amount of large lianas contributing most to the 

variance of the axes (Table 2). 
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Table 2. Forest variables (means ± standard deviation) and number of plants per tree, fig 

and liana category in the primary and logged forest. Additionally, canopy cover (closed) and 

orangutan food trees in proportions are given. The last two columns present the loadings 

for each variable. Loadings in bold indicate variables that contribute most to the variance of 

the axis. 

 Variables 
Primary 
forest 

Logged 
forest PCA axis 1 PCA axis 2 

Trees Height 16.9±1.9 14.1±2.4      0.803  
 

-0.157 

 DBH 32.08±5.2 24.05±3.8 0.866 0.144 

 # 10-19.9 DBH 150 185 -0.725 0.028 

 # 20-29.9 DBH 46 52 -0.290 0.199 

 # ≥ 30 DBH 77 62 0.434 0.069 

 # total 273 299   

Figs DBH 85±170.1 9.73±11.9 0.559 -0.435 

 # 3-19.9 DBH 3 4 0.012 0.420 

 # 20-39.9 DBH 1 3 -0.549 -0.104 

 # >40 DBH 4 0 0.571 -0.120 

 # total 8 7   

Lianas DBH 6.33±0.1 5.25±1.5 0.471 0.683 

 # 3-9.9 DBH 86 83 -0.657 0.145 

 # >10 DBH 17 6 0.316 0.809 

 # total 103 89   

      

 Canopy cover  0.96±0.02 0.96±0.02 -0.233 0.484 

 Orangutan food trees  0.80±0.1 0.78±0.1 0.099 -0.716 

      
 

Forest Absolute Dietary Value 

The Absolute Dietary Value (ADV) of trees in the logged forest [median (25-75 percentiles): 

194 (151-257)] shows a lower value than in the primary forest [median (25-75 percentiles): 

281 (233-301)], however, the difference is not significant (MWU test: z = -1.814, p = 0.07). 

For figs and lianas in the logged forest, a lower value [median (25-75 percentiles): figs: 0 (0-

12); lianas: 5 (1-17)] than in the primary forest is observed as well [median (25-75 

percentiles): figs: 60 (0-251); lianas: 57 (10-64)] with significant differences for both plant 

types (MWU test: figs: z = -2.200, p = 0.028; lianas: z = -3.332, p = 0.001). This indicates that 
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for both fig and liana-derived resources (e.g. fruit and leaves) the primary forest was more 

important for orangutan diet than the logged forest. 

 

Behavior 

Activity budgets 

Time feeding was not significantly different between the primary and logged forest (paired 

samples t-test: t = 1.469, df = 32, p = 0.152). Time resting (paired samples t- test: t = -1.984, 

df = 32, p = 0.047) was nearly significant after Bonferroni adjustment (significance level = p ≤ 

0.025) for multiple tests. Time moving (paired sample t-test: t = -5.134, df = 32, p < 0.001) 

differed significantly between the logged and the primary forest. Thus orangutans spent 

more time moving and seemed to somewhat decrease their resting time in the logged 

forest (Table 3). 

In the primary forest, feeding and resting (Spearman’s rho correlation = -0.769, df = 

34, p < 0.001) and feeding and moving (rho = -0.343, df = 34, p = 0.044) were negatively 

correlated. Resting and moving were not correlated (rho = -0.19, df = 33, p = 0.914). In the 

logged forest, feeding and resting (rho = -0.744, df = 31, p < 0.001) and resting and moving 

(rho = -0.394, df = 29, p = 0.031) were negatively correlated. Feeding and moving were not 

correlated (rho = -0.045, df = 29, p = 0.812). Thus, correlations in the primary forest differ 

from those in the logged forest. 

 

Dietary composition 

A Correspondence Analysis (CA) was carried out to find variables that mostly contributed to 

the variation of the two axes (Table 3). With these variables statistical tests were carried out 

between the logged and primary forest. Results of the CA showed eigenvalues of 0.38 

(40.0% of total) and 0.30 (30.9% of total) for the first and the second axis. The variables time 

feeding on bark, fig and fruit were used for further statistical tests, because these 

contributed most to the variation of the axes.  

Time feeding on bark was not significantly different in the logged forest compared 

to the primary forest (Wilcoxon paired rank test: z = -1.466, p = 0.143). Time feeding on fruit 

was nearly significant between the logged and the primary forest (paired samples t-test: t = 

-1.999, df = 30, p = 0.055). Time feeding on figs was significantly different between areas 

(Wilcoxon paired rank test: z = -4.022, df = 30, p < 0.001), with orangutans spending less 

time feeding on figs in the logged forest (Table 3).  
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Height of activity 

The overall time orangutans spent at the two height classes (0-20 m and >20 m) were 

significantly different between the logged and the primary forest (paired sample t-tests: 0-

20 m: t= 3.596, df = 67, p ≤ 0.001; >20 m: t = -3.576, df = 67, p ≤ 0.001). Thus, when 

orangutans were in the logged forest, they spent more time at the lower levels (0-20 m) and 

less time at heights between 20 and 40 m (Table 3) than in the primary forest. 

 

Type of locomotion 

Results of the CA showed eigenvalues of 0.21 (45.6% of total) and 0.12 (26.1% of total) for 

the first two axes. Accordingly, the variables quadrupedal walk, brachiating and descending 

were used for further statistical test, because these variables contributed most to the 

variation of the axes. Quadrupedal walk was significantly different in the logged forest 

compared to the primary forest after an adjusted Bonferroni test for multiple comparisons 

(Wilcoxon paired rank test: z = -2.843, p = 0.004). Brachiating and descending were not 

significantly different between the logged and the primary forest areas (Wilcoxon paired 

rank test: brachiating: z = -0.285, p = 0.776; descending: z = -0.373, p = 0.709). Hence, with 

respect to locomotion, the only difference that we found between the logged and the 

primary forest was in quadrupedal walk, with orangutans using less quadrupedal walk in the 

logged area than in the primary forest (Table 3). 
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Table 3. Behavioral variables (mean proportion ± standard deviation) in primary and logged 

forest at Ketambe. The last two columns present the loadings for the variables of the dietary 

composition and type of locomotion. Loadings in bold indicate the variables contributing 

most to the variance of the axis and were used for further testing.  
Variables Primary 

forest 

Logged forest CA Axis 1 CA Axis 2 

Activity  budget Feeding 0.62±0.10 0.58±0.13 

Moving 0.16±0.06 0.22±0.07 

Resting 0.20±0.07 0.18±0.14 

Height of activity Height 0-20m 0.46±0.17 0.59±0.21 

Height >20m 0.54±0.17 0.41±0.21 

Dietary comp.  Feeding fruit 0.27±0.20 0.39±0.26 -0.3359 0.5895 

Feeding figs 0.39±0.22 0.20±0.18 0.0432 -0.6044 

Feeding leaves 0.13±0.07 0.16±0.22 0.0322 -0.4309 

Feeding bark 0.03±0.03 0.06±0.18 2.6588 0.6760 

Feeding insects 0.10±0.06 0.11±0.09 -0.2153 0.1548 

Locomotion Brachiating 0.32±0.17 0.32±0.19 -0.3689 0.3819 

Climbing 0.12±0.07 0.15±0.13 0.1957 0.0281 

Descending 0.12±0.07 0.13±0.13 0.2257 -0.4697 

Quadrupedal walk 0.15±0.07 0.08±0.09 1.1056 0.2899 

Treesway 0.29±0.12 0.32±0.17 -0.1951 -0.3421 

 

Discussion    

 

Forest structure differences between primary and logged forest 

Eight years after the selective logging of 1999-2002 ceased inside the research area of 

Ketambe, significant differences between logged and primary forest were still observed in 

forest structure. The observed major difference in forest structure from this study, namely a 

decrease in number of large plant species, was consistent with previous studies (Felton et 

al., 2003; Rao & Van Schaik, 1997). Canopy gap differences, however, were no longer 

noticeable between logged and unlogged forest, most likely because of the 



 

 
 CHAPTER 2 - 33 

sprouting/growth of plants in the logged forest since logging. This is consistent with a 

previous study of the Ketambe area, in which it was shown that the majority of canopy gaps 

in primary forest (from natural causes) disappeared after 3-4 years (van Schaik & Mirmanto, 

1985). These results differ from three other studies, however one was measured 1.5-2 years 

after logging (Felton et al., 2003) and the other was conducted in a heavily logged area 

(>80% of original forest destroyed; Ancrenaz et al., 2004a). Differences in methods 

(counting the number of gaps per kilometer vs. 100 measurement points per plot) may 

explain the lack of correspondence with the results of a third study (Knop et al., 2004). Thus, 

even though we found a logging intensity of 28 logs/ha, which classifies as intense logging 

(Sist et al., 1998), canopy gaps did not differ between primary and logged forest after 8 

years since logging ceased at Ketambe. This finding indicates that it is likely that arboreal 

species, are not much impacted anymore by canopy gaps. 

The logged forest contained a significantly lower ADV for figs and lianas, mostly due 

to the lack of large figs and large lianas, thus orangutans had a lower availability of these 

important food sources. This reduced presence of large figs and large lianas in the logged 

forest is rather an indirect than a direct effect of logging, as only timber species of 

commercial value (mainly Dipterocarpaceae; see Appendix 1) were harvested, which are not 

seen as important orangutan food plants. As figs and lianas are often attached to large 

dipterocarps they may be felled simultaneously with the timber trees (Johns & Skorupa, 

1987). Accordingly, the impact of logging on orangutan food resources at Ketambe was 

mostly due to secondary damage. Moreover, figs are considered fallback foods (Marshall & 

Wrangham, 2007; Marshall et al., 2009b; Wich et al., 2006), and fallback foods are 

suggested to determine the carrying capacity of orangutan populations (Morrogh-Bernard 

et al., 2009; Rijksen, 1978), that is, orangutan densities increase with higher quality and 

quantity of fallback foods. A high abundance of figs has been hypothesized to explain the 

densities of orangutans in Ketambe and surrounding areas and fig density is positively 

correlated to orangutan density in Sumatra’s dryland forests overall (Marshall et al., 2009a; 

van Schaik et al., 2001; Wich et al., 2004a). The orangutan densities in Ketambe and 

surrounding areas are the highest in orangutan distribution, only second after the peat 

swamps of the Sumatran northwest coast. Thus, if an orangutan population depends on figs 

as an important fallback food, as is the case for Ketambe, logging large dipterocarp trees 

(host trees for figs; Harrison et al., 2003), will have a more severe effect than expected, 
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specifically during the periods of low fruit production (which occur regularly between mast 

years in Southeast Asia) when fallback foods comprise most of orangutans’ diet. 

 At the same time, the mean ADV of trees in the logged forest was lower than in 

the primary forest, but this difference was not significant, probably because pioneer species 

with dietary value for orangutans, such as Macaranga sp., Pimelodendron sp. and 

Baccaureae sp. (Rubiaceae trees are not important orangutan food sources in Ketambe), 

substituted to a certain extent the trees removed and damaged by logging. Moreover, 

species such as Garcinia spp. and Litsea spp. will bear more fruit after logging and thus, may 

at least partly compensate for the loss of orangutan food (Marshall et al., 2009a).  

We are aware that any natural differences in (micro)habitat between the logged 

(before it was actually logged) and primary forest in this study, might have contributed to 

the differences between primary and logged forests. However, before the occurrence of 

logging (before 1999), phenology plots were set in the area, which later were illegally 

logged, and these plots were not different in tree density than the phenology plots in the 

(still) primary forest (SA Wich, unpublished data). Furthermore, the logging intensity 

reported here for the Ketambe area is high, particularly so in relation to large sized trees 

(i.e. 39.5%  for trees with >50 cm DBH). The removal of such a high number of large trees 

most likely affects local forest characteristics much more heavily than natural differences 

that may have remained between the areas after the occurrence of logging. Therefore, we 

are confident that our results are a strong indicator of the effect of logging on the Ketambe 

forest.  

Although this study was conducted in a relatively small area in Sumatra, it provides 

a useful illustration of the expected impact of logging on forest structure and orangutan 

food resources in other protected areas within the orangutan distribution that are affected 

by illegal logging of dipterocarps in their periphery. 

 

 

Behavioral responses of orangutans towards logging 

The forest plots were only made in 2010, but since there were no orangutan behavioral 

differences between years, we assume that this does not pose restrictions in the 

interpretation of the behavioral data taken between 2003 and 2008. If anything, this only 

makes our results more conservative, because differences in forest structure between 

primary and logged forest were probably more pronounced during the period 2003-2008. 
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Our results show that orangutan feeding time in the logged forest remained similar 

to that in the primary forest, but time spent moving increased and time spent resting 

seemed to decrease. These results are in accordance with the only other study about the 

behavioral effects of logging on orangutans (Rao & Van Schaik, 1997; although this study 

involved only one adult male and one adult female). Increase in moving time seems to 

indicate that orangutan food sources were likely to be more scattered in the logged area. 

Since time spent feeding remained the same, but, together with moving time, was 

negatively correlated to resting time in the logged area, resting time consequently 

decreased. A reduction in resting time could also be an effect of orangutans spending more 

time at lower height in the forest and therefore being more exposed to predators (i.e. 

clouded leopards and tigers, which are known to hunt orangutans in the Ketambe area; 

Rijksen, 1978). Tentatively, the absence of large trees, figs and lianas could also offer fewer 

suitable resting sites. Altogether, increase of moving time and decrease of resting time 

could potentially force orangutans to spend more energy on their daily activities when in 

the logged area. Johnson and colleagues (2005) question if the strategy observed during 

food scarcity (i.e. increase their resting time and decrease moving and feeding time; Knott, 

1998; Morrogh-Bernard et al., 2009) is the same as after (selective) logging. However, this 

study indicates that strategies in logged forests are distinct from that used during food 

scarcity.  

We also show that at Ketambe, orangutan diet composition as measured through 

time spent feeding on different types of food (fruit, leaves, bark and insects) is not 

significantly different between the logged and the primary forest (with the exception of figs, 

because there are no large figs in the logged area remaining). Nevertheless, time spent 

feeding on fruit in the logged forest shows a negative trend, likely due to the reduced 

presence of large lianas. Orangutans were also found at a lower height in the logged forest 

than in the primary forest; this is most likely explained by the decrease in height of the trees 

in the logged forest. Moreover, the only significant difference found in locomotion type was 

quadrupedal walk, with less quadrupedal walk in the logged forest. This decrease of 

quadrupedal walk could be explained by decrease of the number of large figs in the logged 

forest, which is in accordance with the study by Thorpe and Crompton (2009), who found 

that quadrupedal walk was positively associated with feeding on large figs. 

Logging affects population dynamics by reducing or shifting great ape densities 

within areas targeted by logging (e.g. Husson et al., 2009; Rijksen & Meijaard, 1999). Here, 
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we demonstrate that logging also impacts the daily activities of Sumatran orangutans that 

remain in logged forests. Logging lowers orangutan fallback and liana-derived food 

resources and simultaneously leads to orangutans behaving in a seemingly more energy 

costly way, with less resting and more moving. The combination of a lower energy input  

with a higher energy output will translate into a negative energy balance. Ketone analyses 

(from urine samples; e.g. Knott, 1998; Wich et al., 2006) or c-peptide analyses (Deschner et 

al., 2008; Emery Thompson & Knott, 2008) can potentially verify this possibility in the future 

and whether such circumstances could lead to negative effects on orangutans’ energy 

balance. The presence of a connection with primary forest probably buffered the impact of 

the high logging intensity by providing important food resources no longer available in the 

logged forest. Future studies using ranging data to follow orangutan (seasonal) movements 

are needed to study this.  

Although Sumatran orangutans are known to differ in several aspects from 

Bornean orangutans (Morrogh-Bernard et al., 2009; Taylor, 2009; Taylor & van Schaik, 2007; 

van Noordwijk & van Schaik, 2005; Wich et al., 2004b), in behavioral terms, they differ 

mostly in their feeding behavior; for instance, Bornean orangutans have a broader diet 

range (Russon et al., 2009). As a result of such differences caution is needed when 

attempting to generalize the effects of logging between the two islands. On the one hand, 

one would expect that because overall diet composition of Sumatran orangutans was not 

significantly affected by logging (with the exception of figs), it is likely that Bornean 

orangutans experiencing similar degrees of logging intensity would also show no significant 

change. In addition, because orangutan food sources decreased at Ketambe and Bornean 

orangutans already seem to have adapted to long periods of low fruit availability (van Schaik 

et al., 2009a), it is also unlikely that they would  be significantly affected by this degree of 

logging. On the other hand, because fruit availability on Borneo is already lower than 

Sumatra (Marshall et al., 2009a; Wich et al., 2011b) a further reduction due to heavy logging 

such as occurred in Ketambe could affect Bornean orangutans even more. The work by 

Husson et al. (2009) indicates that Bornean orangutans do not see a significant drop in 

density after low intensity logging, but do so under heavy logging. Since the logging in 

Ketambe is at the higher end of the intensity range one would expect a drop in density on 

Sumatra and Borneo under this logging intensity if it were to occur over a large area. Thus a 

comparison between Sumatran and Bornean orangutans’ responses to logging is likely 

complex and needs more work on both islands. 
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Recommendations for conservation research 

The impact of logging on orangutan densities has been studied since the early seventies, but 

as different studies have had different foci, results are not easily comparable. Orangutan 

conservation research will greatly benefit from studies that provide detailed qualitative and 

quantitative data on logging activities and side effects, including (1) number and percentage 

of trees logged per unit of area, (2) duration of and time elapsed since logging occurred, (3) 

whether timber was harvested by hand or mechanically, (4) description of the area before 

logging (primary or secondary forest) and after logging (presence of forest fragments and/or 

connections to primary forest), (5) legality of logging and (6) occurrence of hunting 

(Marshall et al., 2009a; Meijaard et al., 2011a; Wich et al., in press). While indirect methods, 

such as nest counting, provide valuable data on orangutan density, a full understanding of 

the response of orangutans to logging also requires direct behavioral observations (c.f. 

Lonsdorf, 2007; Robbins et al., 2011). Although the impact of logging on P. morio has been 

studied in several studies (e.g. Ancrenaz et al., 2010; Marshall et al., 2006), basic 

information on the relation between logging and orangutan densities for the subspecies P. 

p. pygmaeus remains virtually unknown and for P. p. wurmbii the data are too scant to get a 

full understanding of their response to logging. Thus, future studies are still needed. 

Altogether, such a research will increase comparability between studies, indicate which 

logged areas are most relevant for orangutan survival or were populations’ survival may be 

most jeopardized, thus, setting conservation priorities. At the same time, such conservation 

research data can be used to provide further guidelines for reduced-impact logging for 

orangutans (for Bornean orangutans see: Ancrenaz et al., 2010; for African apes see: 

Morgan & Sanz, 2007) .  

 

Guidelines for reduced-impact logging 

Guidelines for reduced-impact logging are available for Sumatra and Borneo (Meijaard et 

al., 2005; Sist et al., 1998), with some particularly aimed at reducing impact on orangutans 

(Ancrenaz et al., 2010; OCSP, 2010). We suggests three additional recommendations for 

specifically reducing the impact of logging on orangutan food resources. Our results indicate 

that orangutan food resources are significantly affected through secondary damage. 

Liberation thinning (i.e. removal of climbers) should be minimized and commercial trees 

with figs and/or large climbers should not be felled. In particular, the removal of fallback 
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foods could decrease overall forest carrying capacity for orangutans. At the same time, 

when weeding non-dipterocarps, pioneer species should be spared that represent 

important orangutan food resources and that replace orangutan food trees damaged during 

felling. Macaranga sp., Pimelodendron sp. and Baccaureae sp. are examples of such pioneer 

species. However, because replacement by pioneer species is not complete (following the 

negative trend that we observed in tree ADV in the logged forest) dipterocarp felling should 

be planned as to minimize damage on neighboring orangutan food trees, specially large 

trees and/or highly preferred orangutan food trees.   
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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.  
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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).  

 
 

 



 

  CHAPTER 3 - 47 

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 



 

  CHAPTER 3 - 49 

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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Sumatran Orangutans (Pongo abelii) 
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S. Suci Utami Atmoko, Han de Vries, Serge A. Wich 

 

Abstract 

Meat-eating is an important aspect of human evolution, but how meat became a substantial 

component of the human diet is still poorly understood. Meat eating in our closest relatives, 

the great apes, may provide insight into the emergence of this trait, but most existing data 

are for chimpanzees. We report 3 rare cases of meat-eating of slow lorises, Nycticebus 

coucang, by 1 Sumatran orangutan mother–infant dyad in Ketambe, Indonesia, to examine 

how orangutans find slow lorises and share meat. We combine these 3 cases with 2 

previous ones to test the hypothesis that slow loris captures by orangutans are seasonal and 

dependent on fruit availability. We also provide the first (to our knowledge) quantitative 

data and high-definition video recordings of meat chewing rates by great apes, which we 

use to estimate the minimum time necessary for a female Australopithecus africanus to 

reach its daily energy requirements when feeding partially on raw meat. Captures seemed 

to be opportunistic but orangutans may have used olfactory cues to detect the prey. The 

mother often rejected meat sharing requests and only the infant initiated meat sharing. 

Slow loris captures occurred only during low ripe fruit availability, suggesting that meat may 

represent a filler fallback food for orangutans. Orangutans ate meat more than twice as 

slowly as chimpanzees (Pan troglodytes), suggesting that group living may function as a 
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meat intake accelerator in hominoids. Using orangutan data as a model, time spent chewing 

per day would not require an excessive amount of time for our social ancestors 

(australopithecines and hominids), as long as meat represented no more than a quarter of 

their diet. 

 

Introduction 

It is generally assumed that in early humans, a calorie-rich, meat-based diet became 

available through an evolving kit of hunting tools and/or techniques (Richards, 2002). 

However, Wrangham and colleagues suggest, that the shift to a meat-based diet in the 

human lineage may have been impossible without the knowledge of cooking (Wrangham & 

Carmody, 2010; Wrangham & Conklin-Brittain, 2003; Wrangham, 2009). Using chimpanzees 

as a model, Wrangham and Conklin-Brittain (2003) calculated that an early hominin with 

daily energy requirements of maximum 2487 kcal per day (Aiello & Key, 2002) would have 

had to spend 50% of a 12-hour day chewing raw meat. This is a significant period for 

chewing per day, since individuals must engage in other activities, and Wrangham and 

Conklin-Brittain (2003) used these results to support the hypothesis that early humans must 

have had a technique to tenderize meat, that is, cooking, for meat to become an important 

part of their diet.  

At present, humans consume an average of 40kg of meat per capita per year, with 

several countries reaching more than 100kg of meat per capita per year (FAOSTAT, 2011). 

Indeed, humans may rely entirely on meat in certain times of the year (e.g. Iglulik Central 

Eskimos in winter; Sinclair, 1953). Vertebrate meat-eating is also practiced by a number of 

non-human primates such as capuchins (Cebus sp.; Rose, 1997) and baboons (Papio anubis; 

Strum, 1983), in which males typically capture the prey (Rose, 1997; Stanford, 1999; Strum, 

1983; Uehara, 1997; Wrangham & van Zinnicq Bergmann Riss, 1990). In great apes, meat-

eating occurs in chimpanzees (Pan troglodytes; e.g. Boesch & Boesch, 1989), bonobos (Pan 

paniscus; Hohmann & Fruth, 2008) and Sumatran orangutans (Pongo abelii; Utami & Van 

Hooff, 1997). However, in contrast to humans, the diets of great apes are primarily 

composed of fruits and other plant foods. Currently, evidence concerning the social and 

ecological conditions favoring meat-eating in great apes is scant, with the exception of data 

for chimpanzees (e.g. Gilby & Wrangham, 2007; Gilby et al., 2006; Gilby et al., 2010; Mitani 

& Watts, 2005; Watts & Mitani, 2002). For chimpanzees, researchers have proposed 5 

hypotheses: the fallback food hypothesis (nutrient shortfall hypothesis), meat-for-sex 
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hypothesis, the nutrient surplus hypothesis, male social bonding hypothesis and increased 

visibility hypothesis. There is no evidence to support the fallback food hypothesis, under 

which meat-eating is predicted to occur during periods of food scarcity (Gilby et al., 2006). 

Hunting frequency was highest during dry season (Stanford et al., 1994b), but it was unclear 

if food scarcity caused this trend (Gilby et al., 2006). Equally, there is no evidence for the 

meat-for-sex hypothesis, whereby meat is exchanged for matings (Gilby, 2006; Gilby et al., 

2006; Gilby et al., 2010). However, there is some evidence in favor of the nutrient surplus 

hypothesis, wherein hunts are more frequent when energy reserves are high (e.g. Gilby et 

al., 2006). At least 3 studies have shown that chimpanzees hunt more when ripe fruit is 

abundant (Gilby & Wrangham, 2007; Gilby et al., 2006; Mitani & Watts, 2005). At Gombe 

(Gilby et al., 2006) and Ngogo (Mitani & Watts, 2005) this pattern is the result of increased 

group size when fruit is abundant, supporting the male bonding hypothesis (Hosaka et al., 

2001; Mitani & Watts, 2001; Stanford et al., 1994a), whereas at Kanyawara, the positive 

effect of fruit abundance on hunting probability remains even after group size is controlled 

(Gilby & Wrangham, 2007). Another ecological factor that has been found to influence 

meat-eating in chimpanzees is increased visibility. Chimpanzees hunt more in woodland and 

semi-deciduous forest compared to evergreen forest (Gilby et al., 2006), and in areas where 

canopy is broken and/or with secondary growth (Watts & Mitani, 2002).  

Researchers have observed several cases of meat-eating in wild Sumatran 

orangutans, although not in Bornean orangutans (Pongo pygmeus; Russon et al., 2009). 

However, meat-eating is rare at the Sumatran orangutan sites where this behavior has been 

observed despite numerous observation hours (van Schaik et al., 2003). The available data 

suggest that unlike other primate species, orangutans do not show a male bias in meat-

eating (van Schaik et al., 2009b). However, a male bias may also be absent in chimpanzees 

for more opportunistic prey, such as bushbabies (species not reported; Pruetz & Bertolani, 

2007) and bushbuck fawns (Tragelaphus scriptus; I.C. Gilby, pers. comm.). Slow loris hunting 

has previously been observed in 2 adult female orangutans in the Ketambe population 

(Utami & Van Hooff, 1997), and in 3 individuals (2 adult females and 1 flanged male) at Suaq 

Balimbing (van Schaik et al., 2009b). These studies reported a total of 9 cases of orangutans 

eating slow lorises (Utami & Van Hooff, 1997; van Schaik et al., 2009b). A further case of an 

orangutan eating a gibbon (Sugardjito & Nurhuda, 1981) is also likely to have in fact 

involved a slow loris (Rijksen & Meijaard, 1999). Recently, we observed 3 new cases of 

meat-eating and recorded details of the meat-eating from prey discovery until the end of 
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prey consumption, including, to our knowledge, the first video recording of the behavior 

(http://www.springerlink.com/content/l0735364k211482x/supplementals/). We present 

these data, complemented with those of previous orangutan meat-eating observations 

where relevant data are available, and use these data to examine how orangutans find slow 

lorises and share meat. We also examine when and why orangutans eat meat in light of the 

hypotheses proposed to explain meat-eating in chimpanzees.  

The hypothesis of increased visibility is not applicable to orangutans because they 

inhabit tropical rainforest with continuous dense canopy throughout dry and wet seasons. 

However, seasonal variations in high quality foods may elicit meat hunting. Because 

previous cases were not reported during mast years (Utami & Van Hooff, 1997), they may 

suggest that the seasonal shortage of food elicits a need for fallback foods in the form of 

meat (Boesch & Boesch-Achermann, 2000; Mitani & Watts, 2005; Rose, 1997, 2001; 

Stanford, 1996; Teleki, 1973). Accordingly, we test whether meat-eating is negatively 

correlated with fruit availability.  

Finally, we calculate meat chewing rates, and grams and calories consumed per 

hour for orangutans and use these to estimate the minimum time necessary for a female 

Australopithecus africanus to reach its daily energy requirements when feeding partially on 

raw meat. Orangutans have more robust jaws than early humans and are more similar in 

their dentition to australopithecines than to Homo erectus (Grine & Kay, 1988). Some 

australopithecines are suggested to have relied on fruits and their fallback food may have 

been harder, tougher (or granular) than fruit (Teaford et al., 2002). As this is also the case 

for orangutans in comparison with chimpanzees (Vogel et al., 2008), whose dentition is 

more similar to that of Homo erectus (Wood, 1995), orangutans are a useful model in this 

context.  
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Figure 1. Slow loris capture locations in the research area of Ketambe, including cases 

described by Utami and van Hooff (1997). Illustrations by A. R. Lameira. 

 

Methods 

We conducted this study at the Ketambe Research Station, Gunung Leuser National Park, 

Leuser Ecosytem, Sumatra, Indonesia (3°41’ N, 97°39’ E) between November 2006 and 

October 2008. The Ketambe research area consists mainly of primary rainforest (Rijksen, 

1978; van Schaik & Mirmanto, 1985) and selectively logged forest. All 3 recent cases 

involved 1 adult female orangutan (Yet) and her dependent female offspring (Yeni, born in 

2001) and occurred in February and December 2007 and in April 2008 (Table 1). We refer to 

Yeni as an infant because she was not yet fully weaned at the age of 6-7 years (van 

Noordwijk & van Schaik, 2005; Wich et al., 2004b). She was the only individual 

accompanying her mother during the observed cases of slow loris hunting.  

M.E.Hardus, A.Zulfa, and experienced local field assistants observed these new 

cases during focal follow days (i.e. observations on an orangutan individual, whenever 

possible from morning nest until evening nest). We collected standardized observational 

data during each follow day (van Schaik, 1999; www.aim.unizh.ch/orangutannetwork.html), 

comprising feeding time, food species and items, feeding technique and social interactions 

between mother-infant and other orangutans. In addition, we drew orangutans’ travel path 

on GPS-constructed maps of the research area, noting the location of each feeding bout. 

M.E.Hardus collected meat chewing rates during the slow loris case of December 2007, and 
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insects and leaves chewing rates between April 2007 and January 2008 via video recordings 

using a Sony HDV 1080i camera with a Manfrotto monopod.  

We define food sharing as a transfer of a food item from one individual to another 

(Feistner & McGrew, 1989). We define active sharing as the mother giving food to her 

begging infant instead of allowing it to take the food (passively tolerant), and active 

resistance as the mother not letting go of a food item, taking the food out of her infant’s 

hand, and/or turning her back towards her infant (de Waal, 1989; Jaeggi et al., 2008).  

Experienced assistants recorded fruit availability data monthly from phenology 

plots (for details see van Schaik, 1986; Wich & van Schaik, 2000). During 1993-4 data on fruit 

availability was standardized by computing z-scores due to differences in methods and 

observers (Wich & van Schaik, 2000). During 2006-8 we calculated fruit availability as the 

percentage of trees carrying fruits or ripe fruits. We treated these 2 observation periods 

separately because of these differences.  

We developed a Monte Carlo test procedure, written in R version 2.13.0 (R 

Development Core Team, 2011), to test the null hypothesis that slow loris eating occurred 

independently of fruit availability (or ripe fruit availability). We explain this method here 

using the data set collected in the period November 2006 – September 2008. In this period 

researchers observed the orangutan mother and infant for 916 follow hours, during which 3 

cases of slow loris eating occurred. First, we constructed a frequency histogram showing the 

distribution of number of follow hours for the different observed fruit availabilities (Figure 

2a). Next, we randomly drew 3 observations of fruit availability according to this frequency 

distribution, and calculated the mean of these three randomly chosen fruit availabilities. We 

repeated this random drawing of sets of 3 observed fruit availabilities 10000 times, yielding 

a null frequency distribution of average fruit availabilities (Figure 2b). Next, we calculated 

the observed average percentage of fruit availability at the time of slow loris eating (2.38 + 

2.13 + 5.14)/5 =3.22, and compared this against the null distribution.  

We calculated the left tailed significance level (Pl) of the observed mean value of 

3.22 under the null hypothesis that the slow loris eating occurred independently of the fruit 

availability in the following way. For each of the 10,000 Monte Carlo replications, we 

compared the observed value 3.22 to the random value. If the random value was “less than 

or equal to” (i.e. LTEQ) the observed value 3.22, we increased a LTEQ counter by 1. We then 

calculated Pl as (LTEQ+1)/(10,000+1). (The +1 in the numerator and denominator is to 
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ensure that Pl is greater than 0.) Because we only look at the left-tailed probability we set 

the critical probability level at 0.025.  

We used the same Monte Carlo test procedure to test whether slow loris meat-

eating occurred independently of the availability of ripe fruit. We used data from January 

1993 – December 1994 (Period A; Figure 3a), in which we observed 2 cases of slow loris 

eating; and for November 2006 – September 2008 (Period B; Figure 3b), in which we 

observed 3 cases of slow loris eating. For period A we calculated the random mean values 

from 2 randomly drawn observed fruit availabilities, while for period B we based these 

random mean values on 3 randomly drawn observed fruit availabilities (as explained above). 

Unfortunately, observers did not record the number of follow hours from June 1991 – 

December 1992, so we could not use data collected during this period although 1 case of 

slow loris eating was observed in February 1992. 

Finally, we performed a Monte Carlo test in which we combined period A and B. 

Because researchers used different methods for assessing fruit availability in the two 

periods, we could not combine the data for the 5 cases of slow loris eating that occurred 

during this whole period. Instead, we performed the Monte Carlo test for both periods 

simultaneously and calculated a combined left tailed significance level (Pl) in the following 

way: For each of the 10,000 Monte Carlo replications, we compared the observed value of 

8.00 in period A to the random value for period A and simultaneously compared the 

observed value of 3.22 in period B to the random value for period B. If the random value in 

period A was less than or equal to the observed value 8.00 and the random value in period 

B was also less than or equal to the observed value of 3.22, we increased a LTEQAB counter 

by 1. Pl was then equal to (LTEQAB+1)/(10,000+1). For instance, if Pl = 0.01, then the chance 

of observing a mean fruit availability of 8.00 or less in period A and also observing a mean 

fruit availability of 3.22 or less in period B, under the null hypothesis that these 2 and 3 fruit 

availabilities are randomly distributed, was 1%. 
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Table 1. Slow loris captures by Sumatran orangutans at Ketambe research station 

# Year Month Data available Reference 

1 1989-91 - location Utami & van Hooff (1997) 

2 1989-91 - location Utami & van Hooff (1997) 

3 1989-91 - location Utami & van Hooff (1997) 

4 1992 Feb. location, food availability Utami & van Hooff (1997) 

5 1993 Apr. location, food availability Utami & van Hooff (1997) 

6 1994 Feb. location, food availability Utami & van Hooff (1997) 

7 2007 Feb. location, food availability, duration, 

feeding rate, meat sharing 

 

this study 

8 2007 Dec. 

 

location, food availability, duration, 

feeding rate, meat sharing, chewing 

rates 

 

this study 

9 2008 Apr. location, food availability, duration, 

feeding rate  

this study 

 

 

Figure 2a (left). Frequency histogram showing the distribution of number of follow hours of 

Yet for the various observed fruit availabilities in 2006-2008. Figure 2b (right). Frequency 
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histogram showing the null distribution of mean values of fruit availability for 10000 sets of 

3 randomly drawn fruit availabilities based on the distribution shown in Figure 2a.  
 
Results  

 

Behavioral data 

All 9 observed cases of slow loris-eating at Ketambe occurred at different locations (Figure 

1). In the 3 recent cases of slow loris eating by adult female Yet and her female infant Yeni 

(Table 1), Yet seems to have diverted her travel path along her day route (ca. 40 m) to the 

location where the capture eventually took place, returning to the prior route after 

consumption (Figure 1). In each case, Yet turned abruptly (ca. 45°, Figure 1) towards the 

capture location about 5 min (i.e. 40m) before capture. After consumption of the loris she 

turned back sharply (i.e. ca. 90°, Figure 1), and made another 45° turn to continue her 

previous direction. There was no social event (i.e. the beginning or end of a party or a long 

call from a flanged male from a distance) at any of the three change-points in her route (i.e. 

prior to capture, after consumption, and continuation of her prior direction).  

Capture started when the orangutan slapped the slow loris, which fell out of the 

tree, and finished on the ground when the orangutan caught the slow loris and killed it by 

biting the skull. The consumption process comprised the steps described by Utami and van 

Hooff (1997), that is, the female consumed the head, then the genitals, organs, limbs and 

other parts of the slow loris, however, in all 3 recent cases, the female ate the limbs 

immediately after the head. Data on total consumption time were available for the three 

recent cases of meat-eating (Tables 1 and 2). 

Although meat sharing took place between the mother and infant, it occurred only 

when the mother was passively tolerant. Active giving by the mother did not occur. During 

the first recent case (February 2007), the infant made no attempt to eat the slow loris 

during the first 12 minutes after capture. Food sharing then occurred 11 times, including 

mouth-to-mouth feeding 3 times. Active resistance to food sharing by the mother occurred 

3 times but only after 70 minutes of consumption. During the second case the infant made 

no attempt to eat from the slow loris during the first 20 minutes. During this case, hand-to-

hand meat sharing occurred 34 times, mouth-to-mouth or mouth-to-hand occurred 5 times, 

and all 39 occurrences of food-sharing were initiated by the infant. Active resistance from 

the mother occurred 12 times during the first two hours of eating. No data on meat sharing 
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are available for the third case (Table 1), but the infant ate part of the slow loris some 

minutes after her mother started to eat.  

  During the second case the mother had a mean bout duration (sec) of 27.1±SD 

17.4, and a mean number of chews/bout of 24.5±SD 15.6 (Nbout=22, Nchews=538), the infant 

had a mean bout duration (sec) of 16.3±SD 16 and a mean number of chews/bout of 

18.5±SD 13.4: (Nbout=6, Nchews=98,). The mean chewing rate throughout consumption of the 

mother was 0.95±SD 0.25 chews/sec, with a maximum of 1.17 chews/sec, while that of the 

infant was 0.84±SD 0.29 chews/sec, with a maximum of 1.09 chews/sec. Chewing rate 

decreased with time for both the mother (Spearman’s Rho: r= -0.625, N = 22, p = 0.002) and 

the infant (Spearman’s Rho: r= -0.899, N = 6, p = 0.015). We were not able to determine the 

exact body parts being eaten at each moment and therefore it was difficult to assess how 

body part affected the chewing rates. The mean chewing rate for meat was lower than 

mean chewing rates for insects (1.32±SD 0.19 chews/sec, Nbout=10) and mature leaves 

(1.17±SD 0.02 chews/sec, Nbout=8) by the same mother (Kruskall Wallis: χ2 = 20.108, df = 2, p 

< 0.001; followed by a multiple comparisons post-hoc test: p < 0.001 between meat and 

insects, and meat and leaves).  

After consumption of the carcass only a few pieces of bare skin remained, 

suggesting that the orangutans consumed all of their prey. The mother ate for 244 at 0.95 

chew/sec, while the infant ate for 46 min at 0.84 chew/sec (i.e. the mother ate 1.13 times 

faster than her infant), meaning that they ate 85.7% and 14.3% of the total slow loris, 

respectively. Because all three cases concern the same type of meat eaten by the same 

individuals under the same social conditions (i.e. without any other individuals present), we 

assume that the chewing rates of the first and third case were similar to those of the second 

case. Using the mean chewing rate for the second case, the mother ate 63.3% and the 

infant ate 36.7% of the slow loris during the first case, and the mother ate 44.7% and the 

infant 55.3% during the third case. We assumed via visual assessment of the video 

recordings that the orangutan ate an adult male slow loris, which has a mass of 737 g 

(Nekaris & Bearder, 2007). Thus, across the three cases, this represents a maximum mean 

feeding rate of 160.9 g/h for an entire adult male slow loris by the adult orangutan and 

142.4g/h by the infant (Table 2). If we assume that a slow loris has the same nutritional 

content as a squirrel, rabbit or red colobus monkey, 115kcal/100g (USDA Food Composition 

Database; Wrangham & Conklin-Brittain, 2003), then the adult female orangutan ingested 

185 kcal/h and the infant ingested 163.8 kcal/h. 
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Table 2. Feeding time and rates on slow lorises by the focal mother and infant during the 

three recent cases. 

Year Month Time (min) 

mother 

Time (min) 

infant 

Total time  Feeding rate 

mother (g/h) 

Feeding rate 

infant (g/h) 

2007 February 174 114 174 160.9 142.4 

2007 December 244 46 244 155.3 137.5 

2008 April 140 196 196 141.2 124.8 

Time (min) mother and time (min) infant = the time the adult orangutan female and her 

infant ate for. Total time=total observation time from moment of capture until end of 

consumption, during which mother and infant ate the slow loris either alone or together. 

 
Ecological data 

Five slow loris captures occurred in February and April and 1 in December (no dates were 

available for 3 cases; Table 1). The graphical representation of slow loris captures against 

(ripe) fruit availability (Figure 3a,b) suggests that orangutans may be eating slow lorises 

particularly during periods of low (ripe) fruit availability.  

For Period A the observed mean fruit availability at the time of slow loris eating is 

(10.2% + 5.8%)/5 = 8.00%. The Pl of observing <8.00 is 0.14. The observed mean ripe fruit 

availability at the time of slow loris eating is (1.9 + 3.6)/2 =2.75 (Pl = 0.08). For Period B, the 

observed mean fruit availability at the time of slow loris eating is (2.38 + 2.13 + 5.14)/3 

=3.22% (Pl = 0.11) (Figure 2). The observed mean ripe fruit availability at the time of slow 

loris eating is (1.34 + 1.60 + 1.95)/3 =1.63% (Pl = 0.23). Combining the two periods, the Pl of 

observing a mean fruit availability of <8.00 in period A and <3.22 in period B is 0.016. The Pl 

of observing a mean ripe fruit availability of <2.75 in period A and <1.63 in period B is 0.017. 

These results show that slow loris eating by orangutans occurred significantly more often in 

periods of low fruit availability and low ripe fruit availability.  
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Discussion 

Meat-eating in orangutans is a rare event, which makes it difficult to examine. Owing to the 

small sample size in this study, any generalizations should be treated with caution.   

 

How do orangutans find slow lorises? 

All known cases of slow loris capture and eating at Ketambe, including the 3 most recent 

observations, occurred at locations scattered through the area (Figure 1). Hence, encounter 

and predation of slow lorises by orangutans most likely occurred opportunistically, because 

the events were not related to any particular locations (Utami & Van Hooff, 1997). This is 

also often the case in other instances of predation by primates (see review in Stanford, 

1998). Nevertheless, the 3 recent cases indicate that the adult female diverted her travel 

path to the location where the capture took place, returning to the previous route after 

consumption. Identifying potential travel goals is a major exercise in itself (Byrne et al., 

2009). However, we tentatively interpret the orangutan’s deviation in her travel route in 

biological terms, suggesting that she had the goal of capturing a slow loris, for 3 reasons. 

First, if the turn was not the effect of a decision-making process, we would expect either 

straight-line or random travel. However, Yet turned abruptly (±45°, Figure 1) towards the 

capture location about 5 min (i.e. 40m) before the actual capture, suggesting that she did 

not anticipate a remembered site and travelled towards it in a straight line, nor was she 

traveling randomly and unexpectedly encountered a slow loris in her path. Moreover, Yet 

turned sharply back to her previous route after consumption, supporting the view that 

there was a meaningful cause for her previous deviation. Second, no social events coincided 

with the change points in her route. Third, the pattern in her travel route is consistent 

across the 3 recent cases (Figure 1) and does not coincide with the approach to other 

important food sources at Ketambe, such as fig trees (Wich, Hardus and Lameira pers. obs.). 

New methods (e.g. change-point test, Byrne et al., 2009) for objectively determining an 

animal’s travel path could be used to elucidate this matter in the future (e.g. Asensio et al., 

2011).  

Slow lorises are solitary nocturnal strepsirrhines, meaning that they are difficult to 

locate for a diurnal primate, such as orangutans (Bearder, 1987). Slow lorises live in the 

main canopy, prefer the forest edge (Johns, 1986) and sleep in sites like tree holes and 

crevices (Choudhury, 1992). If we accept that the orangutan changed her course towards 

the capture location purposely, then, although it is possible that the orangutan observed 
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the slow loris from a distance, she may also have been able to identify a potential sleeping 

location or micro-habitat (e.g. trees with particularly dense epiphytes). Alternatively, the 

orangutan could have used olfactory cues to find a slow loris. Lorises use olfactory 

communication (Charles-Dominique, 1977; Nekaris & Bearder, 2007) and a trained observer 

can smell a loris up to 50m away (Alterman (1995), thus, plausibly, slow loris olfactory 

communication may have also been intercepted by the orangutan. Future experiments 

should test this hypothesis.  

   

Meat sharing 

Similar to most primate species (Brown et al., 2004), meat sharing in orangutans occurred 

only between mother and infant, although in chimpanzees and bonobos it has also been 

observed between wild adult males and females (Rose, 1997; Stanford, 1999). No other 

adult orangutans were in the vicinity of our observed cases, so it remains to be determined 

whether the lack of meat sharing between adult orangutans is simply a consequence of 

semi-solitary living. Our results show that the infant initiated all meat sharing. This is similar 

to transfers of other foods between mother and infant orangutans (Jaeggi et al., 2008) and 

with food transfers in other mother-infant primates (Nishida & Turner, 1996; Rapaport & 

Ruiz-Miranda, 2002; Ueno & Matsuzawa, 2004). 

 

When and why does an orangutan eat meat? 

Because orangutans did not travel in parties while capturing a slow loris and did not share 

their meat with unrelated individuals, the ‘meat for sex’ hypothesis (Mitani & Watts, 2005; 

Stanford et al., 1994a; Teleki, 1973) and the male social bonding hypothesis (Mitani & 

Watts, 2001, 2005; Mitani et al., 2002; Takahata et al., 1984), are not applicable. However, 

we found that slow loris eating by an orangutan occurs significantly more often in periods of 

low fruit and low ripe fruit availability. Thus, the orangutan preyed on slow lorises during 

periods of food scarcity. We were unable to include data for the 1 case of slow loris eating 

in February 1992 in this test. However, this case occurred during a month with extremely 

low fruit availability and low ripe fruit availability, meaning that it is very likely that if 

including these data would strengthen our conclusion that slow loris eating occurs 

particularly in periods of low (ripe) fruit availability.  

Several ecological factors and prey characteristics may affect seasonality of meat-

eating in primates. Because orangutans and slow lorises both feed on fruits (slow lorises are 
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only slightly less frugivorous than orangutans; Nekaris & Bearder, 2007), encounters 

followed by capture of lorises should increase in frequency when both species are attracted 

to common resources (Stanford, 1998). However, this is unlikely since orangutans are 

diurnal primates, whereas slow lorises are nocturnal and their sleeping sites are far from the 

nearest feeding site (K.A.I. Nekaris, pers. comm.).  

Captures are also expected during the prey’s birth period (Boesch & Boesch-

Achermann, 2000; Fedigan, 1990; Mitani & Watts, 2005; Rose, 1997, 2001; Takahata et al., 

1984). However, orangutans have never been observed to eat young lorisines, making this 

explanation for the timing of slow loris capture improbable. Orangutans may simply capture 

slow lorises during food scarcity because they spend more time travelling in search of food, 

and thus, are more likely to encounter a slow loris by chance. This, however, is unlikely, 

since orangutans reduce travel and feeding time and increase resting time during food 

scarcity (Knott, 1998; Wartmann et al., 2010). Moreover, other differences in range may not 

be sufficient to explain the occurrence of slow loris hunting, because males have wider 

ranges than females (Singleton & van Schaik, 2001) but slow loris hunting is not biased 

towards males (van Schaik et al., 2009b), and because not all females of the same 

population, which experience the same periods of food scarcity, show this behavior.   

Human observers are often oblivious to the presence of slow lorises in the forest 

and to the best of our knowledge they have not been observed during orangutan follows 

except when one is actually hunted by an orangutan. It is therefore difficult to provide a 

measure of encounter rate of slow lorises and to test whether orangutans target slow 

lorises during food scarcity. However, this may be assessed indirectly by examining an 

alternative hypothesis: that orangutans encounter slow lorises while foraging for dispersed 

food, such as insects, during food scarcity (van Schaik et al., 2009b). According to this 

hypothesis, time spent feeding on insects should be negatively correlated with fruit 

availability. However, we found no correlation between fruit availability and time spent 

feeding on insects by the female orangutan (Pearson correlation for 2007-2008: N = 11, r = -

0.481, p = 0.134). Moreover, during the 2 periods (1991-1994 and 2007-2008), the 

maximum time spent feeding on insects recorded for this female was 25.8% (June 1993), 

but slow loris captures occurred when the female spent 12.9% (April 1993), 16.8% (February 

2007), 16.7% (December 2007) and 7.4% (April 2008) of her time feeding on insects, 

indicating that this activity did not necessarily lead to more slow loris encounters. Further, 

when plotting time spent feeding on insects per month for all females living in the Ketambe 
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area, this particular female (Yet) did not seem to be an outlier compared to other adult 

females (Figure 4). 

Evidence of orangutan meat-eating supports the fallback food hypothesis, contrary 

to findings for chimpanzees (Gilby & Wrangham, 2008; Gilby et al., 2006; but see Pusey et 

al., 2005; Stanford et al., 1994a). Marshall and Wrangham (2007) classify 2 fallback foods: 

staple and filler fallback foods. Staple fallback food serves as the sole food supply when 

preferred food is scarce and thus is an abundant food that is available year round. Filler 

fallback foods are rare and usually of high quality (Constantino & Wright, 2009; Marshall & 

Wrangham, 2007; Marshall et al., 2009b). Meat can be considered to be a filler fallback 

high-quality, energy-rich food for Sumatran orangutans, because the availability of 

preferred fruits is low when meat is eaten (Kaplan et al., 2000; Knott, 2005; Marshall & 

Wrangham, 2007; Marshall et al., 2009b; Milton, 1999). Although slow loris densities may 

be highly variable (Wiens & Zitzmann, 2003), they are nevertheless considerably less dense 

than other food sources usually considered as orangutan staple fallback foods (e.g. bark, 

leaves, figs), and they probably exist in densities more similar to those of other filler fallback 

foods, such as honey.  

The saliva of the slow loris is toxic and is used in defense against predators 

(Alterman, 1995). Thus, orangutans should avoid such a risk when their dietary intake can 

be derived from available risk-free resources (e.g. ripe fruit). This risk might also explain why 

wild orangutans slap their slow loris prey out of the tree, to knock the prey unconscious and 

avoid being bitten, before descending rapidly to the ground to capture and kill the loris with 

a bite to the head. An unsuccessful attempt at capture on the ground (after slapping) at 

Suaq Balimbing, Sumatra (A. Permana, pers. comm.), suggests that orangutans may risk 

losing such a valuable prey to avoid being bitten.  

Slow loris hunting likely represents a cultural behavior (van Schaik et al., 2003; Van 

Schaik et al., 2006) and this may explain why some individuals seem to be specialist slow 

loris hunters, but other individuals of the same population living in the same area do not 

show the behavior. Yet, whose capture rate is some thirty times higher than anyone else’s 

(van Schaik et al., 2009b), is the most dominant female in Ketambe, a status that may not 

favor social transmission of the behavior in semi-solitary orangutans. Future studies should 

focus on the family lineages of individuals showing the behavior, to address this question.   
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Figure 4. Time spent feeding on insects per month for six adult females in the Ketambe area 

during 2007 and 2008. 

 

Chewing and feeding rates, and evolutionary aspects of meat-eating  

The chewing rate of meat-eating in an adult orangutan was lower than when compared with 

insect and leaf chewing rates. This may be explained by the generally low fat percentage 

and collagen richness of wild tropical mammal meat, which makes it tough to chew (Lucas & 

Peters, 2000). Unpublished data for other cases of meat-eating by orangutans at Suaq 

Balimbing also show that individuals chew meat for several hours (C. P. van Schaik, pers. 

comm.).   

Orangutans used more than twice the amount of time (160.9g/h) to eat the same 

amount of meat as the chimpanzee data used to support the cooking hypothesis (348g/h) 

(Wrangham & Conklin-Brittain, 2003; Wrangham, 2009). Other chimpanzee data shows that 

this species is able to consume meat at much higher rates (i.e. 1.9±1.2kg/h; Gilby, 2006). 

This difference between orangutans and chimpanzees may suggest that higher sociality in 

chimpanzees influences intake rates, where individuals are surrounded by conspecifics 

when eating meat, and where meat is a highly preferred food item and stealing occurs 

(Boesch & Boesch, 1989; Goodall, 1986; Stanford, 1999). In chimpanzees, feeding rates on 

meat are slower when there are many other individuals present (Gilby, 2006). Although this 
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seems to contradict the sociality hypothesis within species, the minimum values in these 

cases remains much higher than in orangutans (e.g. more than 500g/h with 10 beggars; 

Gilby, 2006), supporting the hypothesis. 

One of the largest-brained australopithecines (i.e. Australopithecus africanus; 

McHenry, 1982) has an estimated energy requirement of 1202-1507kcal per day (Aiello & 

Key, 2002). According to orangutan data (ingestion rate of 185kcal/h), A. africanus would 

have had to chew for approximately 2h to achieve 25% of these caloric requirements purely 

from meat (Table 3, orangutans x A. africanus), while achieving the remaining 75% of its 

caloric requirements from food sources with faster chewing/intake rates (e.g. leaves or 

insects). This constitutes a considerable period of the day for orangutans, which spend 

approximately 6 hours a day feeding (Morrogh-Bernard et al., 2009), and does not include 

the time necessary for the collection of vertebrate prey.  

In comparison with semi-solitary orangutans, australopithecines are assumed to 

have lived in social groups (e.g. Copeland et al., 2011). Therefore, an individual may not 

have been responsible for procuring all of its own calories, reducing search and hunt time. It 

is also reasonable to assume that biomechanics of the craniodental morphology between 

orangutans and chimpanzees do not sufficiently explain the differences in feeding rates on 

raw meat between both species. Therefore, group living as opposed to (semi-)solitary living 

may have played an important role as an intake accelerator. Higher sociality in 

australopithecines and Homo would have reduced the time needed to chew on meat by 

increasing feeding rates, as observed in chimpanzees (Table 3). Thus, time needed to chew 

on raw meat would not impede a social early human from consuming a 25% meat-based 

diet. These findings differ from the results of Wrangham and Conklin-Brittain (2003) in that 

we use a 25% meat diet in a human ancestor, instead of a 100% meat diet. We set the meat 

diet at 25% because excessive protein consumption is unhealthy for humans, becoming 

toxic or lethal when consumed too much by non-carnivores (Speth, 1987, 1989; Speth & 

Spielmann, 1983), and causing negative effects on babies (e.g. lower birth weights) when 

pregnant females surpass 25% protein in their diet (Speth, 1989, 1990). This implies that the 

cooking hypothesis (Wrangham & Conklin-Brittain, 2003; Wrangham, 2009), as a means to 

reduce time spent chewing on meat, will be further supported only when it is shown that 

meat represented more than a quarter of the total diet of our social ancestors.  
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Table 3. Time chewing on raw meat required to satisfy 25% of an individual’s energy daily 

requirements, compared with feeding rates of orangutans and chimpanzees and daily 

energy requirements of Australopithecus africanus and Homo erectus. 

Daily energy requirements 

Feeding rate 

Australophitecus africanus:  

1507 kcal/daya 

Homo erectus:  

2487 kcal/dayb 

Orangutans: 185 kcal/h 

Chimpanzees: 400 kcal/hb 

2.04h 

0.94h 

3.36h 

1.55hc 

a, Aiello and Key (2002); b, Wrangham and Conklin-Brittain (2003); c, c.f. Wrangham and 

Conklin-Brittain (2003). 
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Why Bornean Orangutans Cope Better with Logging 
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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 



 

  CHAPTER 5 - 74 

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 



 

  CHAPTER 5 - 75 

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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Abstract 

Hundreds of rehabilitant great apes have been released into the wild, and thousands await 

release, but survival rates after release can be as low as 20%. Several factors influence 

individuals’ survival rate, one of which is the capacity to obtain an adequate diet once 

released. Released individuals are faced with a mixture of familiar and novel foods in an 

unfamiliar forest, therefore, it is important to understand how they increase acceptance 

and consumption of novel foods; especially so for omnivorous species, such as wild great 

apes, who consume several hundreds of different foods. We assessed the effects of 

repeated exposures and sociality (i.e. co-feeding in the presence of 1 or more other 

individuals) on the acceptance and consumption of novel foods by captive orangutans 

(Pongo sp). Repeated exposures of food (novel, at first) did not cause an increase of 

acceptance, but increased consumption by orangutans which became gradually more 

familiar with the food, decreasing their explorative behavior. The presence of other 

orangutans resulted in an increased acceptance of the novel food and individuals also ate a 

larger amount of the novel food than when they were alone. Repeated exposures and  
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sociality may benefit rehabilitant great apes in augmenting and diversifying their diet and, 

once practiced before release, may accelerate individuals’ adaptation to their new habitat, 

improving survival chances. Great ape rescue, rehabilitation and reintroduction require 

large financial and logistic investments, however, their effectiveness may be improved at 

low-cost and low-effort through the suggested measures. 

  

Introduction 

All great ape species in the wild are either endangered or critically endangered (IUCN, Red 

list 2010). Preventive conservation measures such as habitat protection, guidelines for 

reduced-impact logging (Hardus et al., 2012b; Morgan & Sanz, 2007; OCSP, 2010) and 

awareness and law enforcement campaigns (Meijaard et al., 2011a; Meijaard et al., 2011b; 

Wrangham & Ross, 2008) are being implemented with varying success rates. An important 

corrective conservation measure is reintroduction. Reintroduction of great apes 

commenced in the 60’s with the vision of restoring the populations of these endangered 

species (Beck et al., 2007). However, survival rates of reintroduced great apes vary between 

20% and 86% and few data exist about the effects of introduction on population growth and 

persistence (Russon, 2009).  

Successfully adjusting to forest life depends on a number of behavioral adaptations 

that are related to diet choices, nesting, locomotion and antipredator responses (Rijksen, 

1978). In omnivore species, such as great apes, a varied and nutritional diet increases the 

chances of survival and constitutes the energetic basis for all other behaviors. Thus, 

knowledge about which food items can be eaten and which should be avoided by 

reintroduced animals is crucial for their survival after release. In golden lion tamarins 

(Leontopithecus rosalia), for example, consumption of toxic fruits and starvation caused the 

death of nearly 20% of the reintroduced animals (Beck et al., 1991). Great apes are known 

to have a diverse diet, each eating several hundreds of species (Rodman, 2002; Russon et 

al., 2009). For instance, at one particular long-term research site (Ketambe, Sumatra), wild 

orangutans (Pongo abelii) have been observed to eat 512 plant items (e.g. fruits, leaves, 

flowers) from a total of 379 plant species (Russon et al., 2009). In a comparison between 

reintroduced orangutans and wild orangutans, the diet of the former may approach that of 

the latter 2 years after resuming forest life (Russon, 2009). An inadequate diet is one of the 

common causes of death for reintroduced orangutans (Russon, 2009). Furthermore, 



 

  CHAPTER 6 - 83 

reintroduced orangutans consumed often unusual food items, ignored some important food 

sources that were consumed by their wild counterparts and maintained a narrow diet, all of 

which may jeopardize long-term survival (Grundmann, 2006; Russon, 2002; Russon, 2009). 

Ignorance of important food sources is likely the result of the lack of social food knowledge 

(learned from their mother and peers) and reintroduced orangutans must rely greatly on 

trial and error to learn about the suitability of novel foods, which, in wild orangutans, is 

suggested to be trivial (Bastian et al., 2010; Jaeggi et al., 2010).  

The degree of acceptance of novel food differs between captive Sumatran and 

Bornean orangutans (Pongo pygmeus; M.E. Hardus, unpublished data), however both 

species are curious towards novel food and usually keen to try novel food items (Gustafsson 

et al., 2011; M.E. Hardus unpublished data), but spend longer periods of time feeding and 

eat smaller amounts of novel food compared to familiar food (M.E. Hardus, unpublished 

data). After release, reintroduced orangutans must increase their acceptance and 

consumption of novel food in an unfamiliar habitat. That is, they must increase their diet 

qualitatively and quantitatively. Given this, to understand how this is achieved could be 

beneficial to reintroduction projects and increase their success rate. 

There are several factors influencing the degree of caution towards novel food (so-

called neophobia) in primates, such as type of food (Visalberghi & Fragaszy, 1995; 

Visalberghi et al., 2002), number of exposures (Birch & Marlin, 1982; Visalberghi et al., 

1998; Wardle et al., 2003), post-ingestion consequences (Matsuzawa & Hasegawa, 1983) 

and social influences (Addessi & Visalberghi, 2006; Cambefort, 1981; Visalberghi et al., 

1998; Yamamoto & Lopes, 2004). In the present study, we test the impact of the number of 

exposures and social influences on the acceptance and consumption of novel food items in 

captive orangutans. We first hypothesize that if orangutans are exposed numerous times to 

the same food (novel, at first instance), they will accept more often and/or consume that 

food item more often than after one or a few exposures. We use novel food acceptance by 

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

orangutan in a wild (forest) setting upon encountering such novel food. We further 

hypothesize that if orangutans are in a group, rather than alone, their acceptance and 

consumption of novel food will increase when other group members are feeding on the 

same food item at close range. Wild orangutans live in dispersed fission-fusion communities 

and they occasionally come together to form (passive and active) foraging parties of several 

individuals that can last for several days (Delgado & Van Schaik, 2000; Mitra Setia et al., 
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2009). Such feeding tolerance may increase the level of acceptance of novel food. The two 

hypotheses were tested in an experimental setting with 21 and 11 captive orangutans, 

respectively. 

 

Methods 

Experiments investigating the effects of repeated exposures and social influences on novel 

food choice were conducted in captive orangutans at three locations; Apenheul Zoo (AZ: the 

Netherlands), Batumbelin Quarantine Center (BQC: Sumatra, Indonesia) and Great Ape 

Trust of Iowa (GATI: US) between January 2009 and February 2010 (Appendix 2). At the 

three locations (BQC, AZ and GATI) some individuals were housed together and thus only 

individuals who could be separated (9, 6 and 6 individuals, respectively) participated. All the 

individuals were tested on a voluntary basis. The experiments complied with current Dutch, 

Indonesian and U.S. laws.  

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 the experiments and the timing of 

the experiments did not interfere with regular feeding hours. Pilot trials were conducted for 

all observers (one person video recording and one person taking behavioral data), 

caretakers (i.e. presenting food items) and orangutans, to familiarize each other with the 

procedure. All 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 order of the 

individuals who participated was pseudo-randomized (i.e. according to the individuals’ 

eagerness to participate in the experiments at each session).  

To be finished with a food item was defined as finished chewing on the item or the 

individual had not finished the item, but did not pay attention to the food item for at least 

30 seconds. Acceptance was considered when an individual simply picked a food item and 

started eating it. Trial with subsequent refusal was considered when an individual picked 

the food item, started eating it, but quickly dropped it before further ingesting any part. 

Refusal was considered when an individual picked a food item and immediately dropped it 

without eating any part, or when an individual did not even pick the food item. Statistical 

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

proportional data were normalized by arcsin transformation (Zar, 1999). 
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Experiment 1: Repeated exposure of novel food  

The effect of repeated exposure on the acceptance of novel food and consumption was 

investigated in 21 orangutans. For eight consecutive days four items of the same food, 

initially novel, were presented to the individuals (Appendix 5). Each item was presented 

separately, and the next item was only presented when the subject consumed or refused 

the previous one. Level of acceptance across time was scored as refusal, trial with 

subsequent refusal or acceptance of the food item. These three mutually exclusive 

categories were, respectively, attributed with the values 1, 2, and 3 and were averaged per 

individual per session. Food items were weighed directly before and after experiments to 

calculate the amount of food eaten by the individual. To quantify exploratory behavior, the 

observer recorded the number of times an individual smelled a food item and the number 

of times an individual looked at the food item in its mouth with a protruding under lip. 

Repeated measures ANOVA was carried out to examine the effect of repeated exposure for 

the four variables, viz. acceptance or refusal and amount of food eaten of the food item, 

number of looks and smells. 

 

Experiment 2: Social influences on novel food acceptance and consumption  

The effect of social influences on the acceptance and consumption of novel food was 

investigated in 11 of the 21 orangutans that were also used in experiment 1. Orangutans at 

BQC could not participate due to their quarantine status. For two days, six novel food items 

(Appendix 5) were presented to the individuals, either alone or in a group (≥2 individuals). 

Food items were put in front of the cage of the orangutans and, when in a group, were 

accessible to all orangutans in that group. The six novel food items were presented 

separately and the next item was only presented when all the subjects consumed or refused 

the previous item. Level of acceptance and amount of food eaten were measured as 

described in experiment 1. Explorative behavior as measured by the number of looks and 

smells, could not be measured. Repeated measures ANOVA was carried out to examine the 

effect of sociality on acceptance and amount of novel food eaten. 
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Results  

 

Experiment 1: Repeated exposures 

After the first day of the experiment the percentage of acceptance of the novel food items 

by the orangutans was 46.7%, the percentage of trial with refusal was 42.4% and the 

percentage of refusal was 10.9%. Repeated food exposure did not have an effect on the 

level of acceptance of food items (Greenhouse-Geisser test: F = 0.760, P = 0.549), that is, 

after eight consecutive days no increase in acceptance rate of the food by the orangutans 

was found. However, repeated food exposure had a significantly positive effect on the 

amount of food eaten (Greenhouse-Geisser test: F = 4.415, P = 0.003) with a significant 

linear contrast (F = 11.163, P = 0.003). Number of looks was significantly different after 

repeated exposures (Greenhouse-Geisser test: F = 10.322,  P = 0.001), showing a negative 

effect over time translated in a significant quadratic contrast (F = 7.342, P = 0.013) and a 

highly significant linear contrast (F = 13.372, P = 0.002). Number of smells was also 

significantly different after repeated exposures (Greenhouse-Geisser test: F = 8.676, P = 

0.002), showing a negative effect over time translated in a significant cubic contrast (F = 

4.531, P = 0.046), a significant quadratic contrast (F = 7.815, P = 0.011) and a highly 

significant linear contrast (F = 14.092, P = 0.001). Altogether, repeated exposures did not 

affect the frequency with which orangutans choose novel foods, but after repeated 

exposures orangutans increased the amount of food intake and became familiar with the 

food, decreasing explorative behavior as measured by number of looks and smells (Figure 

1). 
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Figure 1. Effect of repeated exposures on acceptance, consumption and exploration of novel 

food 

 

Experiment 2: Social influences 

Sociality had a significant effect on the acceptance of the food item (Greenhouse-Geisser 

test: F = 23.170, P < 0.001) with a significant linear contrast (F = 23.170, P < 0.001), and on 

the amount of food eaten (Greenhouse-Geisser test: F = 20.844, P < 0.001) with a significant 

linear contrast (F = 20.844, P < 0.001). Thus, the orangutans accepted the novel food items 

more and ate a larger amount of the novel food when in a group than when they were 

alone (Figure 2).  
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Figure 2a (left). Social influences on novel food consumption: Average amount eaten in 

percentage from 11 individuals when alone or when in a group. Figure 2b (right). Social 

influences on novel food acceptance: Average level of acceptance from 11 individuals when 

alone or when in a group. 

 

Discussion 

Repeated exposures of food items had a positive effect on the consumption of food: captive 

orangutans quantitatively ate more of a food (novel, at first) when exposed more frequently 

to it. At the same time, orangutans became more familiar with the exposed foods, as can be 

concluded from a decrease in explorative behavior. To our knowledge, the effect of 

repeated exposure to novel foods has only been studied in one other non-human primate, 

the capuchin monkey (Cebus apella), with similar results, i.e. increase in consumption and 

decrease in explorative behavior (Visalberghi et al., 1998). Nevertheless, after repeated 

exposures, orangutans did not increase acceptance. Thus, once orangutans refuse a food 

item, it is unlikely they will start accepting it after repeated exposures. On the other hand, if 

orangutans accept a food item and there are no negative effects (e.g. nausea), they will 

tend to gradually increase the amount eaten of that item. 

The findings on the effects of sociality showed that orangutans’ acceptance and 

consumption increased when they were with other conspecifics compared to when they 

were alone. Sociality effects on the increase of acceptance of novel food has also been 

shown in other primates, such as capuchin monkeys (Visalberghi & Fragaszy, 1995), 

baboons (Papio ursinus; Cambefort, 1981) and marmosets (Callithrix jacchus; Voelkl et al., 

2006; Yamamoto & Lopes, 2004), but not in chimpanzees (Pan troglodytes; Addessi & 

Visalberghi, 2006). This result suggests that caution towards novel food is reduced in the 
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presence of peers, who also simultaneously consume that food. Under natural conditions, 

infants learn their diet via transmission of food information from their mothers (Jaeggi et 

al., 2010). After dependency, social feeding occurs occasionally in wild orangutans (Knott, 

1998; Sugardjito et al., 1987; te Boekhorst et al., 1990; Utami et al., 1997), and may 

enhance the acquisition of foraging skills (van Schaik et al. 1999). If mothers are not present, 

as is the case for virtually all reintroduced animals, orangutans will choose other individuals 

as demonstrators (Russon & Galdikas, 1995). Exactly this trend is also seen in reintroduced 

orangutans, in which an increase in foraging efficiency is found as a result of social 

interactions with conspecifics (Riedler et al., 2010). Thus, sociality may be of great 

importance for rehabilitant individuals as social feeding allowed by tolerance will increase 

the acceptance and consumption of novel food, while offering simultaneously opportunities 

for the transmission of relevant food information between peers. Altogether, this may 

represent an additional benefit for reintroduced orangutans and will accelerate their 

adaptation to an unfamiliar forest.  

Increased acceptance of novel food by orangutans leads to their incorporation in 

the diet, which is critical to maintain dietary diversity in omnivore species. Moreover, food 

acceptance will determine the basis of survival by reintroduced orangutans in an unfamiliar 

forest as it will allow individuals to consume food during periods when familiar foods are 

mostly unavailable. Hence, the higher the rate of novel food acceptance is, the longer a 

reintroduced individual may assure its own survival across annual fluctuations in food 

availability, which across orangutan habitat is more or less intense. It is well established 

that, in wild populations, the quality of fallback foods determine the carrying capacity of the 

orangutan population in that habitat (Marshall et al., 2009a; Morrogh-Bernard et al., 2009; 

van Schaik et al., 2001; Wich et al., 2004a). In reintroduced populations, the rate of novel 

food acceptance will, however, impose a reduction in this carrying capacity, as long as 

individuals do not take in important fallback foods, which, may still remain unproven after 

several years on forest living (Russon, 2002; Russon, 2009). Captive training with the specific 

aim of increasing acceptance of important food sources by individuals before their release 

may thus represent a vital aspect of their effective rehabilitation. 

In addition, increased consumption of novel food is subsequently important in the 

process of individuals’ adaptation to an unfamiliar forest.  After novel food acceptance, it is 

likely that individuals will start to consume it more often, however, it is decisive that 

orangutans learn to consume this food in sufficient quantities in relatively short periods (i.e. 



 

  CHAPTER 6 - 90 

within a season), so they may indeed surpass periods of food scarcity with enough food. 

Thus, the combination of these two factors – increase acceptance and consumption – is 

most favorable for rehabilitants to enrich their diet with important novel food sources after 

release. These results are likely applicable to other great apes as these species also rely on a 

wide range of foods.  

 

Recommendations for reintroduction 

Based on the results of this study, we suggest reintroduction programs to present 

rehabilitant orangutans repeatedly with food sources that are important in their future 

release area. Orangutans are suggested to categorize food, and this may help to introduce 

important food sources based on the similarity of an established food category (Russon, 

2002). If a rehabilitant orangutan is not accepting these food sources, we suggest presenting 

the food to the individual in a group (≥2 orangutans). This may reduce their caution towards 

the novel food, but the presence of knowledgeable individuals in the group may also 

facilitate the transmission of food-related information. These measures will likely augment 

and diversify the diet of rehabilitant orangutans and increase their survival probabilities 

after release. From the perspective of conservation effectiveness, this is a relatively small 

effort after the large financial investments required to rescue and maintain individuals in 

quarantine facilities before they can be released (e.g. Rijksen & Meijaard, 1999). These 

recommendations are relevant for all great ape species and possibly to other species with a 

high dietary diversity as well. 
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7 
 

GENERAL DISCUSSION 

 

The overall aim of the research presented in this thesis was to reveal characteristics of the 

orangutan diet in order to better understand their feeding behavior, their diet knowledge 

and method of acquisition, food choice and food preferences. Understanding these aspects 

is essential for the conservation of the species because diet is of course a major component 

of life as it relates to survival, growth, reproduction, social structure, and home range use. 

Such an understanding of diet is becoming even more important because wild orangutans 

are increasingly restricted in their dietary choices as a result of forest fragmentation and 

degradation. In addition, the success of orangutan reintroduction depend to a large extent 

on a proper understanding of how individuals learn and choose novel foods in novel 

situations with or without the presence of conspecifics as potential models. 

One of the main goals of this study was to assess the impact of logging on the 

structure and food resources of a forest inhabited by orangutans and the respective effect 

on feeding behavior (chapter 2). After selective, but intense logging, orangutan food trees 

are mostly affected by secondary damage, especially strangler figs and lianas, with the tree 

species targeted for commercial use constituting food of little importance for orangutans. 

For orangutans, as is the case for several other primate species, figs and lianas may be 

considered as staple fallback foods (Conklin & Wrangham, 1994; Marshall et al., 2009b; 

Moscovice et al., 2007; O'Brien et al., 1998; Takenoshita et al., 2008), which for orangutans 

represent the bulk of their diet during periods of fruit scarcity (excluding figs). Orangutans 

on Borneo have been shown to burn their own fat reserves during periods of scarcity, 

indicating it likely there is a negative impact on survival (Knott 1998). Reducing the 

availability of such staple food sources could therefore reduce survivability during such 

periods of fruit scarcity. Therefore commercial timber trees with climbers attached should 

be selectively spared from felling, to safeguard local orangutan populations, especially in 

areas where orangutans rely heavily on climbers such as strangler figs. Moreover, orangutan 

food is less preferred and becomes scarcer in logged areas and orangutan behavior alters 
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significantly. As orangutans move more and rest less in logged forest, their activity becomes 

energetically more costly.  

Although it has long been known that individuals can converge and form passive 

foraging parties in large fig trees (Marshall et al., 2009b; Mitra Setia et al., 2009; Morrogh-

Bernard et al., 2009; Sugardjito et al., 1987; Utami et al., 1997), the importance of these 

trees becomes even more prominent when examining individual diets (chapter 3). Diets of 

individuals with similar energetic requirements and living in the same area (corrected for 

food availability and overlap between home-ranges) are significantly different at the level of 

the food species, with most having completely distinct and individually unique diets. 

Individuals are not simply eating what is most available in the forest, with instead there 

being preferential selection of certain items. Interestingly, this is the case for all fruit 

species, excluding figs. In the Ketambe site, time spent feeding on figs and fig species eaten 

vary throughout the year, with figs comprising the bulk of what orangutans share the most 

of amongst individual diets.  

This surprising feature of the uniqueness of an individual’s diet is illustrated further 

by the fact that after almost 40 years of orangutan research in Ketambe, observations of 

slow loris meat eating are virtually specific to one adult female and her infant (chapter 4). 

All data available on these rare cases of slow loris capture and consumption by this dyad 

was compiled, and it was found that raw meat represents a filler fallback food that was 

solely eaten during periods of food scarcity. These data also enabled the modeling of meat 

eating behavior by early hominids, which bring new insights into the cooking hypothesis for 

the emergence of the genus Homo. Australopithecines may have consumed up to a quarter 

of their diet based on raw meat, without requiring cooking as a tendering technique. 

Moreover, sociality may have functioned as an intake accelerator of raw meat in hominoids, 

meaning that hominoids in larger social groups eat raw meat more quickly than less social 

species.  

Another main aim of this study was to better our understanding of orangutan 

feeding behavior, which could be used to improve on the reintroduction process, and in 

turn assist the orangutan conservation effort. This research was based on experimental 

work with wild- as well as captive-born orangutans (Sumatran, Bornean, and their 

interspecific hybrids), conducted in three locations: Indonesia, the Netherlands and United 

States of America. Through conducting two-alternative food choice experiments following 

the same protocol in the three facilities, we demonstrate that orangutans are curious 
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towards novel food, but simultaneously more cautious than they are towards familiar food. 

Most strikingly, we identified a significant difference between Bornean and Sumatran 

orangutans in the level of acceptance of novel food, with Sumatran orangutans showing a 

significantly lower level of novel food acceptance. Acceptance is crucial for short- and long-

term survival in a forest, especially in those where structure and composition has been 

affected by logging and other human activities, where picking and sampling novel food may 

be essential to maintain a positive energy balance. As such, these results clarify to some 

extent why Bornean orangutans are said to cope better with logging than their Sumatran 

counterparts. Additionally, these results are also important for reintroduced orangutans, 

which by definition are always released into an unfamiliar habitat with a mixture of familiar 

and novel food items present.  

Apart from novel food acceptance, novel food consumption is another relevant 

factor contributing to an accelerated adaption to a logged and/or unfamiliar forest. As 

fluctuations in food availability are common for orangutans, in order to bridge periods of 

food scarcity, individuals must not only sample but also consume sufficient (novel) food 

portions. As such, to understand the factors that positively influence novel food acceptance 

and consumption could prove beneficial for reintroduction projects, in which individuals are 

released into an unfamiliar forest; individuals that have had limited experiences during their 

life, either due to too short periods in the wild or too constrained conditions in captivity 

(chapter 6). We showed that sociality (≥ 2 co-feeding individuals are present) increases the 

acceptance and consumption of novel food. Moreover, repeated exposures of (novel at 

first) food, increase its consumption (chapter 6). Such experimental work constitutes a new 

approach to great ape conservation, which has proven useful in other taxa, such as birds, 

ferrets and guppies (Griffin et al., 2000; Reznick et al., 2008; Seddon et al., 2007). It shows 

how experimental work can provide concrete guidelines to reintroduction programs and 

conservation efforts to increase their chances for success. Orangutan conservation is a 

global concern, yet populations continue to decrease (van Schaik et al., 2001; Wich et al., 

2008). Therefore, there is a strong need to improve science-based conservation to maximize 

the success of conservation efforts (Meijaard et al., 2012). Because of the fast changing 

forest landscape in the areas in which orangutans occur (i.e. the islands of Sumatra and 

Borneo), there is a need for research that focuses on how wild orangutans cope with such 

changes.  This work sheds new light on this issue, with at the same time, the results of this 

study being important for the growing number of people working on orangutan 
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reintroduction as a conservation tool. There are more than 1,000 orangutans waiting to be 

reintroduced into the wild, in addition to many more individuals of other ape and mammal 

species. Understanding factors that can increase the success of reintroduction efforts is 

crucial, so that the results of this study may be very relevant for reintroduction practitioners 

as well as experimental biologists, field biologists, and general conservationists. Scientific 

studies can provide the knowledge to make the protection of orangutans more successful. 

However, as unchecked deforestation and hunting practices have been and remain the main 

(growing) threat to orangutans, saving them is ultimately under the authority of the 

governments, corporations working in orangutan habitat and the people living in Borneo 

and Sumatra as well (Meijaard et al., 2012).  
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SUMMARY 

 

As a result of the continuing loss of their forest habitat, orangutans are forced to live in 

fragmented and disturbed forests and mostly occur in relatively small populations. 

Consequently, the Sumatran orangutan (Pongo abelii) is listed as critically endangered, and 

the Bornean orangutan (Pongo pygmaeus) is listed as endangered by the IUCN (Red List 

2011). In fact, without direct and committed intervention, such as strict law enforcement on 

plantation development, (illegal) logging and hunting, their habitat may be gone during the 

next few decades. Although a number of large pristine forests have been designated as 

protected areas on both Sumatra and Borneo, logging and illegal clearing for plantation 

development still occurs inside many of these areas. Moreover, large numbers of 

orangutans live outside the protected areas, where conservation regulations are even less 

recognized, to the point of being effectively absent. Several researchers have investigated 

how Bornean orangutans survive in degraded landscapes, and they have found that these 

populations appear to cope better than their Sumatran counterparts, as indicated by there 

being less reduction in density in response to logging. Behavioral data are, however, 

virtually absent for Sumatran orangutans, but are critical for helping the survival of the 

species. 

 One of the main research priorities of this project is thus to determine the impact 

of logging on the remaining pristine forests of Sumatra and on the lives of the orangutans 

(chapter 2). In Ketambe logging has significantly modified forest structure and orangutan 

food resources, specifically important fallback and liana-derived foods. Individual 

orangutans behaved differently when in logged as opposed to primary forest; with their 

having moved more and rested less in the former. With the exception of figs, which were 

virtually absent in the logged area, the proportion of other broad dietary categories (i.e. 

fruit, leaves and bark) in both forest categories remained overall similar. Life after logging 

seems energetically more expensive for orangutans. Based on the results of this study, we 

provide recommendations for conservation research and guidelines for reduced-impact 

logging. 
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As logging significantly affects orangutan food resources, one of the main 

challenges for individuals in these areas is in adequate food acquisition. To comprehensively 

assess the effect of logging on orangutan diet, it is necessary to understand the composition 

of an individual’s diet at the plant species level, diet overlap (overlap in time spent feeding 

on the same species and overlap in species consumed) between individuals and how diets 

vary seasonally (chapter 2). After controlling for food availability and home-range 

differences between individuals with similar energetic requirements (i.e. adult parous 

females), the majority of individual orangutans consumed a diet of distinct species 

throughout the year. Their diets were thus significantly different from each other, with the 

exception of figs, which were the only food species that caused an increased diet overlap 

between individuals when available in the forest, mostly because orangutans may come 

together in large fig trees during periods that these trees provide large crops. 

This study has uncovered that individuals of a population exhibit different diet 

compositions, which indicates that they do not strictly consume what is available in the 

forest, and that each individual actively (i.e non-randomly) finds a specific way to satisfy its 

energetic needs. This is illustrated by the rare cases of hunting and consumption of slow 

loris meat (Nycticebus coucang), observed only in one particular female with infant in the 

population (chapter 4). These captures seemed to be opportunistic but orangutans may 

have used olfactory cues at close range to detect the prey. Slow loris captures occurred only 

during periods of low fruit availability, suggesting that meat may represent a filler fallback 

food for orangutans. Orangutans ate meat more than twice as slowly as chimpanzees (Pan 

troglodytes), suggesting that group living may function as a meat intake accelerator in 

hominoids. Using orangutan data as a model, time spent chewing meat per day would not 

have required an excessive amount of time for our social ancestors (australopithecines and 

hominids), as long as meat represented no more than a quarter of their diet.  

To optimize the capacity of maintaining viable populations in the wild, 

reintroduction of animals back into the wild has become increasingly important for 

conservation. Orangutans are, always released into unfamiliar forests in which knowledge 

about what to eat will be crucial to assure their short- and long-term survival. As such it is 

important to understand the orangutan’s natural predispositions towards novel foods 

compared to those they are familiar with, in other words, what is their acceptance and 

consumption rates of novel foods (chapter 5). In an experimental setting,  orangutans 

(Sumatran, Bornean, and their interspecific hybrids) chose novel food more often, but 
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remained more cautious during feeding than towards familiar foods. Although both 

orangutan species consumed novel food in similar amounts, before consumption, Sumatran 

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

acceptance of novel food in Sumatran orangutans might partly explain why Bornean 

orangutans cope better with logging and the subsequent effects on food availability. 

To increase the chances of success in reintroduction projects, is it thus necessary to 

learn how to stimulate an increase to the degree of novel food acceptance and 

consumption (chapter 6). Repeated exposures in an experimental setting did not lead to an 

increase of acceptance of novel foods, but did increase the amount of food consumed by 

orangutans. Repeated exposures also decreased explorative behavior. The presence of 

other orangutans resulted in increased acceptance of the novel food items as well as an 

increase in the amount of the novel food items consumed compared to when they were 

alone. Repeated exposures and sociality may therefore benefit ex-captive orangutans in 

augmenting and diversifying their diet and, once practiced before being released, may aid 

individuals’ adaptation to a new forest habitat. This will likely improve their chances of 

survival. Therefore, it is recommended that orangutan reintroduction projects increase the 

emphasis on repeated exposure and social feeding on novel food items during the 

rehabilitation stage of the reintroduction process. 
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APPENDICES 

 

Appendix 1 

Logged tree species in the research area of Ketambe. 

Logged tree  Scientific name Family Use 

Entap Parashorea lucida Dipterocarpaceae Houses, furniture 

Meranti merah Shorea sp. 1 Dipterocarpaceae Houses, furniture 

Semaram Shorea sp. 2 Dipterocarpaceae Houses, furniture, windowframes 

Surin Toona sp. Meliaceae Furniture 

Kemenyan Memecylon sp.2 Melastomataceae Incense 

Kayu alim Aquilaria microcarpa Thymelaeaceae Incense 

Medang kusim Microcos loerzingii Tiliaceae Mosquito repellent 

Medang gatal Litsea sp.2 Lauraceae Mosquito repellent 
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Appendix 2 

Details of the 25 test individuals. 

Name Studbook ID Gender Age  Age class Species Birth location Location 

Allie  female 15 II S C GATI 

Katy 2248 female 20 II h C GATI 

Knobi  female 30 III h C GATI 

Popi 1141 female 38 III B C GATI 

Azy 1616 male 31 III h C GATI 

Rocky  male 5 I h C GATI 

Binti 2973 female 9 I B C AZ 

Jose 2516 female 17 II B C AZ 

Radja 842 female 47 III B W AZ 

Sandy  female 27 III B C AZ 

Silvia 833 female 44 III B W AZ 

Amos 2974 male 8 I B C AZ 

Karl 839 male 49 III B W AZ 

Willie 3055 male 7 I B C AZ 

Bolo  female 14 II S W BQC 

Mutia  female 17 II S W BQC 

Pesek  female >25 III S W BQC 

Tila  female 8 I S W BQC 

Abel  male 8 I S W BQC 

Beckham  male 7 I S W BQC 

Bimbim  male 11 II S W BQC 

Nando  male 5 I S W BQC 

Robert  male 5 I S W BQC 

Vewe  male 6 I S W BQC 

Windass  male 5 I S W BQC 

Age class I: 5-9 years, age class II: 10-19 years, age class III: >20 years. Species S: Sumatran 

orangutan, species B: Bornean orangutan, species h: hybrid. Birth place C: captive born, 

birth place W: wild born. Location GATI: Great Ape Trust of Iowa, USA; location AZ: 

Apenheul Zoo, the Netherlands; location BQC: Batumbelin Quarantine Center, Indonesia.  
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Appendix 3 

Paired food items used in experiment 1, chapter 5.  

Familiar items  Novel items Location 

Beet Bamboo shoot GATI 

Chewing gum (bubble yum) Chees (babybell) GATI 

Carrot Butternut Squash GATI 

Cauliflower Brie GATI 

Banana Jackfruit GATI 

Pineapple Chestnut GATI 

Blueberry Ginger nut (pepernoot) GATI 

White grape Pistachio GATI 

Peanut Sweet tamarind GATI 

Brussel sprout Thai egg plant GATI 

Tomato Olive GATI 

Mandarin Lime GATI 

Kiwi Artichoke AZ 

Spinach Basil AZ 

Walnut Date AZ 

Broccoli Indian fig optunia AZ 

Tomato Pitaya AZ 

Banana Tiny pancake (poffertje) AZ 

Sunflower seeds Soya pieces AZ 

Grape Spiced biscuit (speculaas) AZ 

Brussel sprout Yardlong bean AZ 

Corn Cauliflower BQC 

Banana Eggplant BQC 

Sawi Kangkung BQC 

Avocado Kapulaga BQC 

Mandarin Kedondong BQC 

Passionfruit Lemon BQC 

Carrot Lomok putih BQC 

Duku Potato BQC 

Mangistan Plum BQC 
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Pineapple Pomelo BQC 

Salak Sawo BQC 

Papaya Strawberry BQC 
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Appendix 4 

Food items used in experiment 2, chapter 5. 

Familiar items Novel items Location 

Celery Chayote GATI 

Carrot Luffa GATI 

Turnip Enoki mushrooms GATI 

Mango Sesame cake GATI 

Apple Rice in banana leaves GATI 

Orange Jackfruit GATI 

Pecan Chestnut GATI 

Sprout Bread GATI 

Celery Grissini AZ 

Carrot Cake AZ 

Red grape Sundried tomato AZ 

Broccoli Gordita (small wrap) AZ 

Apple Peppermint AZ 

Tomato Peas  AZ 

Brussel sprout Kidney beans AZ 

Pineapple Rye bread AZ 
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Appendix 5  

Experiment 1: repeated exposure of novel food; experiment 2: social influences on novel 

food; GATI = Great Ape Trust of Iowa (US); AZ = Apenheul Zoo (the Netherlands); BQC = 

BatuMbelin Quarantine Center, chapter 6. 

Experiment Location Food items 

1 GATI Tortellini, green 

1 GATI Kidney beans 

1 GATI Date 

1 GATI Basil 

1 AZ Japanese leaf  

1 AZ Mozarella 

1 AZ Olive, black 

1 AZ Tortellini, green 

1 BQC Cheese 

1 BQC Lime 

1 BQC Olive, black 

1 BQC Spinach 

2 AZ Artichoke 

2 AZ Mini spring roll 

2 AZ Bitter melon 

2 AZ Poffertje 

2 AZ Shrimp 

2 AZ Banana blossom 

2 GATI Banana blossom 

2 GATI Bitter melon 

2 GATI Krupuk 

2 GATI Pasta 

2 GATI Rattan shoot 

2 GATI Tomatillo 
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SAMENVATTING 
 

 

In Indonesië leven meer dan 30 soorten primaten die op dit moment bedreigd worden. De 

oorzaak hiervan is te vinden in hedendaagse menselijke activiteiten zoals houtkap, 

mijnbouw, illegale jacht en herinrichting van het land die een enorme impact hebben op de 

natuurlijke leefomgeving en op de dieren die in het wild leven. Een van de belangrijkste taxa 

in Indonesië is de orang-oetan. De orang-oetan is een paraplu soort, wat betekent dat deze 

soort in sterke mate bepalend is voor de vorming en het voortbestaan van het ecosysteem. 

In het geval van de orang-oetan betekent het dat als de orang-oetan in ongestoorde 

leefomstandigheden leeft meer dan 100 diersoorten en zelfs duizenden boomsoorten 

overleven. Daarnaast is de orang-oetan ook een ‘flagship’ soort, wat een belangrijk aspect is 

voor het eco-toerisme en voor duurzame ontwikkeling. 

Orang-oetans leven steeds vaker noodgedwongen in gefragmenteerde en 

verstoorde bosgebieden door het continue verlies van hun leefomgeving en leven daardoor 

in relatief kleine populaties. Derhalve is de Sumatraanse orang-oetan (Pongo abelii) 

gemarkeerd als kritisch bedreigd en de Borneose orang-oetan (Pongo pygmeus) als bedreigd 

door de IUCN (Rode Lijst 2011). Zonder interventie, waaronder het handhaven van de 

regelgeving op de ontwikkeling van plantages, (illegale) houtkap en jacht, kan hun 

leefomgeving verdwenen zijn in de komende decennia. Ondanks dat een aantal grote 

primaire bosgebieden zijn aangewezen als beschermde gebieden op Sumatra en Borneo, 

komt houtkap en illegale ontbossing om nieuwe plantages aan te leggen nog steeds voor in 

deze gebieden. Tevens leven grote aantallen orang-oetans buiten beschermde gebieden, 

waar voorschriften voor natuurbehoud zelfs minder of helemaal niet toegepast worden. 

Verschillende onderzoekers hebben onderzocht hoe Borneose orang-oetans overleven in 

verstoorde gebieden. Ze vonden dat deze populaties zich beter leken aan te passen aan de 

verstoringen dan de Sumatraanse orang-oetan, doordat er een kleinere vermindering in 

orang-oetan dichtheid was als gevolg van houtkap. Gedragsdata zijn echter praktisch 

afwezig voor de Sumatraanse orang-oetan, maar zijn cruciaal in het helpen om de soort te 

laten overleven. 

 Een van de belangrijke onderdelen van dit onderzoeksproject is daarom ook het 

bepalen van de invloed van houtkap op een van de overgebleven ongerepte regenwouden 

van Sumatra en op het gedrag van de orang-oetan (hoofdstuk 2). In Ketambe (het oudste 
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orang-oetan onderzoeksstation) heeft houtkap een significant effect op de structuur van het 

bos en op de voedselbronnen van de orang-oetans, voornamelijk op lianen en op vijgen; 

voedsel waarop teruggevallen kan worden in tijden van schaarste (fallback food). 

Individuele orang-oetans gedragen zich anders wanneer ze in selectief gekapt bos zijn 

vergeleken met wanneer ze in ongerepte bossen zijn; ze bewegen meer en rusten minder in 

selectief gekapt bos. Met uitzondering van vijgen, die praktisch afwezig zijn in de gekapte 

gebieden, zijn de verhoudingen van andere dieet categorieën, zoals fruit, bladeren en bast, 

in beide gebieden over het algemeen hetzelfde. Het leven na houtkap lijkt meer energie te 

kosten voor orang-oetans. Gebaseerd op de resultaten van deze studie, geven we 

aanbevelingen voor conservatie onderzoek en geven we richtlijnen voor het beperken van 

de impact van houtkap.  

 Omdat houtkap een aanmerkelijk negatief effect heeft op de voedselbronnen van 

orang-oetans, is een van de grote uitdagingen het verwerven van adequaat voedsel voor de 

individuen in deze gebieden. Om het effect van houtkap op het dieet van de orang-oetan te 

beoordelen, is het nodig om verschillende onderwerpen te begrijpen, zoals de dieet 

samenstelling van een individu op het niveau van de planten soorten, dieet overlap tussen 

individuen (overlap in de tijd die nodig is om dezelfde soort te eten en overlap in de 

geconsumeerde soorten) en hoe het dieet varieert per seizoen (hoofdstuk 2). De 

meerderheid van de orang-oetan individuen consumeerden een dieet die verschilde in 

soorten, zelfs na het corrigeren van voedselbeschikbaarheid en van home-range van de 

individuen met dezelfde energetische behoeften, in dit geval volwassen vrouwtjes. Hun 

dieet was dus significant verschillend van elkaar, met uitzondering van vijgensoorten, die de 

enige voedselsoorten waren die voor een verhoogde overlap in het dieet zorgden tussen de 

individuen, voornamelijk omdat orang-oetans samenkomen in grote vijgenbomen 

gedurende perioden dat deze bomen een grote oogst leveren. Dit geeft ook het belang 

weer van de ecologische rol die vijgenbomen innemen tijdens voedselschaarste van ander 

fruit. 

 Deze studie laat zien dat individuen van een populatie een verschillende 

samenstelling van dieet hebben. Dit is een indicatie dat ze niet alles strict consumeren van 

het voedsel wat beschikbaar is in het bos en dat elk individu actief (d.w.z. niet-random) een 

specifieke manier vindt om zijn eigen energie behoefte te vervullen. Een voorbeeld die dit 

weergeeft is het zeldzame gebeuren van het jagen en consumeren van een grote plompe 

lori (Nycticebus coucang), wat geoberveerd is bij een specifiek vrouwtje in de populatie 
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(hoofdstuk 4). De vangst van de grote plompe lori lijkt opportunistisch, maar orang-oetans 

kunnen gebruik hebben gemaakt van olfactorische prikkels om hun prooi te detecteren op 

korte afstand (<40 meter). De vangst van de grote plompe lori heeft alleen plaats gevonden 

tijdens perioden van voedselschaarste, wat suggereert dat vlees voedsel is dat als een soort 

reserve dient in tijden van weinig voedsel (filler fallback food). De orang-oetan wordt verder 

als een model soort gebruikt om te berekenen hoeveel tijd nodig was voor onze voorouders 

(Australopithecus africanus) om rauw vlees te kauwen om in hun dagelijkse energie 

behoefte te voorzien. Orang-oetans aten vlees twee keer zo langzaam dan chimpanzees 

(Pan troglodytes), wat suggereert dat het leven in groepen een accelerator is voor de 

inname van vlees in hominoïden, aangezien chimpanzees meer in groepsverband leven dan 

orang-oetans. Gebruik makend van de deze data laten we zien dat de tijd die nodig is per 

dag om rauw vlees te kauwen niet extreem veel tijd in beslag zou nemen voor onze sociale 

voorouders (australopithecines en hominids), zolang vlees niet meer dan een kwart van hun 

dieet was. 

Tegenwoordig is het belangrijk voor initiatieven gericht op het behoud van de 

orang-oetans, om te weten hoe orang-oetans omgaan met nieuw (onbekend) voedsel. Ten 

eerste omdat wilde orang-oetans steeds meer in gedegradeerde habitats leven en er nieuw 

voedsel opkomt door de kolonisatie van planten of door plantages. Ten tweede voor 

reintroductie programma’s, waarbij rehabiltante orang-oetans niet mogen worden 

vrijgelaten bij wilde orang-oetan populaties en daarom nieuw voedsel moeten opnemen in 

hun repertoire. Kennis over wat ze kunnen eten is cruciaal voor hun overleving op korte en 

op lange termijn. Daarom is het belangrijk om de natuurlijke aanleg van orang-oetans te 

begrijpen voor nieuw (onbekend) voedsel, met andere woorden, wat is hun acceptatie en 

mate van consumptie van nieuw voedsel (hoofdstuk 5). Tijdens een experiment, kozen 

orang-oetans (Sumatraans, Borneose, en hybriden) vaker voor nieuw voedsel, maar ze 

bleven behoedzamer tijdens het eten van nieuw voedsel dan tijdens het eten van bekend 

voedsel. Alhoewel beide orang-oetan soorten nieuw voedsel in dezelfde hoeveelheden 

consumeerden, kozen Sumatraanse orang-oetans (dus vóór consumptie) significant minder 

nieuw voedsel dan Borneose orang-oetans. Een mindere mate van acceptatie van nieuw 

voedsel in Sumatraanse orang-oetans kan deels verklaren waarom Borneose orang-oetans 

beter opgewassen zijn tegen de gevolgen van houtkap in hun omgeving en de daarop 

volgende effecten op voedsel beschikbaarheid.  
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Om de kans op succes van reintroductie projecten te vergroten voor orang-oetans 

die in een onbekend gebied vrijgelaten worden, is het dus noodzakelijk te leren hoe de 

acceptatie en consumptie van nieuw voedsel vergroot kan worden (hoofdstuk 6). Tijdens 

een experiment, leidde herhaalde blootstelling van (in het begin) nieuw voedsel in orang-

oetans niet tot een toename van de acceptatie van nieuw voedsel, maar het leidde wel tot 

een toename van de voedselinname (consumptie van voedsel). Herhaalde blootstelling van 

(in het begin) nieuw voedsel leidde ook tot een afname van exploratie gedrag, dat wil 

zeggen een afname in het kijken naar en het ruiken van het voedsel. De aanwezigheid van 

andere orang-oetans (socialiteit) vergeleken met wanneer ze alleen waren, resulteerde in 

een toegenomen acceptatie van het nieuwe voedsel, en eveneens in een toename van de 

hoeveelheid geconsumeerd voedsel. Herhaalde blootstelling van voedsel en socialiteit 

kunnen hierdoor zeer nuttig zijn voor ex-gevangen orang-oetans in het vergroten van hun 

dieet en het vergroten van de verscheidenheid in het dieet. Als deze combinatie van 

(goedkope) maatregelen toegepast wordt bij de opgevangen orang-oetans voordat ze 

worden vrijgelaten, kan dit de individuen helpen zich relatief snel aan te passen aan hun 

nieuwe habitat. Dit zal hoogstwaarschijnlijk leiden tot het vergroten van hun 

overlevingskansen. Zodoende, is het aanbevolen dat orang-oetan reintroductie-projecten 

de nadruk leggen op herhaalde blootstelling van voedsel en op socialiteit tijdens het eten 

van nieuw voedsel gedurende de rehabilitatie fase van het reintroductie proces. De 

reddingsoperatie, opvang en rehabilitatie en vrijlating van mens-apen vergen grote 

financiële en logistieke investeringen, echter de effectiviteit van vrijlating kan verbeterd 

worden door deze goedkope maatregelen toe te passen, die verder weinig inspanning 

kosten. 
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RINGKASAN 

 

Sebagai akibat dari hilangnya habitat hutan yang berkepanjangan, orangutan terpaksa untuk 

tinggal terpecah dan terganggu dan sebagian besar terjadi pada populasi yang relative kecil. 

Akibatnya, orangutan Sumatera (Pongo abelii) terdaftar sebagai spesies yang sangat 

terancam punah, dan orangutan Borneo (Pongo pygmaeus) terdaftar sebagai spesies 

terancam punah oleh IUCN (Red List 2011). Pada kenyataannya, tanpa intervensi langsung 

dan komitmen, seperti penegakan hukum yang ketat pada perkembangan perkebunan, 

penebangan dan perburuan liar, habitat mereka mungkin akan hilang dalam beberapa 

dekade ke depan. Meskipun sejumlah besar hutan murni telah ditunjuk sebagai hutan 

lindung di Sumatera dan Borneo, penebangan dan pembangunan illegal untuk perkebunan 

masih terjadi dalam kawasan hutan lindung. Selain itu sejumlah besar orangutan tinggal 

diluar kawasan hutan lindung, dimana peraturan konservasi sangat lemah, bahkan hampir 

tidak ada. Beberapa peneliti telah meneliti cara orangutan Borneo bertahan hidup dilahan 

yang telah rusak, dan mereka menemukan bahwa populasi tersebut bertahan lebih baik 

dibanding dengan orangutan Sumatera, menunjukkan bahwa sedikit pengurangan 

kepadatan sebagai akibat dari penebangan. Data perilaku tersedia, tetapi masih kurang 

bukti untuk orangutan Sumatera, walaupun hal tersebut sangat krusial untuk dapat 

membantu kelangsungan hidup spesies ini. 

 Salah satu prioritas dari penelitian dalam project ini adalah untuk menentukan 

dampak dari penebangan hutan yang tersisa di Sumatera terhadap kehidupan orangutan 

(Bab 2). Di Ketambe penebangan telah mengakibatkan perubahan struktur hutan yang 

signifikan dan sumber makanan bagi orangutan, khususnya untuk sumber makanan dasar 

dan tanaman menjalar. Sebagai individu orangutan yang tinggal di hutan yang telah 

ditebang akan berperilaku berbeda ketika mereka tinggal di hutan murni; mereka lebih 

banyak bergerak dan istirahat lebih pendek di hutan yang telah ditebang. Selain figs (jenis 

buah yang sangat digemari oleh orangutan) yang sulit ditemukan dalam hutan yang telah 

ditebang, porsi untuk sumber makanan lain (seperti buah-buahan, dedaunan dan lainya) di 

dalam dua jenis hutan tersebut pasa dasarnya sama. Kehidupan dalam hutan yang telah 

ditebang kelihatan lebih banyak menguras energi untuk orangutan. Sebagai hasil dari studi 

ini, kami akan membuat rekomendasi untuk kegiatan konservasi dan petunjuk dalam 

mengurangi dampak penebangan hutan.    
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 Diketahui bahwa penebangan hutan sangat berdampak pada sumber makanan 

orangutan, salah satu tantangan indivisdual dalam area tersebut adalah untuk mendapatkan 

makanan yang cukup. Untuk dapat mengakses secara komprehensif dampak penebangan 

terhadap pola makan, penting untuk mengerti komposisi pola makan per individu terhadap 

level spesies tanaman, pola makan yang tumpang tindih (tumpang tindih dalam waktu 

memakan spesies yang sama dan memakan spesies yang sama) diantara individu dan pola 

makan musiman yang bervariasi (Bab 2).   Setelah mengontrol kesediaan makanan dan 

perbedaan penyebaran diantara individual dengan persamaan energi yang dibutuhkan 

(misalnya parous betina dewasa), mayoritas orangutan mengkonsumsi makanan yang 

berbeda sepanjang tahun. Terjadi perbedaan yang signifikan terhadap pola makan tersebut, 

dengan pengecualiaan figs, yang merupakan satu-satunya spesies yang mengakibatkan 

peningkatan tumpang tindih pola makanan antar individu ketika spesies tersebut tersedia di 

hutan, umumnya karena orangutan akan datang secara bersamaan ke pohon fig yang besar 

ketika pohon tersebut sedang berbuah.  

 Studi ini menemukan bahwa individu dalam satu populasi menunjukkan komposisi 

pola makan yang  berbeda, yang mengindikasikan bahwa mereka tidak memakan apa saja 

yang tersedia di dalam hutan, dan setiap individu secara aktif (tidak secara acak) 

menemukan cara yang spesifik dalam memenuhi kebutuhan energinya. Hal ini dapat 

diilustrasikan dengan jarang terjadinya kasus perburuan dan konsumsi daging kukang 

(Nycticebus coucang), diamati hanya pada betina dewasa dengan anak di dalam populasi 

(Bab 4).  Keadaan tersebut sepertinya opurtunis tetapi mungkin orangutan menggunakan 

isyarat penciuman jarak dekat untuk mendeteksi mangsanya. Kejadian konsumsi kukang 

hanya terjadi selama periode ketika ketersediaan buah sangat rendah, menyatakan bahwa 

daging dapat menggantikan makanan dasar pada orangutan. Orangutan mengkonsumsi 

daging dua kali lebih lambat dari chimpanzes (Pan troglodytes), yang menyatakan bahwa 

dalam hidup berkelompok di hominoids cara makan akan lebih cepat. Menggunakan data 

orangutan sebagai model, leluhur manusia (australopithecines dan hominids) tidak 

membutuhkan waktu ekstra untuk memakan daging per hari, selama daging yang ada tidak 

melebihi seperempat dari pola makan mereka. 

  Untuk mengoptimalkan kelayakan kapasitas populasi di alam, kegiatan reintroduksi 

hewan untuk kembali ke habitat asalnya menjadi sangat penting dalam kegiatan konservasi. 

Orangutan selalu dilepasliarkan ke hutan yang masih asing bagi mereka dimana 

pengetahuan tentang apa yang akan menjadi makanan menjadi krusial untuk dapat 
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memastikan keberlanjutan hidup mereka. Dengan demikian adalah penting untuk 

memahami kecenderungan alami orangutan terhadap makanan baru dibandingkan dengan 

makanan yang mereka kenal, dengan kata lain, apa penerimaan dan tingkat konsumsi pada 

makanan yang baru (Bab 5). Dalam salah satu eksperiment, orangutan (Sumatera, Borneo, 

dan interspesifik hibrida) lebih sering memilih makanan baru, tetapi tetap berhati-hati 

selama makan dibandingkan dengan mengkonsumsi makanan yang telah mereka kenal. 

Meskipun kedua spesies orangutan mengkonsumsi makanan baru dalam jumlah yang sama, 

sebelum dikonsumsi, orangutan Sumatera memilih makanan baru secara signifikan tidak 

secepat orangutan Borneo. Penerimaan yang lambat atas makanan baru dalam orangutan 

Sumatera sebagian dapat menjelaskan mengapa orangutan Borneo lebih baik dalam 

mengatasi penebangan dan efeknya pada ketersediaan makanan. 
Untuk meningkatkan peluang keberhasilan dalam kegiatan reintroduksi, perlu 

untuk mempelajari bagaimana merangsang peningkatan penerimaan terhadap makanan 

baru dan konsumsi (Bab 6). Pengulangan eksposur selama eksperimen tidak menunjukkan 

peningkatan penerimaan terhadap makanan baru, tetapi meningkatkan jumlah makanan 

yang dikonsumsi oleh orangutan. Pengulangan eksposur juga menurunankan perilaku yang 

eksploratif. Keberadaan orangutan lainnya mengakibatkan peningkatan penerimaan 

terhadap jenis makanan baru serta peningkatan jumlah makanan baru yang dikonsumsi 

dibandingkan dengan ketika hanya satu orangutan. Pengulangan eksposur dan sosialitas 

dapat bermanfaat bagi orangutan bekas peliharaan dalam menambah dan diversifikasi pola 

makan mereka dan dilatih sebelum dibebaskan, dapat membantu adaptasi individu untuk 

habitat hutan baru. Hal tersebut mungkin dapat meningkatkan peluang mereka untuk 

bertahan hidup. Oleh karena itu, disarankan agar program reintroduksi orangutan 

meningkatkan penekanan pada paparan berulang dan mensosialisasikan makanan baru 

selama tahap rehabilitasi dalam proses reintroduksi. 
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