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Abstract  
 

Prior studies on Bornean orangutans  have suggested that orangutans were primarily selecting nest 

sites that provided more stable and sheltered platforms  thereby offering greater comfort rather than 

selecting for nests which reduced the risk of predation by limiting access to ground predators 

(Ancrenaz et al. 2004a; Cheyne et al. 2013). The aims of this study were to answer three questions: 

why are nests built in a particular tree, why was the nest in that position and height within the tree and 

why build the nest in that part of the forest and not another? Nest and forest structure data were 

recorded from transects conducted at two sites in North Sumatra; Sikundur (a naturally recovered site) 

and Sei Betung (reforested site). Selection patterns for tree and forest structure variables showed no 

significant difference across sites when modelling nest trees against forest trees. Nest trees had 

properties that both increased both comfort through nest stability and shelter from adverse weather 

as well as attributes which reduced the threat from predators. However, a preference for trees with 

narrow trunks was also found, which would limit access to ground predators but also reduce stability, 

suggesting that predator avoidance may take precedent over comfort. A greater proportion of Position 

2 and 3 nests were found in Sei Betung where tree height and connectivity are lower, further 

suggesting that predator avoidance has a greater influence than comfort or stability on Sumatran 

orangutan nest placement. The lower connectivity in Sei Betung was associated with increased rarity of 

tree-tied nests (Position 4) compared to Sikundur which went against our expected results based on 

those of Prasetyo et al. (2009).  Over 60% of nest trees in Sei Betung held multiple nests, suggesting 

that there is significant pressure upon preferred nest sites in Sei Betung. Nest densities were most 

closely associated with variables linked with forest recovery such as higher canopy density, fewer gaps, 

increased rugosity and higher stem density. Nest densities were also associated with reduced distance 

to the edge of the forest, further research is needed to determine whether this is due to orangutans 

utilising neighbouring plantations. Our results show the need for protecting habitat not only for 

preferred food species but also nest trees. 
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Chapter 1: Literature Review 
 

1.1  Orangutan biology 
 

1.1.1 Distribution and conservation status 
 

Orangutans, species belonging to the genus Pongo are the only non-human great apes (Hominidae) 

currently found in Asia (von Koenigswald 1982).  though they once were found across South East Asia 

during the Pleistocene period their range is now restricted to the two islands of Borneo and Sumatra 

(von Koenigswald 1982; Jablonski et al. 2000; Bacon & Long 2001; Ibrahim et al. 2013). The genus is 

represented by three species which are split allopatrically with a single species found on Borneo; P. 

pygmaeus that is made up of three subspecies (P. p. pygmaeus, P. p. morio and P. p. wurmbii) 

(Ancrenaz et al. 2016) and two species on Sumatra; P. abelii and P. tapanuliensis (Nowak et al. 2017; 

Singleton et al. 2017; Nater et al. 2017) (see Fig 1 and Fig 2). The two Sumatran species are also split 

geographically with the Sumatran orangutan being found in the north of the island mostly within the 

Leuser Ecosystem and peat swamps of the west around Suaq Balimbing and the Tapanuli orangutan 

being restricted to south of Lake Toba in Batang Toru which is the southernmost range of orangutans 

on Sumatra, with the exception of the reintroduced individuals around Bukit Tigah Puluh National Park 

(Wich et al. 2003; Russon 2009; Kelle et al. 2014; Nowak et al. 2017).  
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Figure 1-1 Distributions of the three extant species of orangutan; P. abelii, P. tapanuliensis and P. 

pygmaeus from Wich & IUCN (2016a). The map also displays the locations of all major orangutan field 

research sites, reintroduction and rehabilitation sites in Sumatra and Borneo.  

 



Page | 9  
 

At present, all three of the recognised species of orangutan are listed as critically endangered by the 

IUCN Red List (Ancrenaz et al. 2016; Nowak et al. 2017; Singleton et al. 2017).Orangutans are listed as 

such due to the multiple threats which they face from habitat loss and fragmentation for agriculture 

and timber extraction (Ancrenaz et al. 2015, 2016; Singleton et al. 2017), hunting for food and killing in 

retaliation for crop raiding and during land clearance (Davis et al. 2013; Meijaard et al. 2011; Wich et 

al. 2012; Abram et al. 2015), and capture of individuals for the illegal pet trade (Shepherd 2010; Freund 

et al. 2017). 

1.1.2 Diet 
Orangutans are generally frugivorous though their diet actually quite varied. The diet of orangutans 

consists primarily of fruit, leaves, flowers, bark and invertebrates (Morrogh-Bernard et al. 2009; Russon 

et al. 2009a), though there are also instances of meat eating with orangutans being observed 

consuming slow lorises (Nycticebus coucang) (Utami & Van Hooff 1997; Hardus et al. 2012b), gibbon 

(Hylobates lar) (Sugardjito & Nurhuda 1981), grey tree rats (Lenothrix canus) and birds eggs (Russon et 

al. 2009a). Current records have observations of orangutans feeding on a total of 1693 different 

species, this includes 1666 plant species (including fruit, leaves, bark and pith), 16 invertebrate species, 

4 species of vertebrate and 7 foods belonging to the category other; honey, fungi, moss, urine, soil and 

water (Russon et al. 2009a).  

Figure 1-2 Orangutan species distrbutions in Sumatra for P. abelii and P tapanuliensis (left) and 
distributions of subspecies of P pygmaeus on Borneo (right) and the major field research sites and 
reintroduction and rehabilitation sites on both islands. Distributions from Wich & IUCN (2016b, 
2016c). 
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1.1.3 Sexual dimorphism and male bimaturism 
Orangutans unusually display both extreme sexual dimorphism in body size and bimaturism amongst 

males (Utami-Atmoko et al. 2009). Male orangutans grow considerably larger than females and also 

ŘŜǾŜƭƻǇ ƳŀƭŜ ǎŜŎƻƴŘŀǊȅ ǎŜȄǳŀƭ ŎƘŀǊŀŎǘŜǊǎ ό{{/Ωǎύ ǿƘƛŎƘ ŦǳǊǘƘŜǊ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǘƘŜƳ ǿƘƛŎƘ Ŏƻƴǎƛǎǘ ƻŦ 

flanged cheeks and a throat sack which enable the male to produce long calls (Mackinnon 1974; 

Rijksen 1978; Galdikas 1983; Galdikas 1985a; Utami-Atmoko, Mitra-Setia, et al. 2009). These long calls 

can be used to advertise their presence, orient themselves to other orangutans spatially and 

potentially co-ordinate a network of loose associations between males and females within the area 

(Galdikas 1983; Galdikas 1985a; Askew & Morrogh-Bernard 2016). Mitra Setia & van Schaik (2007) 

further suggest that long calls also influence female attraction as adult females were significantly found 

to approach long calls, in particular those made by dominant males. Unusually, male orangutans 

exhibit bimaturism in the form of two physically distinctive morphs of fertile, sexually active adult 

males who differ significantly in appearance: flanged and unflanged, which also employ generally 

different reproductive strategies: call and wait versus go and search/sneak and rape (Harrison & 

Chivers 2007; Utami-Atmoko et al. 2009a; Utami et al. 2002). 

1.1.4 Social structure 
Unlike all other species of great ape, orangutans are considered to be semi-solitary in terms of social 

structure, living in a fission-fusion system, with loose communities organised around a dominant 

flanged male (Mackinnon 1974; van Schaik 1999; Mitra-Setia et al. 2009) rather than the large, loosely 

organised fission-fusion groups of chimpanzees (Pan troglodytes) and bonobos (Pan pansicus) (Kuroda 

1979; Maryanski 1987; de Waal 1995; Surbeck et al. 2011) or the stable, cohesive heterosexual groups 

that Eastern (Gorilla beringei) and Western gorillas (Gorilla gorilla) live in (Maryanski 1987; Yamagiwa 

et al. 2003; Robbins et al. 2004).  Individuals live in highly overlapping home ranges with orangutans 

occasionally aggregating in or near large fruit trees such as strangling figs (14 individuals were 

observed in one fig tree in Ketambe) (Rijksen 1978; Sugardjito et al. 1987; Mitra-Setia et al. 2009). 

These feeding aggregations during periods of high fruit abundance such as masting events may develop 

into travel bands in which the individuals travel together in a coordinated manner (Utami-Atmoko et 

al. 2009a; Utami et al. 1997; Sugardjito et al. 1987; Mitra-Setia et al. 2009; van Schaik 1999; Singleton 

& van Schaik 2002).   

Female orangutans are more social than males and have been found to form distinct clusters and 

preferred associations with other females thought to be close relatives (Singleton & van Schaik 2002; 

Knott et al. 2008; Singleton et al. 2009). Female orangutans will regularly form associations with 

immature individuals of various age, most often their young but also unrelated, unflanged males  and 

other females from the same cluster (Mitra-Setia et al. 2009). Along with associations with immature 

individuals, female orangutans will also form associations with preferred flanged males such as in 

consortships where they will travel together for a period ranging from days to months and will engage 
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in sexual behaviours. The consort pair are not mutually exclusive as other females, unflanged males 

and adolescents may also associate with the consort pair (Schürmann & van Hooff 1986; Utami-

Atmoko et al. 2009).  

Compared to female orangutans, males are more solitary in nature. Non-dominant flanged males in 

particular avoid encounters with dominant flanged males and larger unflanged males in turn are 

avoided by females and smaller unflanged males alike (Mitra-Setia et al. 2009). Flanged males are 

highly aggressive to other adult males, in particular  they will attack flanged males that are assessed as 

weaker than themselves (Galdikas 1985b; Mitani 1985; Utami-Atmoko et al. 2009b). Compared to 

flanged male-flanged male interactions, flanged males are more tolerant of unflanged males but only 

from a distance and will chase unflanged males away when consorting with a female (Schürmann 1981; 

Utami & Setia 1995; Utami-Atmoko et al. 2009b). Unflanged males associate with females with no 

offspring more often than flanged males, in part due to their greater mobility which allows for them to 

be able to maintain an association for longer compared to a flanged male (Wich et al. 2006; van Schaik 

et al. 2009; Utami-Atmoko et al. 2009a). Along with associations with females, unflanged males do also 

succeed in siring offspring, though mainly with females who are not mate-guarded by flanged males or 

when opportunities arise (Utami-Atmoko et al. 2009a; Banes et al. 2015).  

1.2 Nesting ecology 
The three species of orangutans are the largest living extant arboreal mammalian species (Cant 1987a, 

1987b), spending almost all of their lives in the canopy. The daily building of nests to sleep and rest is a 

behaviour shared between all great ape species (Hashimoto 1995; Hall et al. 1998; Blom et al. 2001; 

Mehlman & Doran 2002; Kouakou et al. 2011; Samson & Hunt 2014; Serckx et al. 2016). Nest building 

is a complex behaviour which takes a number of years for a young orangutan to master through 

observing their mothers and practice (van Noordwijk & van Schaik 2005; Prasetyo et al. 2009; van 

Noordwijk et al. 2009).  

Nest building is one of the essential skills which young orangutans and other great apes learn from 

their mothers, as although nest building in great apes does have an innate component it is not 

completely instinctive and only through exposure to nest building adults and learning from them that 

immatures are able to craft adequate nests (Videan 2006; Prasetyo et al. 2009; van Casteren et al. 

2012). Immature orangutans share a nest with their mothers irrespective of their age for both night 

and day time rest period. As the mother builds the nest immatures have been observed at all study 

sites to be attentive and appear to be attempting to help by adding twigs, branches or leaves (van 

Noordwijk et al. 2009). Orangutan infants begin to practice nest building around 0.5 years of age, with 

1-2 year olds frequently observed practicing nest building whilst their mother is stationary such as 

when feeding or resting (Prasetyo et al. 2009; van Noordwijk et al. 2009). By the age of 3 (and some 

younger), most young orangutans are able to build nests adequate enough for a brief nest even though 
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they will still spend the night sharing a nest with their mother, this shows that they acquire the 

sufficient skills for nest building long before independence and provides the young with a significant 

time to refine and master nest building techniques (van Noordwijk & van Schaik 2005; van Noordwijk 

et al. 2009). 

 

1.2.1 Nest construction 
Once a suitable site has been chosen the orangutan will first being to construct the base or foundation 

of the nest by bending, pulling and breaking some larger branches inward toward the centre and then 

weaving and twisting these together to lock them into a basic nest structure which roughly forms a 

butterfly pattern of branch endings that are concentrated into two roughly opposite corners (Prasetyo 

et al. 2009; van Casteren et al. 2012). Following this the orangutan will begin to add layers of smaller 

branches (normally those with many leaves) by bending, breaking and weaving them in place to create 

the layer known as a mattress or rim (Prasetyo et al. 2009; van Casteren et al. 2012). Only chimpanzees 

of the other great ape species also add mattresses to their nests (Fruth & Hohmann 1996; Prasetyo et 

al. 2009). Leafy branches which are detached from the surrounding area are further placed on top of 

the base structure to form a lining. Finally, to finish building the basic nest, whilst standing on the nest 

the orangutan will braid branches and fold the tips of these branches to the centre of the nest and 

intertwine them with the mattress, which they continue until the nest has a strong structure (Prasetyo 

et al. 2009). Once the basic structure is complete the orangutan may add additional special features 

such as pillows made from small leafy twigs at one end or blankets made of loose leafy branches or 

add a roof made of a loose cover of braided branches which are woven together to make a solid, 

almost waterproof  object (MacKinnon 1971; Russon et al. 2007; Prasetyo et al. 2009; van Casteren et 

al. 2012). Such additional features like pillows and roofs are widespread behaviours but usually 

restricted to either particular islands or subspecies (Russon et al. 2009b). The nests built by orangutans 

are considered to be the most complex, sturdiest and long lasting of all ape nests,  not only because of 

the addition of features such as pillows, blankets, roofs or secondary bunk nests (Anderson 1984; 

Anderson 1998; Prasetyo et al. 2009; Russon et al. 2007; van Casteren et al. 2012; MacKinnon 1971; 

Groves & Pi 1985; Ancrenaz et al. 2004a) 

 

1.2.2 Nest function 
Nest building in primates has been hypothesised to have arisen due to the need for a comfortable 

sleeping platform as the bodies of apes are too large to comfortably sleep on a bare branch (Fruth & 

Hohmann 1996; Stewart et al. 2007; Prasetyo et al. 2009; van Casteren et al. 2012), a method for 

improving thermoregulation (Stewart 2011b; Samson & Hunt 2012; Fruth et al. 2018), avoiding biting 
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insects (Largo et al. 2009; Stewart 2011b; Samson et al. 2013) and offer a safe place to rest, away from 

potential predators (Anderson 1984, 1998; Pruetz et al. 2008; Stewart & Pruetz 2013).  

 

1.2.2.1. Improving sleep quality through comfort 

A comfortable platform to sleep on allows for high-quality rest and sleep by reducing disturbances in 

the night (Fruth & Hohmann 1996; McGrew 2004; Stewart 2011; van Casteren et al. 2012). By building 

nests through the careful bending, weaving and braiding of branches and adding leaves to aid in 

cushioning, apes are able to create strong nests which can support their body weight and provide 

softer, more cushioned sleep sites (Goodall 1962; Van Lawick-Goodall 1968; Prasetyo et al. 2012; 

Prasetyo et al. 2010; Stewart et al. 2007). The use of nests has been suggested to allow for longer 

periods of uninterrupted sleep and promotes  longer individual sleep stages  which thereby leads to 

higher quality sleep (Fruth & Hohmann 1993; Stewart 2011b; Samson & Hunt 2014). In captive 

orangutans the production of more complicated nest designs was found to lead to higher-quality sleep 

and less gross-motor movements and increased overall sleep time (Samson & Shumaker 2013).  

Along with offering a cushioned platform which reduces stress on tissues and pressure points to 

promote higher-quality sleep, nests also promote improved comfort and sleep quality by offering 

greater positional stability. Greater positional stability offers greater comfort as by building nests it 

reduces the chance of falling from branches which would be more likely should an ape with their larger 

body size in comparison to the surrounding supporting branches choose to rest on a branch rather 

than building a nest (Baldwin et al. 1981; Samson 2012; Samson & Hunt 2014). By building nests in 

more stable sites which are less likely to move or experience wind sway, apes are also able to increase 

ōƻǘƘ ǇƘȅǎƛŎŀƭ ŎƻƳŦƻǊǘ ŀǎ ǿŜƭƭ ŀǎ ƳŜƴǘŀƭ ǿŜƭƭōŜƛƴƎ ōȅ ǘƘŜ ǊŜŀǎǎǳǊŀƴŎŜ ǘƘŀǘ ǘƘŜ ƴŜǎǘ ǿƻƴΩǘ Ŧŀƛƭ ƛƴ ǘƘŜ 

night thereby allowing for more relaxed and higher quality sleep (Anderson 1998; Cheyne et al. 2013). 

Both chimpanzees and orangutans  have been observed to build their nests in locations  to reduce 

serious wind-sway (Goodall 1965; Reynolds 1965; Mackinnon 1974; HORR et al. 1977; Anderson 2000; 

Cheyne et al. 2013). Samson & Hunt (2012) noted that wind sway increased with nest height, therefore 

the danger of nest collapse increased with nest height. They also noted that at their field site in Toro-

Semliki, chimpanzees tended to nest at a height three-quarters (0.74) the elevation of the total tree 

canopy, leaving a quarter of the canopy empty. Nests were found to be built at similar heights in 

Fongoli (0.76), but in Assirik nests are built much higher within the canopy (0.94) which Samson & Hunt 

(2012) suggest could be due to site differences in climate as well as the physical attributes of the 

ŘƛŦŦŜǊŜƴǘ ǘǊŜŜ ǎǇŜŎƛŜǎ ǳǎŜŘ ŀǘ ŜŀŎƘ ǎƛǘŜΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ǇƻǘŜƴǘƛŀƭƭȅ ŀ άƳŀȄƛƳǳƳ ǎŀŦŜ 

heiƎƘǘέ ŦƻǊ ƴŜǎǘǎ ǿƛǘƘƛƴ ŀ ǘǊŜŜ ǘƘŀǘ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ōƻǘƘ ŀ ǘǊŜŜǎ ǎǘǊǳŎǘǳǊŀƭ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ǎƛǘŜ-specific 

conditions such as average wind speeds, rainfall and exposure.  
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Sleeping platforms or nests also offer improved comfort by providing protection from adverse weather 

conditions such as rain or strong winds (Goodall 1962; Anderson 1984; Prasetyo et al. 2012; Kano 1982; 

Cheyne et al. 2013). By using local microhabitat features such as overhead branches, leaves, nest 

height and the density of forest stands apes can try to minimise the effects of adverse weather 

conditions. More sheltered positions can offer greater protection from rain which has been observed 

in bonobos (Kano 1982; Anderson 2000), whereas chimpanzees in Assirik has been observed to build 

more open nests that were higher within the crown and with less overhead vegetation in the wet 

season reduce discomfort from dripping vegetation in the event of night-time rain and offer more 

expose to the morning sun to warm and dry (Baldwin et al. 1981; Anderson 2000). For this research 

comfort is defined by both the stability of the nest, reduction of wind sway and protection from 

adverse weather conditions.  

1.2.2.2. Thermoregulation 

The use of nests for rest and sleep has also been theorised to offer improved thermoregulation by 

providing insulation to reduce heat loss at night or avoiding higher humidity and temperatures (van 

Casteren et al. 2012; McGrew 2004; Stewart 2011; Prasetyo et al. 2012; Anderson 1984; Anderson 

1998; Koops et al. 2012; Fruth & Hohmann 1993). Research by Samson & Hunt (2012) found that 

arboreal nests as opposed to terrestrial nests in Toro-Semliki in Uganda experienced greater 

temperatures, wind sway and heat stress but lower humidity levels. The thermoregulatory and 

insulation properties of the arboreal nests of chimpanzees were empirically tested by Stewart (2011), 

and found that arboreal nests did indeed offer reduced heat loss which in a savannah habitat with low 

overnight temperatures could be crucial to the survival of chimpanzees there. Koops et al. (2012) 

found that in the rainforest habitat of Seringbara, Republic of Guinea where overnight temperatures 

are higher that humidity avoidance appears to drive much of the nest selection within this site. 

Chimpanzees within Seringbara were found to nest at higher altitudes with lower humidity during the 

wet season and avoided lower altitudes when overall humidity was highest and avoided nesting at 

altitudes below 800m year-round due to the higher humidity. Furthermore, chimpanzees nested higher 

within the trees during the wet season than during the dry season as higher nests offer higher 

temperatures and lower humidity (Koops et al. 2012a; Samson & Hunt 2012). Chimpanzees and other 

apes may be choosing to avoid high humidity as in higher temperatures, high humidity reduces the 

efficiency of heat loss through evaporation and conversely in colder temperatures high humidity 

increases heat loss through convection (Bell & Greene 1984). Further to the use of nests for 

thermoregulation, western lowland gorillas (G. gorilla gorilla) have been observed sleeping on dry 

earth during dry periods and as conditions became wetter and colder were observed to build nests 

more regularly along with building more complex designs with changing climatic conditions and nests 

in trees more frequently with increased rainfall (Remis 1993; Tutin et al. 1995; Mehlman & Doran 

2002)Φ !ǎ ōƻǘƘ ŜȄǘǊŜƳŜǎ ƻŦ ƘŜŀǘ ŀƴŘ ŎƻƭŘ ǿƻǳƭŘ ƛƴŦƭǳŜƴŎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƻƳŦƻǊǘ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ǎƭŜŜǇΣ L 
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decided to include aspects of thermoregulation such as nest height and canopy closure above the nest 

as part of the overall sleep comfort hypothesis.   

1.2.2.3. Vector avoidance  

Nest have also been posited as a way of avoiding insect-borne pathogens by acting as physical barriers 

to insect vectors such as mosquitoes (Prasetyo et al. 2010; Stewart 2011; van Casteren et al. 2012; 

McGrew 2004; Nunn & Heymann 2005), certain tree species used for nesting could also have chemical 

properties which act as repellents to mosquitoes and other biting insects as well (Stewart 2011; 

Samson et al. 2013; Samson & Hunt 2014). By moving and building new nests daily, apes may be able 

to reduce the possibility of infestation by ectoparasites (Anderson 1998; Mackinnon 1974). Though 

little studied, there does appear to be some evidence for orangutans selecting nest trees with anti-

mosquito properties (Largo et al. 2009) and carrying the leaves from plants with mosquito repellent 

properties to line their nests (Russon et al. 2007, 2009b; Kuze et al. 2011). Chimpanzees similarly have 

been found to preferentially build nests within trees belonging to the genus Cynometra which has 

natural mosquito repellent properties (Samson et al. 2013). Empirical testing by Stewart (2011b) found 

that by sleeping in an arboreal nest they experienced less bites than by sleeping on the ground, 

suggesting that the nest structure either acted as a physical barrier to the biting insects or dislodged 

them from the body.  

1.2.2.4. Reducing the risk of predation 

Great apes are considered to be at low risk of predation to large carnivores due to a combination of 

large body size (Zuberbühler & Jenny 2002), low densities (Hayward et al. 2006), predominant 

distribution in closed forest habitats (Lehmann et al. 2009; Stewart & Pruetz 2013) and in the case of 

African ape species living in groups offers greater protection from predators through increased 

vigilance and numbers (Schaik 1983). However, there are records of predation (though rare) occurring 

on all great ape species with leopards (Panthera pardus) being the predominant predators of African 

great apes (Fay et al. 1995; Pruetz et al. 2008; Boesch 1991; Anderson 1984) though lions and hyenas 

are also potential predators (Tsukahara 1993; Stewart & Pruetz 2013). Orangutans due to their more 

solitary nature could potentially be at greater risk of predation but only realistically face predation 

threats from three species: large reticulated pythons (Python reticulatus), Sunda clouded leopards 

(Neofelis diardi) and Sumatran tigers (Panthera tigris sumatrae) (Mackinnon 1974; Rijksen & Rijksen-

Graatsma 1975; Rijksen 1978; Sugardjito 1983; van Schaik & van Hooff 1996).  

Such threats from predation though low, could have significant impacts upon apes and their 

populations due to their long life-histories, in particular their slow maturation to reproductive age and 

long inter-birth intervals due to the need for extended maternal care (van Noordwijk & van Schaik 

2005; Jones 2011; Stewart & Pruetz 2013). The long life history of apes and in particular orangutans 

makes them especially susceptible to the pressures of excessive mortality through predation and 

hunting due to the time required to replace lost members (Musick 1999). With predation offering such 
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risks to ape populations it would be expected that apes should also have evolved behavioural counter-

strategies which has led to the low currently observed rates of predation (Stewart & Pruetz 2013). Such 

anti-predatory behaviours have been observed including alarm calls which chimpanzees have been 

observed vocalizing in response to leopards (Boesch 1991) and both Sumatran and Bornean 

orangutans in response to tigers and clouded leopards (Rijksen 1978; Lameira et al. 2013). Both 

chimpanzees and orangutans have also been observed to throw sticks and rocks at perceived threats 

such as leopards, lions, tigers and clouded leopards (Van Lawick-Goodall 1968; Rijksen 1978; Boesch 

1991; Lameira et al. 2013; Stewart & Pruetz 2013). The building of nest is another such behaviour 

which limits the risk of predation (Stewart & Pruetz 2013).  

Whilst nests offer apes improved comfort and more stable sleeping sites, one of the primary functions 

of animal construction behaviours is to provide defence from predators. This anti-predatory function of 

nests and other shelters can two forms; concealment and repulsion of attack once detected (Hansell 

2005; Stewart & Pruetz 2013). Nests potentially offer apes protection through crypsis, reducing the 

apes visibility to searching predators by presenting the leafy mass of the nest rather than the 

silhouette of large-bodied primate on a branch (Sugardjito 1983; Prasetyo et al. 2009; Stewart & Pruetz 

2013). The primary anti-predatory function that has been hypothesised for nest building in apes is that 

by nesting arboreally it makes the nest builder inaccessible to potential nocturnal predators whilst the 

individual is sleeping and vulnerable (Stewart & Pruetz 2013). The nesting of apes has been well 

studied and found that in many cases apes are highly selective of nest sites in regards to tree species, 

areas of landscapes and particular morphological or structural characteristics of trees (Tutin et al. 

1995; Brownlow et al. 2001; Ancrenaz et al. 2004a; Prasetyo et al. 2009; Hernandez-Aguilar 2009; 

Cheyne et al. 2013; Stewart & Pruetz 2013; Hernandez-Aguilar et al. 2013). Given the potential 

importance of reducing the risk of predation it should be expected that orangutans and other apes 

should take measures in selecting nest sites which improve the nest sites anti-predatory functions such 

as by either making access more difficult for a predator or facilitating easier escape for the nesting 

individual (Anderson 1984, 1998; Pruetz et al. 2008; Stewart & Pruetz 2013).  

Such anti-predation adaptations have been observed in the nests of chimpanzees such as nests having 

escape routes  (Baldwin et al. 1981; Anderson et al. 1983), building the nest near to the forest edge or 

over stǊŜŀƳǎ ƻǊ ƎǳƭƭŜȅΩǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ƴŜǎǘ (Van Lawick-Goodall 1968) and in 

savannah habitats building higher nests  with less overhead vegetation and more clumped together as 

a group which could be seen as methods of reducing predations by nocturnal predators (Baldwin et al. 

1981). Further to this, chimpanzees in Issa have been found to select trees that are both taller and 

larger and with higher first branch heights than other suitable trees in the vicinity which could be a 

method of reducing access to ground predators (Stewart & Pruetz 2013; Hernandez-Aguilar et al. 

2013).  
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 Pruetz et al. (2008) found that when comparing chimpanzee nest heights between two sites in 

Senegal, these were lower in Fongoli where most predatory species had been extirpated through 

hunting compared to Assirik which is part of Niokolo Koba National Park where hunting has been 

foǊōƛŘŘŜƴ ǎƛƴŎŜ ǘƘŜ мфрлΩǎ ŀƴŘ ǎƻ Ƙŀǎ ŀ ƭŀǊƎŜ ǇƻǇǳƭŀǘƛƻƴ ƻŦ ǇǊŜŘŀǘƻǊǎΦ Pruetz et al. (2008) further 

ƴƻǘŜŘ ǘƘŀǘ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ Řŀǘŀ ǘƻ ŜŀǊƭƛŜǊ ƴŜǎǘ ƘŜƛƎƘǘ Řŀǘŀ ŦǊƻƳ !ǎǎƛǊƛƪ ƛƴ ǘƘŜ мфтлΩǎΣ ǘƘŜ ƴŜǎǘ 

heights had increased coinciding with the recovery of the populations of predators within the national 

park. Building upon this, when comparing chimpanzee nesting between Issa and Fongoli; where Issa 

had high densities of ground predators and were largely absent from Fongoli, Stewart & Pruetz (2013) 

found that not only were chimpanzees nesting in higher trees in Issa but also nesting in more 

peripheral positions within the crowns of trees. By nesting higher within trees and in more peripheral 

positions, the nest builders are able to reduce access to predators through distance but by being closer 

to the terminal ends of branches they also reduce the potential for predators to be able to reach them 

due to the branches being unable to support the weight of the predators. Stewart & Pruetz (2013) 

theorised that nest building could be a method of creating stable sleep sites in more terminal locations 

on branches that prior to nest construction could not support the weight of the nest building 

individual. Only by the weaving, folding and breaking of the branches to for the structure of a nest 

would the nest builder be able to safely rest in such a branch location.  

 Adaptations to reduce the risk of predation have also been recorded for orangutans, with juveniles 

and paired mothers with infants  having been observed nesting further away from food trees, whilst 

for adult males and females without young it is more normal for them to sleep in the general vicinity of 

the last food tree they visited but it is rare for them to nest in the fruiting tree (Sugardjito 1983). 

Avoiding nesting in active fruiting trees, in particular those which the most recently fed in is one of the 

most frequently reported aspects of nest tree selection for orangutans (Sugardjito 1983; Anderson 

2000; Prasetyo et al. 2009, 2012; van Casteren et al. 2012). This has both anti-predatory (Sugardjito 

1983) and comfort driven functions as by avoiding nesting in active fruiting trees orangutan avoid 

disturbance throughout the night and rest periods by other orangutans as well as other frugivorous 

species such as macaques, gibbons, fruit bats (Sugardjito 1983; Anderson 1998; Prasetyo et al. 2012) 

and biting insects such as ants (Whitten 1982b) which are attracted by the fruit. Avoiding nesting in 

active fruit trees and further from fruiting tress reduces the risk of predation as Sugardjito (1983) 

hypothesised that nocturnal predators such as clouded leopards, focus their arboreal search near to 

active fruit trees which are frequently visited by nocturnal frugivores (Sugardjito 1983; Prasetyo et al. 

2009).  

1.2.2.5. Ground nesting 

The rarity of ground nesting in orangutans is likely an anti-predatory response along with being a 

method of ensuring comfortable, undisturbed, high quality sleep by avoiding high humidity, damp 

ground and rain dripping from overhead foliage. Ground nesting in orangutans is only known for large 
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flanged males in Borneo (Ashbury et al. 2015) and is completely unknown in Sumatra, this is most likely 

due to the presence of large ground predators in Sumatra which are absent from Borneo, in particular 

Sumatran tigers  and Sumatran dhole  (Mackinnon 1974; Rijksen 1978; Sugardjito 1983; Rijksen & 

Meijard 1999). The main predators in Borneo are also present in Sumatra, but both species are capable 

of climbing and are adept at arboreal hunting; the reticulated python and Sunda clouded leopard, 

therefore there may be less pressure to avoid ground nesting in Borneo as in Sumatra (Mackinnon 

1974; Rijksen & Rijksen-Graatsma 1975; Rijksen 1978; Sugardjito 1983; Brodie & Giordano 2013; 

Ashbury et al. 2015; Hearn et al. 2015).  

Though adult orangutans are generally larger than the preferred prey size of clouded leopards which 

tend to prefer prey no larger than themselves (11-25kg), they are well within the potential prey size of 

tigers, with research by  Hayward et al. (2012) suggesting that the preferred prey size of tigers is 60-

250kg, this would place flanged male orangutans at the lower scale of this at 80kg (Markham & Groves 

1990). However, much of the data for Hayward et al's (2012) analysis came from tigers in India and 

Russia and given the smaller body size of Sumatran tigers (Nowell & Jackson 1996) it should be 

assumed that potentially they could target smaller prey so both male and female orangutans (80kg and 

40kg respectively (Markham & Groves 1990)) should be potential prey for tigers in Sumatra. Given this 

extra and very real threat from a ground predator, it is unsurprising that ground nesting is unheard of 

in Sumatra compared to Borneo (Prasetyo et al. 2009) and therefore we should not expect to find any 

instances of ground nesting in this study. Though there are no records of orangutan deaths due to 

pythons they are potentially the only natural predator in Borneo which could kill an adult orangutan  as 

pythons have been recorded killing and consuming an adult female sun bear in Borneo (Fredriksson 

2005) and responsible for a number of fatal attacks on humans in Indonesia, Sarawak and the 

Philippines (Lang 2010; Headland & Greene 2011). The presence of pythons could potentially be why 

terrestrial behaviour is still uncommon in Borneo (Loken et al. 2013; Ashbury et al. 2015). 

A number of studies have similarly found links between increased rarity in ground nesting and higher 

predator densities in chimpanzees (Stewart et al. 2011; Stewart & Pruetz 2013). Further to this Stewart 

& Pruetz (2013) noted that there was a significant increase in the proportion of terrestrial nests built in 

Fongoli between in their study Stewart et al. (2011) compared to the earlier study by Pruetz et al. 

(2008). Not only were ground nests more common but average nest heights were also lower between 

the two studies, these two results suggest that in Fongoli the removal of predators has allowed 

chimpanzees to feel safer to build nests closer to the ground. Stewart & Pruetz (2013) however did 

note that the period that their studies had been conducted over had also been a period in which the 

chimpanzees had been exposed to a sudden increase in human contact, as the researchers were 

attempting to habituate the group. Furthermore, the detection and decay rates of ground nests versus 

arboreal nests at different height may also differ leading to variation in numbers found (Stewart & 
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Pruetz 2013). Other papers have also noted that chimpanzee ground-nesting generally occurs in places 

where predator numbers are low (Furuichi & Hashimoto 2000; Koops et al. 2007). However, this is not 

the case for all chimpanzee populations as in Bili in the Democratic Republic of the Congo 10.9% of all 

chimpanzee nests are ground nests even though there is a good population of leopards present as well 

(Hicks 2010; Koops et al. 2012b).  

In the swamps of La Belgique in South-East Cameroon there is a positive selection for chimpanzees 

building ground nests to avoid human hunters as well as a lack of nesting trees and high densities of 

terrestrial herbaceous vegetation used for building ground nests (Tagg et al. 2013). Tagg et al. (2013) 

found that during the dry season when water levels were low, chimpanzees were moving into the 

swamp areas in La Belgique which gave them respite from hunting pressure as human hunters rarely 

entered the swamps and this also allowed the chimpanzees to feed upon preferred Uapaca spp. fruits. 

As the human hunters focused their hunts in the terra firma forests using guns to hunt arboreal 

primates, arboreal nesting would place chimpanzees ƛƴ ƘƛƎƘŜǊ ǘƘǊŜŀǘ ƻŦ ǘƘŜ ƘǳƴǘŜǊΩǎ Ǝǳƴǎ ǎƻ ƎǊƻǳƴŘ 

nesting would help to make the individuals more inconspicuous and reduce this threat and may 

counterbalance the risks from predation and encounters with large herbivores like elephants or buffalo 

(Tutin et al. 1995; Hicks 2010; Tagg et al. 2013). Though in this instance the high rate of poaching led to 

an increase in ground nesting in two other studies in the Democratic Republic of Congo (Hicks 2010) 

and Cameroon (Last & Muh 2013) increased hunting, agriculture and human activity was found to lead 

to fewer ground nests.  

Though there is strong evidence for arboreal nesting being a response to predation, there must be 

further reasons as to why apes build lower nests and more ground nests once the threat of predation is 

removed. One simple reason is that ground nests are both simpler, quicker and easier to construct and 

use less energy to produce than arboreal nests (Tagg et al. 2013). Ground nests in Fongoli are less 

complex and built with fewer steps and are often made of thin malleable materials when compared to 

arboreal nests, likely due to ground nests not requiring a supportive structure compared to arboreal 

nests (Stewart 2011a). Along with being less complex in design they are also less energetically 

demanding to produce, as there is less energy needed to stabilize the body whilst constructing the nest 

as there is for arboreal nests and there is no added energetic cost of ascending and descending trees to 

access the nest (Samson & Hunt 2012). Ground nests also offer safer, more stable nests and potentially 

longer periods of undisturbed sleep in areas with strong winds or during windy weather as arboreal 

nests experience both significantly greater wind sway, wind speeds and intensities of wind gusts than 

ground nests and as such there is less chance of nest failure or falling from the nest (Brownlow et al. 

2001; Samson & Hunt 2012). As such, gorillas have been observed to abandon arboreal nests in favour 

of bare ground during dangerous storms as safety outweighed comfort and the threat from ground 

predators (Tutin et al. 1995). Lastly, ground nests were found to offer more stable temperatures  and 
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less thermal stress than arboreal nests so should offer greater comfort and undisturbed sleep than 

arboreal nests (Samson & Hunt 2012). 

Compared to other apes, gorillas appear to be the most flexible in terms of nesting pattern, with the 

incidence of ground nesting for western lowland gorillas (G. gorilla gorilla) varying greatly between 

sites from 7.36% of nests in Petit Loango, Gabon (Furuichi et al. 1997) to 96.2% of nests built in La 

Belgique in Cameroon (Willie et al. 2014). Not only do gorillas more regularly build ground nests than 

other ape species but sometimes sleep on the bare earth without constructing any form of night nest 

which is a behaviour not shared with any other ape species (Tutin & Fernandez 1985; Fay 1989; Remis 

1993; Yamagiwa 2001; Mehlman & Doran 2002). Two theories as to why gorillas so readily build 

ground nests compared to other ape species are both due to their larger body size compared to other 

apes. Firstly; the larger body size of gorillas may reduce the number of potential arboreal nest sites 

available due to a lack of trees able to support their weight, secondly their larger body size may both 

reduce the number of predatory species that can prey upon them but also reduce the chance of being 

predated on by those species which can tackle prey of their size (Yamagiwa 2001). In spite of their 

large body size, even mature male gorillas have been recorded building arboreal nests, though the 

majority of arboreal nests are built by juveniles and females (Yamagiwa 2001; Mehlman & Doran 

2002).  

Variations in rates of ground nesting in gorillas have been purported to be due to factors associated 

with variations in both habitat and climate. The availability of nesting material such as terrestrial 

herbaceous vegetation (THV) and shrubs appears to be a good predictor of ground nesting numbers as 

in the montane forests of Virunga where THV are abundant 97.1% of all nests were ground nests 

whereas in the tropical forests of Petit Loango THV are very rare and ground nests only account for 

7.3% of all gorilla nests in that site. Nest heights and increased rates of arboreal nesting in gorillas have 

also been found to be linked to the season with significantly more arboreal nests being built in Lopé to 

potentially avoid nesting on the damp ground (Williamson 1988) and in Bai Hokou similar tendencies 

were reported by Remis (1993) who suggested that increased feeding on arboreal fruits may be 

responsible for higher incidences of arboreal nesting during the wet season (Yamagiwa 2001). Though 

terrestrial nesting is far more common in gorillas and their large body size excludes them from 

predation by most predators, gorillas are still vulnerable to predation in particular immature 

individuals in particular leopards with a number of records of leopards predating upon or attacking 

both mountain and lowland gorillas (Schaller 1963; Tutin 1992; Fay et al. 1995). With such threats, 

arboreal nesting may be an anti-predatory response by gorillas in particular immature individuals 

whilst they are vulnerable. Yamagiwa (2001) found that the dominant silverback may also play a part in 

protecting the troop from both predators and outside males who could kill the immatures. They found 

that following the death of the lead male, both adults and immatures built significantly fewer ground 
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nests and following the joining of a new silverback to the group the immature individuals still produced 

ŦŜǿ ƎǊƻǳƴŘ ƴŜǎǘǎ ŀǎ ǘƘŜȅ Ƴŀȅ ƘŀǾŜ ƴƻǘ ǘǊǳǎǘŜŘ ƛƴ ǘƘŜ ƴŜǿ ƳŀƭŜΩǎ ǇǊƻǘŜŎǘƻǊ ŀōƛƭƛǘȅ ŀǎ ǿƛǘƘ ǘƘŜ ƻƭŘ 

males.  

There is significant support for ground nesting and nesting lower in trees being a sex linked behaviour 

with male chimpanzees in Budongo, Uganda (Brownlow et al. 2001) nesting lower than females, along 

with male chimpanzees being found to produce the majority of ground nests in Nimba (Koops et al. 

2007, 2012b). Male orangutans have also been observed to nest in lower more stable positions than 

females or juveniles in Kutai National Park (Rayadin & Saitoh 2009). As in other ape species, arboreal 

nests are most frequently built by female and immature gorillas, with mature silverbacks rarely 

producing arboreal nests and the predominant producers of ground nests (Yamagiwa 2001; Mehlman 

& Doran 2002). Sexual dimorphism and the significantly larger size of mature males compared to 

female and immature apes plays a significant part in this as the number of potential arboreal nest sites 

is lower for males due to the greater support required from the nest trees as with greater body mass 

the chance of injury through nest failure greatly increases (Yamagiwa 2001; Koops et al. 2012b). 

However, though both orangutans and gorillas show significant levels of sexual dimorphism in terms of 

body mass, this is much less pronounced in chimpanzees and bonobos and so may not have as much of 

an effect upon nest site selection for either species (Richmond & Jungers 1995). Alternatively, the 

higher incidence of ground nesting in male chimpanzees and bonobos could have arisen due to mate 

guarding behaviours with males building ground nests beneath the arboreal nests of females in oestrus 

as has been observed in bonobos (Fruth & Hohmann 1993) and has been suggested for chimpanzees in 

Nimba (Koops et al. 2007). Later research by Koops et al. (2012b) however found no support for this 

theory as many of the pairs of elaborate ground nests and arboreal nests were either produced by  the 

same male or maternally related males and suggested that mate guarding still may occur but that 

ground nesting may be as originally hypothesised a method of reducing risk of injury through nest 

failure.  

1.2.3 Nest site selection 
Nest tree selection is not random but highly selective in orangutans and other apes, with certain tree 

species and tree architecture used preferentially more than others (Ancrenaz et al. 2004a; Stanford & 

hΩaŀƭƭŜȅ нллуΤ tǊŀǎŜǘȅƻ Ŝǘ ŀƭΦ нллфΤ Ǿŀƴ /ŀǎǘŜǊŜƴ Ŝǘ ŀƭΦ нлмнΤ /ƘŜȅƴŜ Ŝǘ ŀƭΦ нлмоΤ {ŀƳǎƻƴ ϧ Iǳƴǘ 

2014). Nest site selection and nest position can be influenced by both comfort and predator avoidance 

with certain nest positions and nest sites lending them to provide either greater comfort and stability 

(Ancrenaz et al. 2004a; Stewart et al. 2007; van Casteren et al. 2012; Cheyne et al. 2013; Samson & 

Hunt 2014) or camouflage and more difficulty of access to a potential predator and easier escape route 

for the nest builder (Sugardjito 1983; Anderson 2000; Pruetz et al. 2008; Stewart & Pruetz 2013). 

Orangutans in highly disturbed areas have been found to prefer nesting in the largest trees available 

and preferential nest trees have been found to have a high rate of reutilisation which could lead to 
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more frequent interactions and competition for ideal nest sites  (Delgado & Van Schaik 2000; Ancrenaz 

et al. 2004a). Nest positions have been linked to ontogenetic difference with smaller, immature 

individuals nesting higher in the tree and using more precarious nest sites to reduce the risk of 

predation whilst larger adults build in lower more stable nest positions (Rayadin & Saitoh 2009; 

Prasetyo et al. 2012). There are also geographic and possibly cultural differences in the preference for 

utilising certain nest positions with orangutans in the highly disturbed peat swamps of Borneo highly 

favouring the tree-tied nest position; where the branches from more than one tree are used to form 

the nest platform (later referred as Position 4 nests), which are rarely used by other orangutan 

populations (Prasetyo et al. 2009; Malone & Strier 2011). This has been suggested to be either a 

product of cultural differences in orangutan nest preferences or a response to the lower density of 

large trees in the sites of Sabangau and Tuanan compared to other forest sites (Prasetyo et al. 2009).  

Ancrenaz et al. (2004b) found Bornean orangutans were significantly preferring nesting in the largest 

available trees in Kinabatangan (KOCP) whilst Cheyne et al. (2013) found that though orangutans were 

preferring smaller trees than  KOCP, orangutans were similarly nesting in the upper canopy at their site 

in Sabangau. Predator avoidance was ruled out as a factor in nest site selection for both studies due to 

the lack of large ground predators in Borneo (Ancrenaz et al. 2004a; Cheyne et al. 2013). Rather than 

predator avoidance both studies concluded that comfort and nest stability were responsible for the 

selection for nests in the upper canopy as larger, more stable trees that were less likely to fall or be 

susceptible to wind sway were selected (Ancrenaz et al. 2004a; Cheyne et al. 2013). In KOCP which is a 

degraded habitat tree fall is common due to abiotic factors such as wind so nesting in the tallest, 

largest trees could be a method of reducing the risk of tree fall and increase the opportunity for high 

quality, relaxed sleep as there is less need to be alert (Ancrenaz et al. 2004b).  Cheyne et al's (2013) 

study further built on this conclusion of preferring the most stable nest site, though unlike in KOCP the 

orangutans in Sabangau were preferring to nest in smaller tree they still preferred to nest in the upper 

canopy but were positively selecting for trees with large trunk diameters and in particular those with 

features such as buttress or stilted roots and large basal areas which help to reduce sway (Nicoll & Ray 

1996; Soethe et al. 2006; Cheyne et al. 2013).  

Our field sites in Sikundur and Sei Betung offer a perfect opportunity to test these hypotheses. Both 

sites are located 10km apart and are classed as lowland dipterocarp forests, with the only difference 

being that Sikundur was selectively logged over 40 years ago and has been allowed to naturally recover 

(Knop et al. 2004; Priatna et al. 2006) whereas Sei Betung was previously an illegal oil palm plantation 

which was clear felled and since been replanted over the last 15 years (Kettle & Koh 2014; Wich et al. 

2016b; Hartini et al. 2017). This difference in disturbance levels offers a perfect opportunity to test 

whether the availability of large trees does influence the proportions of position 4 nests built by 

controlling for cultural difference as both sites are so close it is possible for individuals to travel 
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between both sites. Furthermore, we are able to test wither disturbance levels or changes to forest 

structure influence nest site selection and test whether in more disturbed sites orangutans prefer to 

build nests in the tallest available trees or if they select the most stable trees as suggested by Ancrenaz 

et al. (2004a) and Cheyne et al. (2013). As tigers are confirmed to be in the area surrounding our field 

sites (Luskin et al. 2017), this therefore also allows us to test the anti-predator hypothesis as unlike in 

both studies by Ancrenaz et al. (2004a) and Cheyne et al.( 2013) predators which are a threat to adult 

orangutans are present.  

1.2.4 Nest reuse 
Nest reuse is relatively common in orangutans when compared to other ape species with published 

numbers for orangutans ranging between 3% in Danum Valley (Kanamori et al. 2017) to 31.9% in 

Birawa in East Kalimantan (Rayadin & Saitoh 2009) whereas for chimpanzees figures range between 6% 

(Stewart et al. 2011) and 13.8% (Plumptre & Reynolds 1997), for gorillas its rarer, between 2.8% 

(Sunderland-Groves et al. 2009) and 4.1% (Iwata & Ando 2007) and extremely rare in bonobos; 0.2% 

(Fruth & Hohmann 1996). This higher rate of nest reuse by orangutans has been posited to be due to 

resource limitations (Rayadin & Saitoh 2009) as orangutans build larger nests than chimpanzees 

(Groves & Sabater Pi 1985) and build nests higher than gorillas (Fruth & Hohmann 1996), thus the 

number of potential nest sites must be lower for orangutans, thereby requiring that nests are reused 

more frequently. The rate of reuse of nests and nest sites in orangutans appears highly variable with 

field site and in particular disturbance levels as more disturbed sites tend to have fewer potential nest 

sites. The loss of potential nest sites explains why sites such as Kinabatangan and Birawa have such 

high rates of reuse (14.6% and 31.9% respectively) (Ancrenaz et al. 2004a; Rayadin & Saitoh 2009) 

when compared to sites with medium levels of disturbance such as Tanjung Putting and Gunung 

Palung National Park (9.51% and 12% respectively) (Johnson et al. 2005; Prasetyo et al. 2012) and less 

disturbed sites like Danum Valley and Ketambe (3% and 6.2% respectively) (Prasetyo et al. 2009; 

Kanamori et al. 2017).  

1.3 Nest position selection 
Nest position selection has been less studied in Sumatra, with Sugardjito's (1983) seminal study 

reporting that Sumatran orangutans prefer nesting higher in the canopy and within larger trees. 

Because of the presence of Sumatran tigers and dholes this may be an anti-predatory response as well 

as comfort and stability driven. Nest heights and nest tree heights do appear to be generally higher in 

Sumatra than Borneo for both day and night nests (Prasetyo et al. 2009). Studies by both Rayadin & 

Saitoh (2009) and Prasetyo et al. (2012) found that immature Bornean orangutans nest higher within 

the canopy than adults and tended to build smaller nests nearer to the ends of branches. Immature 

orangutans are more vulnerable to predation by arboreal predators such as pythons and clouded 

leopards due to their smaller size (Rijksen 1978; Wilting et al. 2006; Matsuda et al. 2008) therefore 

nesting higher in a tree and in more peripheral positions reduces the chances of both being seen or 
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attacked by these predators. Large adult orangutans are generally too large for either of these 

predatory species to normally be able to kill (Rijksen 1978; Wilting et al. 2006; Matsuda et al. 2008) so 

for adults comfort and stability is more important as the higher and more precarious branches used by 

the immatures are incapable of supporting the weight of a fully grown adult. Both Rayadin & Saitoh 

(2009) and Prasetyo et al. (2012) found that adults nested lower in the tree than juveniles, built larger 

nests and in more stable locations closer to the stem.  

Building nests higher in the canopy also provides further benefits beyond predator avoidance, 

including possible increased comfort through a reduction in airborne parasite numbers (Prasetyo et al. 

2009; Stewart 2011b) though Koops et al. (2012b) were unable to find evidence for mosquito densities 

differing with height or altitude but this may have been due to limited sample sizes and may have been 

true for one site but not all field sites. Nests may offer mosquito repellent properties through the 

release of chemicals or aromas which deter mosquitoes via the breaking of branches and the chemical 

properties of the nest tree (Stewart 2011b), as orangutans have been observed nesting in trees with 

mosquito repellent properties (Largo et al. 2009) and carrying leaves and branches from such trees to 

line new nests (Kuze et al. 2011), so the anti-vector hypothesis cannot be discounted but may be less 

associated with nest position and more with nest site selection.  Nesting higher within the tree has also 

been suggested to improve comfort through reduced humidity, however nesting very high within the 

canopy or above the level of the surrounding canopy presents a drawback of increased exposure to the 

wind and rain, with increased wind speeds and strength causing greater branch sway which would 

increase sleep disturbance and risk of branch failure (Samson & Hunt 2012). Nest height generally 

seems to be linked to the height of the nest tree and this may differ across sites due to differing forest 

structures and tree heights (Prasetyo et al. 2009; Badji et al. 2017).  

 

 

Generally there are five widely accepted nest positions utilised by orangutans including ground nests 

(position 0) (Prasetyo et al. 2009; Orangutan Network 2015). These five positions are based upon the 

Figure 1-3 Nest positions of orangutans as proposed in the University of Zurich Orangutan Network standardised field 
methods (University of Zurich 2015) 
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ƴŜǎǘǎΩ ƘŜƛƎƘǘ ŀƴŘ ǇƭŀŎŜƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ŎǊƻǿƴ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ Ƴŀƛƴ ǎǘŜƳΦ tƻǎƛǘƛƻƴ м ƴŜǎǘǎ ŀǊŜ ōǳƛƭǘ 

lower in the crown and close or against the main stem. Position 2 nests are built towards the end of a 

horizontal branch and use side branches weaved together to form the platform. Position 3 nests are 

built towards the top of the crown, usually within a fork with no main stem overhead; only smaller 

branches and leaves. Position 4 nests also known as tree tied nests are those where more than one 

tree is used to build the nest, this can either from tying together the branches of trees or using the 

tops of smaller trees and locking these together to form a stable platform (Prasetyo et al. 2009, 2012; 

Orangutan Network 2015).  

The different nest positions may have arisen due to both the extreme sexual dimorphism shown in 

orangutans and changes in body size with age (Markham & Groves 1990), the tree architecture and its 

mechanical properties lending it to a certain nest position or the forest structure making certain tree 

types more or less common and increasing the likelihood of certain nest positions being used. Rayadin 

& Saitoh (2009) noted that young orangutans nested higher and in more peripheral positions whereas 

large flanged males nested lower in the canopy and closer to the stem. Flanged males may therefore 

be limited to only using more stable nest positions such as Position 1 and similar to chimpanzees only 

being able to utilize more peripheral nest positions in larger trees which possess the biomechanical 

strength to support their weight (Hernandez-Aguilar et al. 2013). Position 1 nests being the lowest to 

the ground and closest to the main stem would theoretically be the most stable of all nest positions 

but are also the most easily accessible to a predator, therefore it could be that large adults, in 

particular flanged males may prefer to build nests in this position due to their significantly larger body 

size and reduced susceptibility to predation (Sugardjito 1983; Anderson 2000; Rayadin & Saitoh 2009). 

As Position 1 nests are built lower within the crown if predator avoidance responses are important, it 

should be expected that such nests be built in trees with higher first branch heights as this would both 

effectively increase the potential nest height but also offer a more difficult route to the nest to ground 

predators (Koops et al. 2012a).  

Conversely, Position 2 and 3 nests are built within the periphery of the crown and offer much more 

difficult access to predators, so therefore are more likely to be built by females and younger 

individuals. By being at the end of a branch Position 2 nests have more limited access and approach 

routes (Stewart & Pruetz 2013) but if built within a well-connected tree or one that is close to its 

neighbours also offers an easier escape route (Anderson et al. 1983; Anderson 2000; Rayadin & Saitoh 

2009). Being at the end of a branch though also presents a significant drawback in reduced stability 

and possible increased branch sway and to support the weight of an adult orangutan very large 

branches would be needed. Such large branches tend to be on larger trees and are a rare commodity 

as the production of horizontal branches is expensive due to gravity and needs to be thicker nearer to 

the trunk  (Horn 1971; Rayadin & Saitoh 2009; Hernandez-Aguilar et al. 2013). As significant 
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biomechanical strength is required in the branch to support the weight of an orangutan in more 

peripheral position such as Position 3 nests, it should be expected to find that such nests are built in 

significantly larger trees than other nest positions (Hernandez-Aguilar et al. 2013). In more disturbed 

habitats where large trees have been removed it should be expected that position 3 nests are less 

common or that the few trees remaining which are large enough to support position 3 nests would 

experience significant reuse.  

By being built within a fork Position 3 nests are significantly more stable than Position 2 nests but do 

not offer as easy an escape route (Samson & Hunt 2014). In open savannah areas with large numbers 

of predators chimpanzees have been observed nesting higher within the tree crowns and in many 

cases open crowns with little to no cover above them to reduce the directions from which a predator 

may access the nest or attack (Baldwin et al. 1981; Anderson 2000; Pruetz et al. 2008; Stewart & Pruetz 

2013; Badji et al. 2017). If this behaviour translates to orangutans then it should be expected to find 

more Position 3 nests in more open forests and in areas where predators are present, and thereby 

more frequently in Sumatra than Borneo, also given orangutans preference for nesting in the upper 

canopy this should be one of the most commonly used nest positions (Ancrenaz et al. 2004a; Prasetyo 

et al. 2009, 2012; Cheyne et al. 2013). 

In most forests Position 4 nests are rarely used by Sumatran orangutans with the other three positions 

generally being used in similar proportions despite differences in forest structure and habitat type such 

as in the two Sumatran sites of Ketambe (dryland forest) and Suaq Balimbing (peat swamp) (Prasetyo 

et al. 2009). However, orangutans at two peat swamp sites in Kalimantan (Sabangau and Tuanan) show 

significant preferences for building Position 4 nests and build these much more frequently than the 

other positions, in particular Position 3 nests. It has been theorised that this could be a product of the 

forest structure and a paucity of larger nest trees due to logging which has occurred at both sites or 

could be due to geographic and species differences or cultural differences in nest position preference 

(Prasetyo et al. 2009).  

1.4 Nests as tools for informing conservation and management strategies 
The nests of orangutans provide a useful tool to gauge orangutan population densities and with the 

long-term monitoring of these nests assess the health of the population (van Schaik et al. 1995; 

Hashimoto 1995; Johnson et al. 2005; Cattau et al. 2015). The densities of nests can also provide 

information on habitat preference and on the impacts of anthropogenic disturbance such as hunting, 

logging (Hardus et al. 2012b; Marshall et al. 2006; Husson et al. 2009; Wich et al. 2012; Spehar & 

Rayadin 2017) or abiotic disturbance such as forest fire (Russon et al. 2015). Previous studies have 

shown that orangutans are able to cope with minor disturbance from humans such as low-intensity 

selective logging (Knop et al. 2004; Ancrenaz et al. 2004a, 2004b, 2010; Marshall et al. 2006; Husson et 

al. 2009), but orangutan densities are significantly lower in those habitats experiencing greater levels 
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of disturbance from actions such as more intense logging, land clearance and planting of plantations; 

with these actions having already had sever impacts upon orangutan populations (Rao & van Schaik 

1997; Felton et al. 2003; Husson et al. 2009; Prasetyo & Sugardjito 2011; Cattau et al. 2015; Russon et 

al. 2015; Voigt et al. 2018). Hunting has been found to have a huge influence upon orangutan  numbers 

in the vicinity of settlements that hunt (Marshall et al. 2006; Wich et al. 2012b). The use of 

reforestation sites by orangutans is less well understood (Knop et al. 2004; Wich et al. 2016b; Hartini et 

al. 2017) and understanding how the habitat preferences of orangutans differ across levels of 

disturbance or forest recovery will give invaluable information regarding the value of human led 

reforestation vs naturally recovered forests for orangutans populations and conservation. 

Habitat loss and habitat change driven by the increasing width of human influence and exacerbated by 

climate change are major threats currently pushing orangutan populations closer to extinction 

(Mantyka-Pringle et al. 2015; Ancrenaz et al. 2016; Wich et al. 2016a; Singleton et al. 2017; Voigt et al. 

2018). Understanding how habitat change affects orangutans and how they utilise this space is key to 

developing effective conservation and management plans to ensure their continued survival (Levin 

1992). Due to the long period of time that orangutan nests are visible and the fact that orangutans 

build new nests daily, they are an extremely useful tool for studying orangutan populations and habitat 

preferences and the effects of anthropogenic disturbance such as hunting and logging (van Schaik et al. 

1995; Russon et al. 2001; Buij et al. 2003; Morrogh-Bernard et al. 2003; Felton et al. 2003; Knop et al. 

2004; Johnson et al. 2005; van Schaik et al. 2005; Mathewson et al. 2008; Spehar et al. 2010; Prasetyo 

& Sugardjito 2011; Wich et al. 2012b; Cattau et al. 2015). Given the continuing deforestation and 

ƛƴŎǊŜŀǎƛƴƎ ǊŀǘŜ ƻŦ ƘǳƳŀƴ ŘƛǎǘǳǊōŀƴŎŜ ŀŎǊƻǎǎ ǘƘŜ ƻǊŀƴƎǳǘŀƴΩǎ ǊŀƴƎŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ƻǊŀƴƎǳǘŀƴǎ 

cope and utilise these changing habitats is crucial to their conservation (Wich et al. 2016; Voigt et al. 

2018).  

!ǎ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ŀǊŜŀǎ ƻŦ ǇǊƛǎǘƛƴŜ ŀƴŘ ǳƴŘƛǎǘǳǊōŜŘ ŦƻǊŜǎǘ ŘƛǎŀǇǇŜŀǊ ŦǊƻƳ ǘƘŜ ƻǊŀƴƎǳǘŀƴΩǎ ǊŀƴƎŜ ŀƴŘ 

gradually their habitat becomes ever more influenced by people it is important to learn and 

understand more about orangutans and how they use the forest and how changes to the forest affect 

them. Orangutans have been found to travel through and forage in plantations but still rely upon 

natural forests for sleeping, resting and feeding as diets in less disturbed forests are likely to have 

higher nutrients quality compared to what is available in many plantations such as oil palm fruits and 

the cambium of Acacia magnium trees (Meijaard et al. 2010; Campbell-Smith et al. 2011a, 2011b; Wich 

et al. 2012a; Ancrenaz et al. 2016; Spehar & Rayadin 2017). Understanding how orangutans utilise 

recovered sites and reforestation site will help to provide further information for conservation 

managers for determining the value of disturbed lands surrounding protected areas as a potential to 

expand orangutan habitats to further promote conservation efforts.  
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1.5 Threats ς habitat loss, degradation, conflict and hunting 
Though the world may be home to a vast diversity of life, these species are not uniformly distributed 

across its surface, instead some regions are biodiversity hotspots holding significantly higher than 

average species densities and rates of endemism than others (Myers et al. 2000; Brooks et al. 2002). 

Four of the 25 global biodiversity hotspots are found in South East Asia: Sundaland, Wallacea, the 

Philippines and Indo-Burma, showing the importance and value of this region of the world to global 

biodiversity aƴŘ ǊƻƭŜ ŀǎ ŀ άǘǊǳŜ ǊŜǎŜǊǾƻƛǊέ ƻŦ ōƛƻŘƛǾŜǊǎƛǘȅ (Myers et al. 2000; Evans 2016). Though South 

East Asia may be a reservoir for biodiversity, it is also one of the most threatened regions, currently 

experiencing the rapid loss of primary forest habitat through human disturbance and conversion for 

agriculture and timber and mineral extraction. This rapid habitat conversion is likely to result in 75% of 

forests lost and a 40% reduction in biodiversity in South East Asia by the year 2100 (Sodhi et al. 2010).  

The principal causes for this rapid conversion of forest lands is the rapid increase in the human 

ǇƻǇǳƭŀǘƛƻƴ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ǘǿƻ ŎŜƴǘǳǊƛŜǎΩΣ ŀƴŘ ǘƘŜ ŜǾŜǊ-increasing global demand for food and products 

(Meyer & Turner II 1992; Laurance et al. 2014). The population of South East Asia in particular has seen 

extremely rapid population growth, with the regional population in 1800 totalling around 30 million, 80 

million in 1900, 524 million by the year 2000 and currently at 660 million in 2019 (Jones 2013; 

Worldometers.info 2019). This rapid increase in human population has brought with it an increased 

pressure upon the environment through populations seeking resources in terms of space for urban 

areas, the expansion of agriculture for food and cash crops along with the extraction of resources such 

as coal, precious minerals and ore from the ground and timber from the forests (De Koninck & Dery 

1997; Sodhi et al. 2004; Alvarez-Berríos & Mitchell Aide 2015; Drescher et al. 2016). This increase in 

deforestation, agriculture and resource exploitation is fuelled by the global demand for these products 

originating from these tropical lands such as the demand for tropical hardwoods in China (Kaplinsky et 

al. 2011), palm oil in China and India (Hansen et al. 2015), gold and other precious metals and gems 

driven by the constant annual rate of increase in international gold prices (Swenson et al. 2011; 

Alvarez-Berríos & Mitchell Aide 2015; Akpalu & Parks 2018) and the increasing global demand for meat 

and increased meat consumption (Machovina et al. 2015). 

Of all the nations within South East Asia, Indonesia stands out both because of its high levels of 

biodiversity nationally but also because it is currently experiencing the second highest rate of 

deforestation amongst tropical countries behind Brazil (Hansen et al. 2008; Harris et al. 2012; Stibig et 

al. 2013; Abood et al. 2015). Since 1950, Indonesia has lost an estimated 68 Mha (million hectares) of 

its forest land to logging and conversion (Tsujino et al. 2016)  with 0.82 Mha of forest lost per year in 

the decade between the year 2000 and 2010 which accounted for 56% of the total forest loss for South 

East Asia during this time (Stibig et al. 2013; Abood et al. 2015). The planting of monocultures of cash 

crops such as oil palm (Elaeis guineensis), rubber (Hevea brasiliensis), candlenut (Aleurites moluccanus) 
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and fast growing tree species such as Acacia mangium for pulp production along with mixed 

agroforestry operations have been principally responsible for the conversion of forest lands within 

Indonesia (Robertson & van Schaik 2001; Wich et al. 2011a; Voigt et al. 2018). Logging concessions and 

fibre plantations currently account for the largest forest loss in Indonesia with ~6.6 Mha of forest 

having been lost to fibre plantations (pulp and paper), logging concessions, oil palm plantations and 

coal mining in the decade between the year 2000 and 2010 (Abood et al. 2015).   Along with the 

clearance of forests, the structure of the remaining forests is being altered through human actions, in 

particular by selective logging which presents further threats to the species that call these forests 

home, in particular arboreal species such as orangutans (Hall et al. 2003). 

The loss of forests is particularly evident on the island of Sumatra where 70% of its forestands have 

already been converted through intensive forest clearance as of 2010 (Laumonier et al. 2010; Margono 

et al. 2012, 2014; Drescher et al. 2016). Much of the deforestation on Sumatra is associated with prior 

forest degradation (Margono et al. 2012, 2014) with the principal actions causing this degradation 

being agricultural incursions, timber extractions  (Gaveau et al. 2014a; Linkie et al. 2014) and fires 

(Gaveau et al. 2014b; Sloan et al. 2017) with much of this being illegal.  

The rapid rate of forest clearance and land conversion along with the rapidly growing human 

population on Sumatra has serious implications for orangutans (Ancrenaz et al. 2016; Singleton et al. 

2017; Nowak et al. 2017; Wich et al. 2016). The rampant deforestation, logging and land clearance for 

industrialised plantations was found to be responsible for a loss of over 100,000 orangutans on Borneo 

between 1999 and 2015 which accounts for around 50% of the total population (Voigt et al. 2018). The 

orangutans in Sumatra face a similarly bleak future if current predictions for forest loss continue with 

4500 individuals expected to be lost by 2030, a loss of 30% of the total orangutan population on 

Sumatra (Wich et al. 2016a). 

1.5.1  Logging intensity and orang-utan densities 
Areas with more recent or more intense logging have significantly lower orangutan densities than 

those where either the forest has had time to recover, where the logging and disturbance was less 

intense or that were left intact (Rao & van Schaik 1997; Felton et al. 2003; Knop et al. 2004; Husson et 

al. 2009; Prasetyo & Sugardjito 2011; Cattau et al. 2015; Russon et al. 2015). A few studies have found 

that in areas which have experienced low-intensity or selective logging, there is no significant 

difference in orangutan density from that of unlogged areas (Ancrenaz 2004; Ancrenaz et al. 2005; 

Marshall et al. 2006; Husson et al. 2009; Ancrenaz et al. 2010) and similarly in areas which have had a 

significant amount of time to recover since disturbance (>30 years) (Knop et al. 2004).   

The reduction in orangutan numbers associated with medium to high intensity has been suggested to 

be due to a number of factors, the primary reason being due to the changes in forest structure. Those 

changes in forest structure found to most heavily influence orangutan numbers were the removal of 
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large trees and important food species leading to lower fruit availability in these areas reducing their 

carrying capacity for orangutans (Rao & van Schaik 1997; Wich et al. 2004a; Husson et al. 2009; Hardus 

et al. 2012a). Fruit availability, in particular the density of fig trees and soft-pulp fruits is a strong 

predictor of orangutan densities (van Schaik et al. 1995; Buij et al. 2002; Wich et al. 2004b). If these 

important food trees are removed through human actions, it could lead to the collapse of the local 

orangutan population or the movement of orangutans away from these sites, to areas where the fruit 

are still present which could put excess pressure on the food stocks within that habitat.  

Along with the clearance of forests, the structure of what forests remain is being further altered 

through human actions, in particular by selective logging which presents further threats to the species 

that call these forests home (Hall et al. 2003). Selective logging has been found to be associated with 

more homogenous forests with lowered species richness and a more simplified vertical structure 

(Norris et al. 2010). Though selective logging produces significantly less disruption to forest canopy and 

vegetation cover compared to conventional logging methods it still does cause some disruption to and 

small scale-fragmentation of the canopy (Pereira et al. 2002).  The removal of larger emergent trees in 

particular leads to a reduction of continuous canopy and tree density which could possibly affect the 

availability of good nest sites as taller, larger trees were also preferentially selected for nests in Borneo 

(Ancrenaz et al. 2004; Prasetyo et al. 2012; Cheyne et al. 2013). 

In some cases orangutans have been found to use secondary regrowth forests to a greater extent than 

any other mammalian species within the area (Gregory et al. 2012; Spehar & Rayadin 2017). Degraded 

forests such as those which have been selectively logged and those naturally regenerated after forest 

fires are also utilised by orangutans though their densities are lower in the more degraded areas (Rao 

& van Schaik 1997; Felton et al. 2003; Husson et al. 2009; Prasetyo & Sugardjito 2011; Cattau et al. 

2015; Russon et al. 2015). Orangutans have been reported to utilise reforested areas replanted by 

humans, though similarly to in heavily logged areas, they show significant clustering of nests in small 

pockets of the site (Wich et al. 2016; Prasetyo & Sugardjito 2011; Ancrenaz et al. 2004b). Even heavily 

converted areas such as oil palm plantations, paper and pulp plantations and agroforestry areas have 

been found to be utilised by orangutans (Meijaard et al. 2010; Campbell-Smith et al. 2011a; Ancrenaz 

et al. 2015). An assessment by Meijaard et al. in 2010 found unexpectedly high orangutan densities 

within Acacia plantations (planted for paper and pulp) though the authors had concerns as to the long-

term viability of these populations due to the lower food availability. 

 

1.5.2 Hunting and the illegal pet trade 
As the forest is opened up to logging and roads are cut through these forests, the opportunities for 

hunters to enter the forest and reach further into the forest also increases (Husson et al. 2009; Wich et 

al. 2011a). The hunting and capture of orangutans poses a huge threat to the long term survival of 
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orangutan populations as hunting has been found to have a more serious negative impact upon 

orangutan populations than logging and habitat degradation alone (Marshall et al. 2006; Ancrenaz et 

al. 2004; Husson et al. 2009). Hunting has been found to be highly influential upon orangutan densities 

with orangutan numbers being significantly lower near to human settlements known to hunt 

orangutans than those that do not, likely due to the orangutans being removed from those forests and 

not actually avoiding them (Marshall et al. 2006; Wich et al. 2012b). Orangutans are hunted for 

bushmeat, traditional medicine and for the exotic pet trade (Marshall et al. 2006; Wich et al. 2012b; 

Davis et al. 2013; Nijman 2017). Hunting for food occurs most notably in regions where the population 

are majority non-Muslim in parts of North Sumatra and Borneo as for Muslims the consumption of the 

ƳŜŀǘ ƻŦ ǇǊƛƳŀǘŜǎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ άƘŀǊŀƳέ (Rijksen & Meijard 1999; Wich et al. 2011a, 2012b; Davis et al. 

2013). The capture of orangutans, mainly infants for the pet trade occurs in two instances; as a by-

product of the killing of the mother from conflict-killing when found crop raiding in plantations and 

from hunting specifically for the pet trade where hunters deliberately target adult females who they 

kill in order to take the young for the pet trade regardless of whether they were crop-raiding or not 

(Nijman 2009; Campbell-Smith et al. 2010; Wich et al. 2011a; Freund et al. 2017).  

Hunting for trade offers further threats to orangutans due to the number of individuals killed in order 

to capture one young individual for the pet trade, and then the further amount that die in transit to 

the customer which may be both within Indonesia or internationally such as Taiwan prior to 1980 and 

more recently Thailand (Nijman 2009; Nijman et al. 2017). The number of individuals that have died for 

ƻƴŜ ǎƛƴƎƭŜ ƛƴŘƛǾƛŘǳŀƭ ǘƻ ǊŜŀŎƘ ŀ ōƛǊŘ ƳŀǊƪŜǘΣ ǊŜǎŎǳŜ ŎŜƴǘǊŜ ƻǊ Ȋƻƻ ǿŀǎ ǘŜǊƳŜŘ ŀǎ ǘƘŜ άƭƻǎǎ ǊŀǘŜέ 

(Nijman 2005, 2009). Conservative models by Nijman (2005), put this at 2 but more realistic models 

placed this at 4, other sources have suggested loss rates of 2-4 (Rijksen & Meijard 1999) and even up to 

8-10 (Galdikas & Briggs 1999). However, it appears that Bornean orangutans are the species 

predominately traded rather than Sumatran orangutans and Bornean specimens even appear in 

Sumatran markets (Nijman 2009). Also there appears to be a shift in recent years away from the trade 

in apes in Indonesia and increase in the trade in lorises and smaller monkey species (Nijman et al. 

2017). Therefore, the pet trade may be a more minor threat to orangutans in the wild when compared 

to the greater pressures of habitat loss and hunting. 

1.5.3 Vulnerability to extinction 
Orangutans have the longest inter-birth interval and latest weaning age of any great ape and receive 

the longest period of unshared proximity to their mother among the great apes (van Noordwijk et al. 

2009; (van Noordwijk & van Schaik 2005). Their long interbirth interval is one of the primary factors 

which make orangutans so vulnerable to extinction (van Noordwijk & van Schaik 2005; van Noordwijk 

et al. 2009; Jones 2011)Φ hǊŀƴƎǳǘŀƴǎΩ ǎƭƻǿ ƭƛŦŜ ƘƛǎǘƻǊȅ ƳŜŀƴ ǘƘŜȅ ŀǊe highly susceptible to excessive 

mortality or harvest due to the time required to replace lost members (Musick 1999). Large mammal 

species in the tropics such as orangutans are particularly at risk of extinction (Fritz et al. 2009) due to 
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the rapidly increasing human populations in the tropics (Jones 2013; Drescher et al. 2016) and the 

associated increasing rates of habitat loss within the tropics for agriculture, timber and mineral 

extraction to supply to ever increasing global demand for palm oil, timber and other resources (Sodhi 

et al. 2004, 2010; Marlier et al. 2015; Drescher et al. 2016; Hughes 2017). Land cover change is 

expected to have a huge impact on orangutan numbers with climate change and the expansion of 

agriculture as well as a number of large-scale infrastructure projects planned in sensitive areas 

(Struebig et al. 2015; Wich et al. 2016a). Orangutans also face added pressures of hunting (Owens & 

Bennett 2000; Fa et al. 2002; Isaac & Cowlishaw 2004; Collen et al. 2006; Fritz et al. 2009; Hughes 

2017) and fruit shortages due to climate change increasing dry periods and the risk of wildfires 

(Mantyka-Pringle et al. 2015; Jantz et al. 2015; Loo et al. 2015; Hughes 2017; Sloan et al. 2017). 

1.5.4 Orangutans in Sumatra- Leuser Ecosystem and Batang Toru 
The majority of the orangutans on Sumatra, ~89% of the remaining population of Sumatran orangutans 

are to be found within the Leuser Ecosystem in North Sumatra and the remainder in adjacent areas to 

the south (Wich et al. 2011a, 2016a; Singleton et al. 2017).  The separate population of Tapanuli 

orangutans are found in the Batang Toru region to the south of Lake Toba (Nowak et al. 2017; Nater et 

al. 2017). The Leuser Ecosystem is a globally significant conservation area, being of particular 

significance as it is the last remaining ecosystem on Earth where orangutans, tigers, elephants and 

rhinoceros co-occur naturally (Sloan et al. 2018a). Whilst a large portion of the Leuser Ecosystem falls 

within the boundaries of Gunung Leuser National Park and established as a National Strategic Area for 

ecological protection and is therefore protected under Indonesian national law this has still not 

prevented Leuser from experiencing forest loss, anthropogenic disturbance and exploitation of its 

resources both legally and illegally (Wich et al. 2011a; Sloan et al. 2018b). The Leuser Ecosystem is 

currently the subject of infrastructure development plans which are being contested between the 

regional and central governments (Tata et al. 2014).  

aǳŎƘ ƻŦ [ŜǳǎŜǊΩǎ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ǘƘǊŜŀǘǎ ŀǊŜ ōŜŎƻƳƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎŜƴǘǊŜŘ ƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 

the push for infrastrucǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ǇŀǊƪΩǎ ōƻǳƴŘŀǊƛŜǎΦ tŀǊǘ ƻŦ [ŜǳǎŜǊ 

Ecosystem is classed as a UNESCO World Heritage Site (WHS) as the Tropical Rainforest Heritage of 

Sumatra, but since 2011 this has been listed as a World Heritage Site in Danger due to άǎŜǊƛƻǳǎ ŀƴŘ 

ǎǇŜŎƛŦƛŎέ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘǊŜŀǘǎ (GOI 2018; Sloan et al. 2018). These threats include a number road 

building projects which have already had significant impacts upon Leuser by facilitating smallholder 

agricultural encroachment along these roads (Gaveau et al. 2009; Linkie et al. 2014) and a larger 

highway has been planned which would bisect the WHS but it has currently been stayed by the central 

government but a reapplication is pending by North Sumatra province (Sloan et al. 2018a). There are 

also currently plans for building a number of electricity generation plants, hydro-electric dams, 

geothermal power plants and electricity transmission lines within the Leuser Ecosystem (Sloan et al. 

2018a). These numerous threats show how precarious the future prospects for Sumatran orangutans 
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may be as they are slowly pushed into smaller fragments of forest as more is lost to agricultural and 

infrastructural expansion.  

Such infrastructure development projects and the associated habitat fragmentation and habitat loss 

are placing further pressures upon the already Critically Endangered populations of the newly 

discovered Tapanuli orangutan in Batang Toru (Nowak et al. 2017; Sloan et al. 2018b). A number of 

road building projects, the zoning of 14% of habitat for agriculture and eligibility for conversion and the 

proposed building of a hydroelectric dam could flood a further 8% of habitat all threaten to further 

fragment and reduce the little remaining habitat of the Tapanuli orangutan and draw them closer to 

extinction (Sloan et al. 2018b) 

 

1.6 Conclusions 
Given the number of threats facing Sumatran orangutans in particular the rapid loss and conversion of 

their forest habitats to plantations and agroforest landscapes, it is vital to gain as much information 

upon the species ecology as possible. Reforestation projects offer the opportunity to regain what was 

lost but the value of these projects to orangutans and how orangutans utilise such environments is 

little studied (Wich et al. 2016b), as such this project offers the potential to fill this significant gap in 

the literature by offering the first in-depth study of nest site selection and assessment of population 

densities linked to the recovery of the forest structure. The nests built by orangutans offer an 

invaluable method of assessing population densities and habitat use for a species that otherwise is 

relatively difficult to find (Prasetyo et al. 2009; Tagg et al. 2013). As orangutans build nests daily and 

spend significant proportions of their time resting within nests resting (Nowak & Singleton 2016), it is 

important to understand how changes to the forest structure and availability of nest trees influences 

nest site selection and nest reuse. Such information is vital to provide more targeted and informed 

conservation management strategies and developing land management strategies for national parks 

and conservation areas as to better promote the conservation of this species. As much of the previous 

research into orangutan nesting has been focused in Borneo, gaining further information upon 

Sumatran orangutan nesting and the potential differences in nesting habits could also provide further 

information to the evolution and development of the two species. Prior studies on orangutan nest site 

selection have discounted the predation avoidance hypothesis when those previous studies were 

conducted in Borneo where predation pressures are almost non-existent for adult orangutans besides 

from humans, whereas in Sumatra adult orangutans are potential prey for tigers (Sugardjito 1983; 

Ancrenaz et al. 2004a; Cheyne et al. 2013). This study offers the potential to truly test whether 

predation or comfort through improved quality of sleep has greater influence upon orangutan nesting 

in Sumatra. Furthermore, both studies by Ancrenaz et al. (2004a) or Cheyne et al. (2013) failed to 

consider nest positions which as Stewart & Pruetz (2013) noted that by comparing nest positions 
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within trees is it possible to control for other cross-site differences in other variables with may 

influence nest characteristics such as nest height. By investigating nest position as well as nest site 

selection we are able to truly test whether orangutans are building their nests as an anti-predatory 

response and not just knowing which trees are preferred.  

1.7 Thesis Aims and overview 
The overall aim of this study is to examine how forest structure influences Sumatran orangutan nest 

ecology by investigating nest site selection, nest position and orangutan densities in a naturally 

recovered forest and reforestation site. These different aspects were chosen to understand how forest 

structure influences nesting across three scales; the tree the nest is built in (nest tree), nest height and 

Ǉƻǎƛǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ƴŜǎǘ ǘǊŜŜ ŀƴŘ ƭŀǎǘƭȅ ǘƘŜ ƴŜǎǘ ǘǊŜŜǎΩ Ǉƻǎƛǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ƭŀǊƎŜǊ ƘŀōƛǘŀǘΣ ǿƘƛŎƘ ǿƛƭl 

allow us to answer three basic questions: Why is the nest in this area? Why did the orangutan choose 

this particular tree? Why did the orangutan build the nest in that position and height?  

Chapter 1 provides a review of the relevant literature beginning with a brief overview of orangutan 

biology, nesting ecology, nest site selection and nest positions and then cover the threats orangutans 

currently from habitat loss, degradation, conflict with humans and hunting.  Through this literature 

review I will provide relevant background to ensure a contextual setting for each of the data chapters. 

Chapter 2 focuses on nest tree selection and understanding why particular trees are chosen based on 

tree architecture. Aspects of tree architecture are then compared to those within a 5m radius of the 

nest tree and control trees to determine which properties are most important when selecting a nest 

tree.  

Chapter 3 focuses on nest positions and how the architecture of the nest tree and surrounding trees 

influence the positioning of the nest within the crown. By sampling in a relatively intact site and highly 

disturbed site this allowed us to test whether a preference for building nests that utilise multiple trees 

for the frame (Position 4) is due to a paucity of large trees in the area or if it is a geographical/cultural 

difference between orangutan populations and species as was hypothesised by (Prasetyo et al. 2009). 

The confirmed presence of Sumatran tigers in our study area provided our study with the opportunity 

to test whether nest positions were driven by comfort or predator avoidance unlike the previous 

studies from Borneo by Ancrenaz et al. (2004a) and Cheyne et al. (2013). 

/ƘŀǇǘŜǊ пΩǎ ŦƻŎǳǎ ƛǎ ǳǇƻƴ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ŦƻǊŜǎǘ ǎǘǊǳŎǘǳǊŜ ƻƴ ƻǊŀƴƎǳǘŀƴ ƴŜǎǘǎ ƻƴ ŀ ōǊƻŀŘŜǊ ǎŎŀƭŜ ōȅ 

investigating how forest structure influenced the distribution of nests throughout the sites. We 

examine which variables most influence orangutan densities in these lowland dipterocarp forests of 

Sumatra and whether these important variables were the same regardless of disturbance levels or not. 

Chapter 5 summarises and integrates the information from each chapter to give an overview of 

orangutan nest ecology and the influence forest structure has on this. Lastly this study is placed in the 
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context of management, conservation and conflict implications in terms of the orangutan populations 

in the lowland forests of North Sumatra. Information gaps and areas which demand further research 

attention are also highlighted.   
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Chapter 2: Nest site selection in Sumatran orangutans (Pongo 

abelii) in the disturbed lowland dipterocarp forests of North 

Sumatra 

John P.D. Abernethy, Matt G. Nowak, Rio Ardi, Rosanna Consiglio, Helen D. Slater, Amanda H. 

Korstjens, Ross A. Hill, Serge A. Wich 

Intended to be submitted to Journal of Behavioural Ecology or American Journal of Primatology 

2.1 Introduction 
Nest building is a behaviour shared by all great apes (Goodall 1962; Mackinnon 1974; Sugardjito 1983; 

Fruth & Hohmann 1993, 1996; Tutin et al. 1995; Prasetyo et al. 2009) with adults building new nests 

almost daily (van Casteren et al. 2012). A number functions for nest building have been hypothesised 

including; improving sleep quality through comfort, improved thermoregulation, biting insect 

avoidance and reducing the risk of predation (Anderson 1984, 1998).  

One of the most important functions a nest offers is improved physical comfort whilst sleeping through 

the provision of a comfortable platform to sleep on and cushioning through the weaving of small 

branches and addition of soft leaves (Goodall 1962; Van Lawick-Goodall 1968; Stewart et al. 2007; 

Prasetyo et al. 2009, 2012). Secondly nests offer protection from adverse weather conditions such as 

rain and strong winds (Goodall 1962; Kano 1982; Anderson 1984; Prasetyo et al. 2009; Cheyne et al. 

2013) as well as avoiding the wet and damp ground in wetter habitats or during rainy seasons (Remis 

1993). Improving quality of sleep through comfort could be considered one of the primary functions of 

nest building as the provision of a comfortable platform to sleep on allows for higher quality rest and 

sleep by reducing disturbances in the night and reducing strain on the musculature (Fruth & Hohmann 

1996; McGrew 2004; Stewart 2011b; van Casteren et al. 2012). Nests produced by orangutans are 

considered to be the most complicated in design of all ape nests, and related to comfort can include 

features such as pillows, blankets, roofs or a second bunk nest which improve comfort and protection 

in the case of bunk nests for young individuals (MacKinnon 1971; Anderson 1984, 1998; Russon et al. 

2007; Prasetyo et al. 2009; van Casteren et al. 2012). Those nests with more complicated designs have 

been found to lead to better, more high quality sleep in orangutans (Samson & Shumaker 2013). 

 Sleeping in arboreal nests also potentially offer improved thermoregulation by aiding in the reduction 

of heat loss at night and avoiding higher day time temperatures and humidity (Anderson 1984, 1998; 

Fruth & Hohmann 1993; McGrew 2004; Stewart 2011b; Prasetyo et al. 2012; van Casteren et al. 2012; 

Koops et al. 2012a). However, research by Samson & Hunt (2012) found that compared to ground 

nests, arboreal nests actually experienced greater temperatures, wind sway and heat stress but 

experienced much lower humidity levels. Koops et al. (2012) found that nest site selection of 
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chimpanzees in the rainforest habitat of Seringbara appeared to be primarily driven by humidity 

avoidance, with nests being built higher in the trees during the wet season as higher nests allowed for 

higher temperatures but lower humidity, reducing the threat of heat loss due to the rain. Avoiding 

higher humidity in rainforest environments would be more beneficial to an individuals comfort and 

health as high humidity reduces the efficiency of heat loss through evaporation and conversely in 

colder temperatures high humidity increases heat loss through convection (Bell & Greene 1984). As 

ōƻǘƘ ŜȄǘǊŜƳŜǎ ƻŦ ƘŜŀǘ ŀƴŘ ŎƻƭŘ ǿƻǳƭŘ ƛƴŦƭǳŜƴŎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƻƳŦƻǊǘ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ǎƭŜŜǇΣ L ŘŜŎƛŘŜŘ 

to include aspects of thermoregulation such as nest height and canopy closure above the nest as part 

of the overall sleep comfort hypothesis.   

 Nests also offer protection from biting insects and disease vectors such as mosquitoes by acting as 

physical barriers to such vectors (McGrew 2004; Nunn & Heymann 2005; Prasetyo et al. 2009; Stewart 

2011b; van Casteren et al. 2012). Furthermore, certain tree species used for nesting could also have 

chemical properties which act as repellents to mosquitoes and other biting insects as well (Stewart 

2011b; Samson et al. 2013; Samson & Hunt 2014). Both chimpanzees and orangutans have been 

observed to preferentially nest in trees known to have mosquito repellent properties (Largo et al. 

2009; Samson et al. 2013). At some field sites orangutans have also been observed carrying leaves and 

branches from previous nests to line new nests, some of these may be branches from tree species 

which have mosquito repellent properties (Russon et al. 2007, 2009b; Kuze et al. 2011). Empirical 

testing by Stewart (2011) found that the researcher was bitten significantly less by mosquitoes and 

other biting insects when sleeping in an arboreal nest as opposed to sleeping on the ground. Koops et 

al. (2012) however in their research into the nesting habits of chimpanzees in Seringbara found no 

evidence to support the anti-vector hypothesis, however this is a single study and site differences in 

climate, predation pressures and human pressures have all been found at different sites to be 

significant predictors of nest site selection (Pruetz et al. 2008; Koops et al. 2012a; Last & Muh 2013; 

Tagg et al. 2013). However, such doubts and the difficulties that Koops et al. (2012) experienced in 

trapping mosquitoes as well as the lack of botanical knowledge to know whether any of the plant 

species at our field sites had mosquito repellent properties meant that I did not further investigate this 

ƘȅǇƻǘƘŜǎƛǎ ōǳǘ L ŘƛŘ ƴƻǘ ŘƛǎŎƻǳƴǘ ƛǘΩǎ ǇƻǘŜƴǘƛŀƭ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ƴŜǎǘ ǎƛǘŜ ǎŜƭŜŎǘƛƻƴΦ  

 The other and probably most important function of nests along with improving comfort is reducing the 

threat of predation whilst the nest builder rests or sleeps, this works by both camouflaging the animal 

as it rests by shielding it from view and breaking up its silhouette with the leafy structure of a nest, 

secondly and most importantly, arboreal nesting reduces access for predators to approach the sleeping 

nest builder (Sugardjito 1983; Pruetz et al. 2008; Stewart & Pruetz 2013). Nests produced by 

chimpanzees have been observed to have such anti-predatory adaptations such as having escape 

routes (Baldwin et al. 1981; Anderson et al. 1983), building the nest near to the forest edge or over 
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ǎǘǊŜŀƳǎ ƻǊ ƎǳƭƭŜȅΩǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ƴŜǎǘ (Van Lawick-Goodall 1968) and in 

savannah habitats building higher nests with less overhead vegetation and more clumped together as a 

group which could be seen as methods of reducing the ability for nocturnal predators to approach or 

kill an individual unseen (Baldwin et al. 1981). Further to this, chimpanzees in Issa have been found to 

select trees that are both taller and larger and with higher first branch heights than other suitable trees 

in the vicinity thereby reducing access to ground predators (Stewart & Pruetz 2013; Hernandez-Aguilar 

et al. 2013).  

 Adult orangutans and other great apes have very few natural predators due to their large body size, 

but they are still at risk of predation from a small number of species including large pythons (Python 

reticulatus), Sunda clouded leopards (Neofelis diardi), Sumatran tigers (Panthera tigris sumatrae) 

(Mackinnon 1974; Sugardjito 1983; van Schaik & van Hooff 1996; Rijksen 1978) and for the African ape 

species leopards (Panthera pardus) (Boesch 1991; Fay et al. 1995; Stewart & Pruetz 2013) and lions 

(Panthera leo) (Tsukahara 1993) are the main potential predators. However low the potential risk of 

predation, the potential impact predation can have upon apes and their populations would warrant 

taking such precautions. Orangutans along with all other apes have long life-histories, in particular they 

are slow to mature and reach reproductive age and have long inter-birth intervals due to the need for 

extended maternal care (van Noordwijk & van Schaik 2005; Jones 2011; Stewart & Pruetz 2013). This 

long life history of apes makes them particularly susceptible to the pressures of excessive mortality 

through predation and hunting due to the time required to replace lost members (Musick 1999). 

Therefore though the risk may be low, and building arboreal nests may expend more energy than 

building ground nests the effort may be worth reducing such a risk which could threaten a populations 

health.  

Ground nesting is extremely rare in orangutans and is predominantly observed in large male 

orangutans and only for Bornean orangutans and is completely unheard of in Sumatra (Ashbury et al. 

2015). This  likely due to the greater number of ground predators in Sumatra where Sumatran tigers, 

dhole (Cuon alpinus sumatrensis) and clouded leopards are all still present, whereas clouded leopards 

are the only one of these three species found on Borneo (Brodie & Giordano 2013). Large adult 

orangutans are generally too large to be predated on by clouded leopards but juveniles are within the 

size category of their preferred prey. Clouded leopards have been recorded preying on proboscis 

monkeys (Nasalis larvatus) which are comparable in size to juvenile orangutans (Wilting et al. 2006; 

Matsuda et al. 2008). Adult orangutans however do fall into the preferred prey sizes for tigers 

(Hayward et al. 2012b), as such there is greater potential for predation in Sumatra with body size not 

offering protection as in Borneo which may explain why ground nesting is so rare in Sumatra. 

 The presence of large herbivores, in particular elephants may also contribute to the rarity of ground 

nests in Sumatra as well as Borneo. Western gorillas (Gorilla gorilla) in Gabon have been observed to 
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select nest sites which minimise disturbance by elephants (Loxodonta cyclotis) (Tutin et al. 1995; 

Anderson 1998). It could be posited that avoiding disturbance by elephants which are present in both 

Sabah (Elephas maximus borneensis) and Sumatra (E. maximus sumatrensis) could also play a part in 

nest site selection as the majority of reports of ground nesting in orangutans come from Kalimantan 

where Bornean elephants are absent as are the ground predators found in Sumatra (Choudhury et al. 

2008; Ashbury et al. 2015). 

Though the how (Goodall 1962; Fruth & Hohmann 1996; van Casteren et al. 2012) and why apes build 

nests (Anderson 1998; Stewart et al. 2007, 2011) is relatively well studied, the factors influencing the 

selection of nest sites is still relatively understudied especially when comparing previous research on 

orangutans against the African great apes (Prasetyo et al. 2009; van Casteren et al. 2012). Orangutan 

nest site selection is known to be selective as certain tree species have been observed to be more 

preferred than others with the most common tree species not always being the one used most often 

for nesting (Ancrenaz et al. 2004; Prasetyo et al. 2010; van Casteren et al. 2012; Cheyne et al. 2013). 

One of the most widely reported aspects of orangutan nest site selection is the avoidance of nesting in 

fruiting trees  (Sugardjito 1983; Anderson 2000; Prasetyo et al. 2009, 2012; van Casteren et al. 2012). 

This has been linked to both predator avoidance (Sugardjito 1983) as well as avoiding disturbance from 

other orangutans as well as other frugivorous species such as macaques, binturong and fruit bats 

(Sugardjito 1983; Anderson 1998; Prasetyo et al. 2012; Colon & Campos-Arceiz 2013) as well as biting 

insects such as ants (Whitten 1982).  

In recent years there have been a number of studies which focused more upon nest site selection and 

how the structural properties of the tree may influence this. For example, van Casteren et al. (2012) 

investigated the mechanical design and architecture of nests and found that there was a certain 

amount of engineering ingenuity, technical knowledge and choice in the construction of nests as more 

compliant branches were used in the centre and stronger ones used in the edges which may help 

improve both comfort and safety. Cheyne et al (2015) investigated nest site selection in Sabangau and 

found that there was a selectivity for trees belonging to the Anacardiaceae and Elaeocarpaceae 

families. Their study also found that comfort and stability seemed to drive nest site selection more 

than predator avoidance with trees exhibiting properties that would provide greater stability being 

preferred. A significant preference for nesting in trees with buttress or stilted roots, larger than 

average DBH and large basal areas were found by Cheyne et al (2013). Orangutans in Sabangau were 

found to avoid nesting in extremely tall trees, but the height at which they built their nests was within 

the upper canopy (Cheyne et al. 2013). These properties help to reduce sway in the wind and provide 

greater nest stability (Nicoll & Ray 1996; Soethe et al. 2006). Another paper which examined nest site 

selection of orangutans was that by Ancrenaz et al. (2004) who studied nesting behaviours in a 

disturbed forest in Sabah, Malaysia. Ancrenaz et al. (2004) found that nest site selection was 



Page | 40  
 

influenced by the forest structure and composition with nests being built in the tallest trees available. 

Further to this, in the most disturbed areas, nest tree reuse or trees with multiple nests were found in 

greater frequencies than in less disturbed sites, nest tree reuse is highly variable between study sites 

though there does appear to be link between disturbance levels and increased nest site reuse (Rayadin 

& Saitoh 2009; Kanamori et al. 2017). Similar to these studies, in this study our aim is to understand 

what the principal drivers of nest site selection are for Sumatran orangutans and how these may be 

influenced by the structural properties of the trees within the site and how changes to forest structure 

may then alter nest site preferences.  

Understanding how human disturbance influences forest and tree structure and nest site selection is 

crucial as currently Indonesia is experiencing the second highest rate of deforestation amongst tropical 

countries. Of all the regions within Indonesia, Sumatra in particular stands out as 70% of its forested 

area having now been converted into plantations and agricultural lands through intensive forest 

clearance as of 2010 and with some Sumatran provinces having lost nearly 50% of their forest cover 

between 2000 and 2012 (Margono et al. 2012; Supriatna et al. 2017). Forests are being cleared for 

conversion to agriculture and oil palm plantations as well as being affected by the extraction of 

valuable timbers through both clear felling and selective logging (Hall et al. 2003; Abood et al. 2015). 

Selective logging has been found to be associated with more homogenous forests with lowered species 

richness and a more simplified vertical structure (Norris et al. 2010). The removal of larger trees in 

particular leads to a reduction of continuous canopy and tree density which could possibly affect the 

availability of good nest sites as these taller, larger trees were found to be preferentially selected as 

nest sites in Borneo (Ancrenaz et al. 2004a; Prasetyo et al. 2012; Cheyne et al. 2013).  

Ancrenaz et al. (2004) found that an increase in disturbance and the removal of preferred nest trees 

increases selection pressure on the remaining potential nest trees and increases the probability that 

orangutans will need to reuse nest trees or build in trees which already contain nests. This in turn 

could lead to a change in the shape or structure of the crown through the bending, breaking and 

healing of branches, creation of forks and other deformities which could lead to an even greater rate of 

reutilisation due to the increase in these useful properties (Stewart et al. 2011). Ancrenaz et al. (2004) 

observed this in a highly disturbed forest in Sabah and noted an increase in the reutilisation of these 

altered trees by the same or different individuals which lŜŘ ǘƻ ŎǊŜŀǘƛƻƴ ƻŦ άǾƛƭƭŀƎŜǎέΦ The increased 

reuse of nest sites due to these changes in crown structure which allow for easier nest creation is a 

ŦƻǊƳ ƻŦ άƴƛŎƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴέ ŀƴŘ Ƙŀǎ ǎƛƳƛƭŀǊƭȅ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ŎƘƛƳǇŀƴȊŜŜǎ (Stewart et al. 2011). 

This increase reutilisation of nest sites and formation of villages could lead to what is normally a semi-

solitary species being forced to come into contact more frequently with other individuals (Delgado & 

Van Schaik 2000). Furthermore, in disturbed habitats these modified trees may be highly utilised by the 

orangutans there and the removal of these trees may have a much more significant impact upon the 
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orangutans through the reduction of potential nest sites when compared to selective logging in less 

disturbed sites. With the close proximity of our field sites but differing levels of disturbance we are 

able to test whether nest site reuse is influenced by disturbance levels and control for cultural and 

species differences in preference patterns.  

As forests in Sumatra become increasingly degraded through logging the importance and need for 

understanding how orangutans cope with this habitat change becomes greater. Understanding and 

being able to quantify how changes to forest structure and composition can affect nest site selection 

can provide vital information for developing informed conservation strategies for orangutans. 

Currently much of the focus of habitat protection for great apes is focused upon the protection of 

important food species and generally disregards the importance of understanding the value of 

άǉǳŀƭƛǘȅέ ƴŜǎǘ ǘǊŜŜǎ (Morgan & Sanz 2007). Therefore, being able to understand and quantify which 

trees are most important for nesting can provide information which can be implemented into 

conservation management plans and by land managers to protect these potentially useful nesting trees 

which will in turn further aid the conservation of these critically endangered apes.  

A limitation of the previous papers which have investigated nest site selection is that nest trees have 

been compared to trees from random plots or transects across the forest which in many cases can 

include trees from parts of the forest where orangutans may not visit at all or are completely unlikely 

to use (Ancrenaz et al. 2004a; Prasetyo et al. 2012; Cheyne et al. 2013). Our aims are to investigate and 

determine what variables are most important in nest site selection by comparing the parameters for 

the nest tree against both the average forest trees as other papers have done, along with those trees 

within 5m of the nest tree which are of equal opportunity to be used as a nest tree, therefore 

providing a more appropriate comparison to understand nest site selection. As well as understanding 

general nest site selection our study investigated whether or how this differs with levels of human 

disturbance. Our field sites are a recovered forest and a recently reforested site on Sumatra 

(Indonesia) which will provide a comparison between both high and low levels of disturbance and 

allow us to better understand how orangutans cope with increased habitat fragmentation and forest 

loss in relation to nesting. As much of the previous studies into orangutan nesting have been 

conducted on Borneo, they have tended to conclude that comfort is what drives orangutan nest site 

selection as opposed to anti-predation, in this study we will also consider the properties of the nest 

trees and how these may link to both drivers.  

2.1.1 Hypotheses: 

¶ Given the different histories of each site, we expect to find significantly different forest 

structure with Sikundur having a higher proportion of tall trees with large DBH and large 

crowns.  
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¶ As the sites are expected to have significantly different forest structures, we expect the nest 

site selection patterns and nest trees to differ significantly between sites, with the reduced 

availability of potential nest sites influencing orangutan selection patterns.  

¶ As tigers are known to be in the vicinity of our field sites (Luskin et al. 2017) we expect to find 

few if any ground nests at either field site.  

¶ Furthermore, we expect to find nest sites selected that have properties that support the anti-

predator hypothesis, in particular a greater preference for nesting in taller trees and trees with 

higher first branch heights than what is otherwise available at each site. 

¶ Following form this point, the expected outcome from the model averaging is to find that FBH 

and tree height are the most influential variables in the models for predicting nest site 

selection. 

¶ As Sei Betung has been reforested rather than naturally recovered we expect there to be lower 

diversity of tree species and thereby orangutans utilising fewer nest tree species than in 

Sikundur. However, we expect orangutan to be less selective of nest tree species in Sei Betung 

due to the reduced availability of potential nest sites.  

¶ Finally, as the number of potential nest sites in Sei Betung should be lower than in Sikundur, 

we expect to find a higher incidence of nest site reuse or multiple nests built in single trees in 

Sei Betung than Sikundur.  

 

2.2 Methodology 

2.2.1 Study Sites 
¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘǿƻ ŦƛŜƭŘ ǎƛǘŜǎΤ {ƛƪǳƴŘǳǊ ŀƭǎƻ ƪƴƻǿƴ ŀǎ {ŜƪǳƴŘǳǊ όоϲмΩbΣ фуϲлнΩ9ύ ŀƴŘ 

Resort Sei .ŜǘǳƴƎ όпϲоΩbΣ фуϲлтΩ9ύΦ .ƻǘƘ ǎƛǘŜǎ ƭƛŜ ƛƴ ǘƘŜ Ŝŀǎǘ ƻŦ DǳƴǳƴƎ [ŜǳǎŜǊ bŀǘƛƻƴŀƭ tŀǊƪ ŀƴŘ ǘƘŜ 

Leuser Ecosystem in the Langkat district of North Sumatra (Knop et al. 2004; Wich et al. 2008; Marshall 

et al. 2010; Hartini et al. 2017; Szantoi et al. 2017). Sikundur is an area of diverse mixed dipterocarp 

lowland forest that also possesses rich alluvial forest along the rivers, with part of it having been 

subjected to selective logging over 40 years ago (de Wilde & Duyfjes 1996; Knop et al. 2004; Priatna et 

al. 2006; Wich et al. 2008b). The research station in Sikundur is currently managed by the NGO SOCP 

(Sumatran Orangutan Conservation Programme) with field assistants conducting daily follows of 

orangutans for behavioural research. Sei Betung is a former illegal oil palm plantation that has been 

actively restored and reforested through the planting of 500,000 seedlings of 97 indigenous tree 

species across an area of 250 ha (Kettle et al. 2014). Sei Betung is managed by the NGO OIC (Orangutan 

Information Centre) who are leading the reforestation work at the site and are beginning to study the 

orangutans there. The two sites are approximately 9km apart but differ considerably with Sikundur still 

having stands of primary forest and selectively logged areas which have had over 30 years to recover 
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(Knop et al. 2004; Priatna et al. 2006; Marshall et al. 2009) whilst Sei Betung is nearer to the start of its 

recovery with replanting first began in 2007 and the complete removal of oil palms from the site in 

2012 (Kettle et al. 2014).  Data collection was undertaken February-August 2015 and March-September 

2016.  

 

2.2.2 Data collection 
Transects were used for sampling nests and vegetation in both Sikundur and Sei Betung, 30 500m 

transects were conducted in Sikundur and 9 1000m transects were used in Sei Betung. Transects in 

Sikundur were set out using a stratified random grid with the first point being placed randomly with 

transects being laid on a north-south bearing using the initial point as the southern end of the first 

transect. The transects were then arranged around this first one being spaced at 300m intervals to the 

east and west and separated by 150m to the north and south. Transects were placed to ensure that 

none were split by the Besitang river. The transects were also placed equally according to underlying 

land units identified by Laumonier, 1997 which were hills, plains and alluvial, with 10 transects being 

placed in each land unit (see Fig 3.1). These were characterised by slope, elevation and soil profile with 

the plains and alluvial areas having experienced greater levels of exploitation in the past due to their 

greater accessibility (Laumonier 1997; Consiglio 2015; Slater 2015). Due to the disturbance that cutting 

new transects would bring to the Sei Betung study site nine existing transects of 1km length were used, 

these were 150m apart to the east and west and ran parallel to each other on a north west-south east 

bearing. The distances set between each parallel transect and the length of the transects was designed 

to prevent an overlap of observations and with the intention of optimizing the trade-off between 

having a large number of independent samples and ensuring that transects were long enough to 

minimise the potential biases due to spatial heterogeneity from such things as the clumping of 

orangutan nests or variation in habitat and structure along the transect (Johnson et al. 2005). Transects 

were cut along these lines irrespective of topography or vegetation to ensure that they adhered to the 
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line-transect method assumption that all transects be placed randomly in respect to terrain and were 

able to cover a representative sample of both field sites (Buckland et al. 2001; Mathewson et al. 2008).  

2.2.3 Vegetation survey 

Forest structure data were collected by the first author (John Abernethy), Rosanna Consiglio and Helen 

Slater together with field assistants fǊƻƳ ǘƘŜ ǇŀǊǘƴŜǊ bDhΩǎ ό{h/t ƛƴ {ƛƪǳƴŘǳǊ ŀƴŘ hL/ ƛƴ {Ŝƛ .ŜǘǳƴƎύΦ 

Data was collected across 30, 500m long transects in Sikundur and 9, 1000m long transects in Sei 

Betung. Forest structure transects were conducted once at each field site. Data were collected at 50m 

intervals along each transect using the point centre quarter method (PCQM) (Cannon & Leighton 1994; 

Ganzhorn et al. 1997; Ganzhorn 2002; Manduell et al. 2012). Each sampling point was split into four 

ǉǳŀŘǊŀƴǘǎ ǎŜǘ ŀǘ флɕ ǘƻ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ǇŜǊpendicular to the transect. For each point the nearest tree 

with a diameter at breast height (DBH) >10cm (measured at 1.3m above the ground) was sampled with 

the distance to the centre point being recorded for each quadrant. GPS points were collected at each 

sampling point with a Garmin GPSmap 60Cx to ensure that transects were following the correct 

predetermined paths and that nest transects followed this pathway accurately. 

For each of the sampled trees the height of the crown was measured to the nearest 0.1m using a Nikon 

Forestry Pro rangefinder by aiming the laser at the highest possible leaf of the tree. Along with tree 

height, first branch height was also recorded by measuring to the base of where the first branch 

Figure 2-1. Locations of Sikundur and Sei Betung in North Sumatra. Both 
sites lie within the boundaries of Gunung Leuser National Park 
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attached to the trunk using the rangefinder. These two measurements are used to obtain crown size 

and are also used to calculate the crown volume.  Crown size was calculated using the formula: 

 ὅὶέύὲ ίὭᾀὩ ὧί ὝὶὩὩ ὬὩὭὫὬὸὝὌ ὊὭὶίὸ ὦὶὥὲὧὬ ὬὩὭὫὬὸὊὄὌ  

 

The radius of the crown was measured in meters from the trunk of the tree to the edge of the crown to 

the North, East, South and West of the tree using a tape measure. These variables were recorded as 

the crown radius can be quite variable, therefore by recording from four sides this reduced any 

potential over or under estimation of crown area. Crown areas was then calculated using: 

ὅὶέύὲ ὥὶὩὥВ  

In this formula, Nr= North radius, Sr= South radius, Wr= West radius, Er= East radius 

 

DBH was recorded for each tree using a tape measure and measured to the nearest centimetre. Crown 

shapes were classified as either spheroid, elongated spheroid, cone, upside-down cone, umbrella, bent 

over, broken or palms (Table 2.1) 

 

 

Table 2-1 Definitions of crown shapes used in surveys adapted from Coder (2000) and Manduell et al. 
(2012) 

CROWN SHAPE DEFINITION 

SPHEROID Sphere shaped/ lollipop shape 
ELONGATED 
SPHEROID Crown with a height greater than its width and rounded ends 
CONE Cone shaped crown with a wide base that tapers to the top 
UPSIDE-DOWN 
CONE 

Crown which dove tails from the first branches, inverse of the cone 
(also known as inverse tripod) 

UMBRELLA Similar to spheroid or cone but lowest branches tips hang further 
down than the base of the branch 

BENT-OVER Tree with trunk or crown growing significantly in one direction, 
typified by lack of crown in one direction 

BROKEN Tree where the crown has broken off leaving either a splintered top 
or new growth if still alive 

PALM If the tree is a palm species there is no crown but series of large 
palm leaves 

 

We were able to calculate the crown volumes more accurately than many previous studies by using the 

crown shapes and radii measurements. These were calculated using the following formulae: 
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Crown volume radii standardisation: 

NS ὶ ὔέὶὸὬ ὛέόὸὬ ὶὥὨὭόί     

 EW ὶ ὉὥίὸὡὩίὸ ὶὥὨὭόί  

 Ὄὶ ὌὩὭὫὬὸ ὶὥὨὭόί  

Cone and upside-down cone crown volume:  

ὠ В     

Spheroid, elongated spheroid and bent over crowns: 

 ὠ  “ὔὛὶὉὡὶὌὶ 

Umbrella shape crowns:  

 ὠ  

 

Crown connectivity was measured visually by estimating the proportion of the crown in contact or 

enclosed by neighbouring crowns using a four point scale;  0-25%, 26-50%, 51-75% and 76-100%,  the 

inverse of this gave the exposure of the crown (Whitten 1982; Manduell et al. 2011; Cheyne et al. 

2013). In Sei Betung all tree species were identified to the lowest identifiable taxonomic level (genus 

and species) by an Indonesian botanist.  

 

2.2.4 Nest transects 
Nest transects were conducted on the same transects as the vegetation transects by the first author 

with a team of 1-2 well trained local field assistants ŦǊƻƳ ǘƘŜ ǇŀǊǘƴŜǊ bDhΩǎ. Nest transects were 

conducted in June 2015, April 2016 and August 2016 in Sikundur and late August/September 2016 in 

Sei Betung, transects were walked only once per sample period. The transects were walked at a pace 

of no more than 1km/h.  When a nest was visually located, the perpendicular distance from the 

transect to the centre of the nest was measured using a tape measure as this is utilised along with age 

of nest and decay rate to estimate nest densities which was used in Chapter 5. Along with these 

distances the DBH, first bole height (FBH), height of tree, crown shape, connectivity, crown radius from 

the trunk to the edge of the crown for the north, south, east and west of the tree were recorded along 

with support availability using the same methodology as vegetation data. Nest height was recorded 
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using the Nikon Forestry Pro laser rangefinder to the nearest 0.2m with measurements taken from the 

base of the nest.  

Nests were placed into age classes through consensus between the lead research and trained 

observers when uncertain, these classes were reflective of the decay rate. The classes were: 1- fresh 

leaves, still green; 2- mix of green and brown leaves; 3- all leaves turned brown and some holes 

forming; and 4- all leaves gone and nest falling apart (van Schaik et al. 1995; Hashimoto 1995; Russon 

et al. 2001; Felton et al. 2003; Johnson et al. 2005; Spehar et al. 2010). On subsequent transects any 

old nests which had been previously recorded were omitted, these were identified by the age of the 

nest and proximity to a GPS point for a prior nest. Nest position was also recorded following the 

ǎǘŀƴŘŀǊŘ ƳŜǘƘƻŘƻƭƻƎȅ ǎŜǘ ƻǳǘ ōȅ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ½ǳǊƛŎƘΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ Anthropology (Orangutan 

Network 2015) and used in Prasetyo et al. 2012; Rayadin & Saitoh 2009. Position 1- at the base of the 

branch and close to the main stem; Position 2- at the end of a branch; Position 3- top of the tree 

crown; Position 4- using the branches of two different trees weaved together (there were no Position 0 

which are nests that are found on the ground) (see Fig 1.3).  

All nest tree species were identified by trained field assistants. As well as nest trees, all trees within a 

5m radius of the nest tree were recorded. These were used to provide a control against the nest tree 

and to understand if the difference is just for the nest tree and the average forest or whether the nest 

tree also differed from the trees that were its direct neighbours. For each of these trees the distance to 

the nest tree, direction with a compass, DBH, first bole height, tree height, crown shape, connectivity 

and in 2016 field season the species was also recorded. Separate analysis was conducted to compare 

between nest trees that help single nests or multiple nests to determine why those trees may have 

contained more than one nest.  

2.2.5 Data analysis 
Unequal variance t-ǘŜǎǘǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ²ŜƭŎƘΩǎ ǘ ǘŜǎǘ, Satterwaite or Welch-Satterwaite tests were 

used to determine whether there was a significant statistical difference between the continuous 

structural variables for nest and non-nest trees for each site along with support availability. This test 

was used due to the non-normal distributions and unequal variances of the data and was 

recommended by Moser et al. (1989) and Ruxton (2006) ŀǎ ƛǘ ǇŜǊŦƻǊƳǎ ǎƛƳƛƭŀǊƭȅ ǿŜƭƭ ǘƻ ǘƘŜ {ǘǳŘŜƴǘΩǎ t-

test, and the power of the unequal variance t-ǘŜǎǘ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ {ǘǳŘŜƴǘΩǎ ŜǾŜƴ ǿƘŜƴ ǾŀǊƛŀƴŎŜǎ ŀǊŜ 

equal (Moser et al. 1989; Moser & Stevens 1992; Coombs et al. 1996; Ruxton 2006) but is much better 

at controlling for both Type I and Type II errors and when variances are unequal it outperforms the 

Mann-Whitney U test (in terms of controlling Type I errors) (Zimmerman & Zumbo 1993; Ruxton 2006).  

Generalised linear models and generalised linear mixed effects models were run in R using the lme4 

(Bates et al. 2015), car (Fox & Weisberg 2011), lattice (Deepayan 2008) and Matrix (Bates & Maechler 

2017) packages. These models were run to understand the relationships between nest and non-nest 
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trees, nest trees and trees within 5 metres of nest trees and between single and multiple nest trees. 

Generalised linear mixed effects models with binomial error structures were initially used to determine 

whether field site had any significant effect upon the overall model as a random effect by comparing 

against a simpler binomial generalised linear model and using the AIC (Akaike Information Criterion) 

scores and Likelihood-ratio  ANOVA chi square tests to determine whether there was a significant 

difference between the two models and if the random effect had any significant effect upon the model 

as suggested by Bolker et al. (2009) and Kain et al. (2015).  

All model iterations were run including an intercept only model using the dredge function of the 

MuMIn (Barton 2018) package in R, this package was also used for all model averaging calculations. 

The models were ranked by their AICc (corrected Akaike Information Criterion) scores which 

compensate for small sample sizes. A subset of these models was then extracted using the maximum 

delta DAICc values (which is the difference between the AICc of each model from the best performing 

model) that are <2. This threshold was used as models with AICc values <2 all have substantial support 

and perform equally well (Burnham et al. 2002; Burnham & Anderson 2004). From this subset of best 

ǇŜǊŦƻǊƳƛƴƎ ƳƻŘŜƭǎΩ ǇŀǊŀƳŜǘŜǊ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ŀǾŜǊŀƎŜŘ ŀƴŘ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ǿŜƛƎƘǘŜŘ ōȅ ǘƘŜ 

proportion of models that the parameter was present in. These weights allow for the relative 

importance of each parameter to be assessed. Plots from the model averaging were produced using 

the following packages in R; ggplot2 (Wickham 2009), snakecase (Grosser 2018), plyr (Wickham 2011), 

sjlabelled (Lüdecke 2018a), sjPlot (Lüdecke 2018b) and sjmisc (Lüdecke 2018c).  

 

 

Selectivity index 

For tree height and DBH in categories, support availability, tree species and food tree, Jacobs D value 

was used as an index to determine if any of the categories were used preferentially or avoided. This 

index has been used in a number of previous studies to determine nest tree selection in Borneo 

(Cheyne et al. 2013), canopy selection (Cannon & Leighton 1994) and support use (Hunt et al. 1996; 

Warren 1997; Manduell et al. 2012). This index standardises the relationship between resource use 

and availability to numbers between 1 and -1. In this instance +1 is indicative of complete preference 

and -1 is a complete avoidance of it, 0 is neutral and suggests that the resource is used in direct 

relation to its relative abundance.  
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Jacobs D was calculated using: 

ὐὥὧέὦί Ὀ
ὶ ὴ

ὶ ὴ ςὶὴ
 

ὶ  relative use of a resource (number of nest trees in each data class) as a proportion  

ὴ  relative availability of a resource (number of trees for each class available in the habitat) as a 

proportion 

 

2.3 Results 
 

A total of 199 nests were recorded across both sites with 153 found in Sikundur and 45 in Sei Betung. 

In total 1200 trees were measured on vegetation transects in Sikundur and 720 in Sei Betung, 62 trees 

were recorded within 5m of nest trees in Sei Betung and 598 were recorded and measured in Sikundur. 

However, trees with broken crowns and palms were removed from the analysis as they were 

significant outliers due to both their rarity and unusual crown shapes which heavily skewed the results 

in regards to crown volumes and crown size.  

 

2.3.1 Site differences in forest trees versus nest trees 
When comparing between Sikundur and Sei Betung all forest structure variables were found to differ 

significantly with all variables except of crown area being found to be significantly larger in Sikundur 

than Sei Betung (Table 2.2). However, when comparing nest trees between sites significant differences 

were only found for tree height and FBH which were both again found to be larger in Sikundur than 

what was found in Sei Betung (Table 2.2). Comparisons between nest trees and average forest trees for 

each site showed significant differences for all variables except for first branch height (FBH) (Table 2.3). 

In all canopy structure variables except FBH nest trees were found to be significantly larger than non-

nest trees, with FBH showing no significant difference but were higher for non-nest trees than nest 

trees (Table 2.3). See Figures S1-6 in Appendix I for boxplots further showing the differences between 

nest and non-nest trees at each site for each variable.  
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Table 2-2 Comparison between sites of tree structure characteristics for nest and average forest trees 
(non-nest trees) using Welch's t test 

DBH= Diameter at Breast Height, FBH= First Branch Height 

Tree type Variables Mean 
  

Variance    ²ŜƭŎƘΩǎ ǘ 
  

Sei Betung Sikundur 
 

Sei 
Betung 

Sikundur 
 

t*  df P 

Nest   n= 45 n=153 
 

n= 45 n=153 
 

      

DBH (cm) 21.57±1.63 25.22±0.98 
 

119.32 138.38 
 

1.93 77 0.057 
FBH (m) 4.33±0.28 9.8±0.33 

 
3.52 15.29 

 
12.96 155 <0.001 

Tree height 
(m) 

11.26±0.5 17.76±0.46 
 

11.09 31.6 
 

9.67 124 <0.001 

Crown size 
(m) 

6.93±0.42 7.96±0.38 
 

7.58 21.37 
 

1.86 123 0.065 

Crown area 
(m2) 

62.53±7.39 53.61±2.98 
 

2511.24 1351.86 
 

-1.11 59 0.272 

Crown 
volume (m3) 

219.21±51.03 263±25.14 
 

68772.84 105557.1 
 

0.93 88 0.355 

  
         

  
Non-nest 

trees 
  n=720 n=1200 

 
n=720 n=1200 

 
      

DBH (cm) 16.98±0.31 21.55±0.44 
 

67.49 236.67 
 

8.471 1896 <0.0001 
FBH (m) 4.1±0.12 9.48±0.15 

 
10.45 26.65 

 
28.058 1915 <0.0001* 

Tree height 
(m) 

9.21±0.16 14.9±0.19 
 

18.24 41.31 
 

22.966 1907 <0.0001 

Crown size 
(m)  

5.11±0.1 5.42±0.11 
 

6.72 14.4 
 

2.163 1887 0.0306 

Crown area 
(m2) 

36.35±1.22 36.7±1.47 
 

1072.7 2607.37 
 

0.180 1910 0.8568 

Crown 
volume (m3)  

94.81±7.54 152.76±14   40716.03 235283.19   3.628 1749 0.0003 
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Table 2-3 Within site comparisons of tree structure characteristics of nest and non-nest trees for 
{ƛƪǳƴŘǳǊ ŀƴŘ {Ŝƛ .ŜǘǳƴƎ ǳǎƛƴƎ ²ŜƭŎƘΩǎ ǘ ǘŜǎǘ ό{ŀǘǘŜǊǿŀƛǘŜΩǎ ǘ ǘŜǎǘύ  

DBH= Diameter at Breast Height, FBH= First Branch Height 

 

 

The random effect of field site was tested by using a generalised linear mixed effects model and a 

generalised linear model and then using a Likelihood-ratio ANOVA chi squared test to test whether the 

random effect of field site had a significant effect or not. Field site had no statistical significant impact 

ǳǇƻƴ ǘƘŜ ƳƻŘŜƭΤ ʋ2
df1=2.803, P=0.075. Furthermore, the differences in R2

GLMM(m) (marginal R2) and 

R2
GLMM(c) (condition R2) as described by Nakagawa & Schielzeth (2013) for the mixed effects model 

showed little difference suggesting that the majority of the variance was explained by the fixed effects 

in the model (R2GLMM(m)= 0.133, R2GLMM(c)= 0.15). Due to this lack of significance the random effect of 

field site was discarded and a simpler generalised linear model with a binomial distribution was used 

(Table 4.). FBH and crown volume were removed from the models due to multicollinearity with both 

having VIF scores >5.  Using the dredge function of the MuMIn package all combinations of the 

remaining variables were tested as candida to determine which variables were most influential in 

differentiating nest trees from non-nest trees. None of the other 63 candidate models were found to 

be within 2 AIC units (DAICc <2) of the top performing model which was also the full model containing 

all of the fixed effects (AICc= 1233.1, DAICc=0, w=0.406) (Table 2.5.). This result lends further evidence 

to what was found in the initial analysis that nest and non-nest trees differ significantly in both sites for 

Field site Variables Mean   Variance   ²ŜƭŎƘΩǎ ǘ 

Nest Non-nest   Nest Non-nest   t Stat df P 
Sei Betung   n= 45 n=720 

 
n= 45 n=720 

 
      

DBH (cm) 21.57±1.63 16.98±0.31 
 

119.32 67.49 
 

2.77 47 0.008 

FBH (m) 4.33±0.28 4.1±0.12 
 

3.52 10.45 
 

0.75 62 0.458 

Tree height (m) 11.26±0.5 9.21±0.16 
 

11.09 18.24 
 

3.93 53 <0.001 

Crown size (m) 6.93±0.42 5.11±0.1 
 

7.57 6.72 
 

4.32 49 <0.001 

Crown area 
(m2) 

62.53±7.39 36.35±1.22 
 

2511.24 1072.7 
 

3.46 46 0.001 

Crown volume 
(m3) 

219.21±51.03 94.81±7.54 
 

68772.84 40716.03 
 

3.13 47 0.003 

  
         

  
Sikundur   n= 153 n=1200 

 
n= 153 n=1200 

 
      

DBH (cm) 25.21±0.98 21.55±0.44 
 

138.38 236.67 
 

3.49 224 <0.001 

FBH (m) 9.8±0.33 9.48±0.15 
 

15.29 26.65 
 

0.92 226 0.357 

Tree height (m) 17.77±0.46 14.9±0.19 
 

31.6 41.31 
 

5.82 209 <0.001 

Crown size (m) 7.96±0.38 5.42±0.11 
 

21.37 14.4 
 

6.53 179 <0.001 

Crown area 
(m2) 

53.61±2.98 36.7±1.47 
 

1351.86 2607.37 
 

5.1 234 <0.001 

Crown volume 
(m3) 

263±25.14 152.76±14   105557.1 235283.19   3.7 248 <0.001 
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most tree architecture variables. The null model performed significantly worse than the full model and 

was the second worst performing model overall with a DAICc score of 83.27 (Table 3.5.).  

 

 

Table 2-4 Anova chi square test of full models to test the effect of field site as a random effect 

 

 

  

 

 

Table 2-5 Top candidate models with DAICc <2 and null model for the comparison between nest trees 
and average forest trees 

 

 

 

 As only one candidate model was found to have an DAICc score <2 model-averaging was unnecessary. 

Parameter estimates from the top performing model (Table 2.6.) lend further weight to the initial 

findings and show that of all the parameters, crown size has the greatest influence on the interaction 

and is the most important factor in nest site selection for Sumatran orangutans when comparing 

against average forest trees (b= 0.127, SE= 0.024, P=<0.001). Crown shape and DBH (b= -0.025, SE= 

0.009, P=0.009) were also highly important having P values <0.01. Cone and upside-down cone shaped 

crowns were found to be the most significantly crown shapes in the model (C shaped crown: b=1.659, 

SE=0.557, P= 0.003, UC shaped crown: b=1.445, SE=0.55, P=0.009) whereas umbrella and elongated 

spheroid crowns were non-significant (P >0.05). These results also show that tree height and crown 

area may be less important in nest site selection in comparison to the other variables, in particular 

crown size though both tree height and crown area were still significant variables (P <0.05). Log 

likelihood and distributed chi square statistics suggest that the full model is reliable; chi= 107.44, 12df, 

P=<0.001.  Trees with higher connectivity were also found to be more significant with trees in the 

Model Df AIC BIC logLik deviance Adj R2 Chi 
sq 

Chi 
df 

Pr 
(>Chisq) 

Tree~Tree.height+DBH+Crown.size+Crown.area+Crown.shape 
+Connectivity 

13 1233.1 1306.5 -
603.48 

1207 0.0790 - - - 

Tree~Tree.height+DBH+Crown.size+Crown.area+Crown.shape 
+Connectivity+(1|Field.site) 

14 1231.8 1311 -
601.89 

1203.8 0.1023 3.180 1 0.075 

Model Adj R2 df logLik AICc DAICc weight 
Tree~Tree.height+DBH+Crown.size+Crown.area+Crown.shape+Connectivity (Full 
model) 

0.107 13 -603.485 1233.1 0 0.406 

Null model 0 1 -657.203 1316.4 83.27 0 
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connectivity categories >50% both having P values <0.05 whilst connectivity 25-50% had P of 0.092 

showing that these less connected trees are less significantly used.  

 

Table 2-6 Parameter estimate and standard errors for the variables from the top performing model for 
comparing between nest and average forest trees.  

Crown shape classes: C= cone shaped, ES= Elongated Spheroid, S= Spheroid, UC= Upside-down Cone, 
UM=Umbrella 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 Forest plot of the log odds ratios for the parameter estimate of the top performing GLM 
indicating the difference between nest and non-nest trees. The red vertical line at 1 is the vertical 
intercept denoting no effect.  

Parameters Estimate Std 
Error 

Z value Pr(>|z|) 2.5% CI 97.5% CI 

Intercept -5.462 0.679 -8.044 <0.001 -6.94 -4.246 

DBH -0.025 0.009 -2.632 0.009 -0.044 -0.007 

Tree height 0.039 0.019 2.102 0.036 0.003 0.075 

Crown area 0.005 0.002 2.502 0.012 0.001 0.009 

Crown size 0.127 0.024 5.293 <0.001 0.08 0.175 

Connectivity 25-50 0.777 0.461 1.686 0.092 -0.066 1.766 

Connectivity 50-75 0.906 0.436 2.445 0.014 0.123 1.858 

Connectivity 75-100 1.06 0.433 2.502 0.012 0.284 2.008 

Crown shape C 1.659 0.557 2.979 0.003 0.673 2.911 

Crown shape ES 1.044 0.581 1.798 0.072 -0.006 2.329 

Crown shape S 1.272 0.53 2.398 0.016 0.354 2.485 

Crown shape UC 1.445 0.55 2.627 0.009 0.477 2.688 

Crown shape UM 0.846 0.65 1.302 0.193 -0.396 2.226 
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Significance levels: * = <0.05, **= <0.01, ***= <0.001 

Crown shape categories: C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-down Cone, UM= 
Umbrella 

 

The forest plot of the estimates in Figure 2.2 shows that crown size is again the most significant 

variable, however it also reveals that DBH, cone shaped and upside-down cone shaped crowns are also 

highly significant predictors for predicting between nest and average forest trees with P values <0.01. 

Crown area, tree height, spheroid crowns and connectivity >50% were all found to also have significant 

effects on the log odds of whether a tree is a nest tree or average forest tree (P= <0.05) whilst 

connectivity scores <50%, elongated spheroid and umbrella shaped crowns all showed no significant 

effect.  

The marginal effects in Figures 2.3B, 2.3C and 2.3D show that there is a positive relationship between 

size and the probability of being a nest tree for tree height, crown size and crown area. A positive 

relationship can also be seen in connectivity (Fig 2.3F.), with increasing connectivity there is a greater 

probability of it being a nest tree, though the increase between 50-75% connectivity and 75-100% 

connectivity is less significant suggesting that increasing connectivity over 75% has less effect than it 

does when connectivity is >50%.   Figure 2.3E displays the increased likelihood of cone, spheroid and 

upside-down cone shaped crowns being nest trees and that bent-over trees have a significantly lower 

probability of being a nest tree than any other crown shape suggesting these may be avoided. DBH 

however in Fig 2.3A shows that there is a negative relationship between DBH and the probability of 

being a nest tree with smaller trees having a greater probability of being a nest tree than larger ones. 
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Increases in crown size and crown area have the greatest influence upon the probability of being a nest 

tree whilst the scale of influence of DBH is relatively small in comparison.  

 

¦ǎƛƴƎ WŀŎƻōΩǎ 5 ǾŀƭǳŜ ƻŦ ǎŜlectivity, the use of a resource relative to its abundance can be measured 

and visualised. In Figure 2.4 the results of this are presented for Sikundur and Sei Betung. As predicted 

by the models an increasing rate of preference is observed for DBH, tree height, crown size and crown 

Figure 2-3 Predicted probabilities for DBH (A), Tree height (B), Crown size (C), Crown area (D), Crown shape 
(E) and Connectivity (F) for the best fitting model of nest tree against average forest tree with the lines 
denoting the predicted probability of a tree holding an orangutan nest/ The closer a line or point is to 100% 
the greater the probability of being a nest tree, the closer to 0% a greater probability of being a non-nest tree  

Crown shape categories: BO= Bent-Over, C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-down 
Cone, UM= Umbrella 



Page | 56  
 

ŀǊŜŀΦ IƻǿŜǾŜǊΣ ǘƘŜ WŀŎƻōΩǎ 5 ǾŀƭǳŜǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀŎǘǳŀƭƭȅ ŀƴ ŀǾƻƛŘŀƴŎŜ ƻŦ ǘƘŜ ŜȄǘǊŜƳŜ ǾŀƭǳŜǎ ƛΦŜΦ 

saplings and emergent trees. Crown shape also follows the predictions of the model with cone and 

upside-down cone shaped crowns being most preferred and spheroid crowns being used in equal 

amounts to their availability as both are relatively abundant at each field site whilst bent-over crowns 

ŀǊŜ ƘƛƎƘƭȅ ŀǾƻƛŘŜŘ ǿƛǘƘƛƴ {Ŝƛ .ŜǘǳƴƎ όWŀŎƻōΩǎ 5 -лΦсрύ ŀƴŘ {ƛƪǳƴŘǳǊ όWŀŎƻōΩǎ 5 -0.55). Connectivity 

reflects the models for nests in Sikundur however in Sei Betung there is a greater preference for trees 

in the 25-50% category and a strong avoidance of those >75%. Nests in Sikundur follow the expected 

pattern with trees with connectivity <50% highly avoided and those with connectivity >50% preferred.  

 

 

Figure 2-4 Jacob's D values of selectivity for DBH (A), Tree height (B), Crown size (C), Crown area (D), 
Crown shape (E), Connectivity (F) and the proportions of each size class for average forest trees in 
Sikundur and Sei Betung shown through the line graphs 

Crown shape categories: BO= Bent-Over, C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-
down Cone, UM= Umbrella 
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2.3.2 Trees in the close vicinity of the nest (<5m) 
As with the comparison of nest trees and average forest trees, nest trees were found to be significantly 

larger than those within 5m radius for all variables except for DBH in Sei Betung and FBH in both sites 

(Table 2.7). When comparing between sites as was noted in the previous section, nest trees in Sikundur 

have significantly higher FBH (first branch height) and tree heights than those in Sei Betung, whilst DBH 

and crown size were found to show no significant difference (Table 2.8). For trees within 5m radius of 

nest trees trees all variables except crown size were significantly larger in Sikundur than Sei Betung 

ό²ŜƭŎƘΩǎ ǘҐ-1.9, df=87, P=0.061).  

Table 2-7 Comparison of nest trees and trees found within 5m radius of the nest tree using Welch's t 
test 

Table 2-8 Comparison between sites for nest and non-nest trees found within a 5m radius of the nest 
trees (within 5m) using Welch's t test 

Tree type Variables Means Variance ²ŜƭŎƘΩǎ ǘ 
  

Sei Betung Sikundur Sei Betung Sikundur t*  df P 
Nest   n= 45 n=153 n= 45 n=153      

DBH (cm) 21.57±1.63 25.22±0.98 119.32 138.38 1.93 77 0.057 
FBH (m) 4.33±0.28 9.8±0.33 3.52 15.29 12.96 155 <0.001 
Tree height 
(m) 

11.26±0.5 17.77±0.46 11.09 31.6 9.67 124 <0.001 

Crown size 
(m) 

6.93±0.42 7.96±0.38 7.58 21.37 1.87 123 0.065 

    
       

Within 5m   n=61 n=598 n=61 n=598       

DBH (cm) 17.64±1.19 21.84±0.63 86.4 233.34 3.13 97 0.002 
FBH (m) 5.02±0.38 9.82±0.2 8.84 23.63 11.18 96 <0.001 
Tree height 
(m) 

9.76±0.41 15.23±0.26 10.33 39.81 11.26 115 <0.001 

Crown size 
(m)  

4.74±0.32 5.41±0.15 6.28 12.71 -1.9 87 0.061 

 

Field site Variables  Means 
 

Variance   ²ŜƭŎƘΩǎ ǘ 

 Nest Within 5m Nest Within 5m   t Stat df P 

Sei 
Betung 

   n= 45 n=61 n= 45 n=61         

DBH (cm)  21.57±1.63 17.64±1.19 119.32 86.40 
 

-1.95 89 0.055 

FBH (m)  4.33±0.28 5.02±0.38 3.52 8.84 
 

1.46 102 0.147 

Tree height 
(m) 

 11.26±0.5 9.76±0.41 11.42 10.33 
 

2.326 93 0.022 

Crown size 
(m) 

 6.93±0.42 4.74±0.32 7.82 6.28 
 

4.21 90 <0.001 

  
 

 
        

Sikundur    n= 153 n=598 n= 153 n=598 
    

DBH (cm)  25.65±0.98 21.84±0.63 138.38 233.34 
 

2.96 297 0.003 

FBH (m)  9.8±0.33 9.82±0.2 15.29 23.63 
 

-0.06 285 0.955 

Tree height 
(m) 

 17.77±0.46 15.23±0.26 31.6 39.81 
 

4.85 259 <0.001 

Crown size 
(m) 

 7.96±0.38 5.41±0.15 21.37 12.71 
 

6.37 201 <0.001 
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As with average forest trees the random effect of field site was assessed for trees within 5m of nest 

trees. Unlike with average forest trees, field site was found to be a significant factor using an ANOVA 

ŎƘƛ ǎǉǳŀǊŜ ǘŜǎǘ ŦƛƴŘƛƴƎ ŀ ǊŜǎǳƭǘ ƻŦΤ ʋ2
df1= 118.52, P=<0.001 (Table 2.9.). These results support the initial 

ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜǎ ǎŜǇŀǊŀǘŜƭȅ ǳǎƛƴƎ ²ŜƭŎƘΩǎ ǘ ǘŜǎǘ ǿƘƛŎƘ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǘƘŜ ǎƛǘŜǎ ŘƛŦŦŜǊŜŘ ƘƛƎƘƭȅΦ 

Due to its significance, field site was kept within the model and the following results are from the 

generalised linear mixed effects model using this random effect. FBH and crown volume were again 

removed from the models due to multicollinearity and vif scores >5. Two candidate models were 

identified based on DAICc scores <2 (Table 2.10.). The best candidate model contained three fixed 

effects; crown shape, crown size and DBH and had a much greater weight than the other models; 0.503 

compared to 0.195 which suggests that this model is likely to be the best at explaining the interaction 

as it accounts for 50.3% of the variance. The null model and full model were significantly outperformed 

by these candidate models and highlight the importance of the parameters within the best candidate 

models. Connectivity was not a part of any of the candidate models suggesting that this has little 

importance in nest site selection when comparing against trees within the immediate vicinity of the 

nest tree. 

 

Table 2-9 Assessment of the importance of field site as a random effect in the modelling of the 
interaction between nest trees and trees within 5m of nest trees 

 

 

 

Table 2-10 Top candidate models based on AICc scores <2 for nest trees vs trees within 5m of the nest 
tree 

Model   Adj R2 df logLik AICc delta weight 

Tree~Crown.shape+Crown.size+DBH 0.3517 9 -349.036 716.3 0 0.503 

Tree~Crown.shape+Crown.size+DBH+Tree.height 0.3519 10 -348.961 718.2 1.9 0.195 

Full model 0.3529 13 -348.593 723.6 7.33 0.013 

Null model 0.2452 2 -386.47 777 60.67 0 

 

The model-averaged parameter estimates for the candidate models show that the parameters which 

have the greatest influence upon nest site selection are crown size (b=0.191, SE= 0.03, z value= 6.36 P= 

<0.001) and upside-down cone shaped crowns (b=1.843, SE= 0.69, z value= 2.67, P=0.008) (Table 

2.11.). This suggests that there may be a selection for upside-down cone shaped trees and for those 

Model Df AIC BIC logLik deviance Adj R2 Chi sq Chi 
df 

Pr 
(>Chisq) 

Tree~Tree.height+DBH+Crown.size+Connectivity 
+Crown.shape 

12 839.71 896.68 -
407.85 

815.71 0.1801 - - - 

Tree~Tree.height+DBH+Crown.size+Connectivity+ 
Crown.shape+(1|Field.site) 

13 723.19 784.9 -
348.59 

679.19 0.3529 118.52 1 <0.001 



Page | 59  
 

with larger crown sizes. DBH was also highly significant as a variable (b=-0.017, SE= 0.01, z value= 1.98, 

P= 0.048) the b estimate for DBH suggests that the DBH for nest trees are smaller than those of the 

trees within 5m of them. When relative importance is considered, crown size, crown shape and DBH 

are the most important variables in differentiating between nest trees and those within 5m of them, 

whereas tree height is relatively unimportant with a value of 0.28 as it only appeared in the second-

best performing model.  

Table 2-11 Model averaged parameter estimates and relative importance for the top candidate models 
for nest tree vs tree within 5m 

Crown shape classes: C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-down Cone, UM= 
Umbrella 

Parameters Estimate Std Error Adj SE Z value Pr(>|z|) RI 2.5% CI 97.5% CI 

Intercept -2.712 4.822 4.829 0.562 0.574 - -12.176 6.751 

Crown size 0.191 0.030 0.030 6.363 <0.001 1 0.132 0.249 

Tree height 0.003 0.014 0.014 0.195 0.845 0.28 -0.040 0.060 

DBH -0.017 0.008 0.008 1.978 0.048 1 -0.033 0.000 

Crown 
shape C 

1.241 0.653 0.653 1.899 0.058 1 -0.040 2.522 

Crown 
shape ES 

0.180 0.681 0.682 0.264 0.792 ""  -1.156 1.517 

Crown 
shape S 

1.081 0.614 0.615 1.759 0.079 ""  -0.124 2.287 

Crown 
shape UC 

1.842 0.689 0.690 2.669 0.008 ""  0.489 3.194 

Crown 
shape UM 

0.482 0.812 0.813 0.593 0.553 ""  -1.112 2.077 
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The forest plot of the odds ratios for the parameter estimates of the top candidate models (Fig 2.5.) 

further supports the previous results showing that crown size and upside-down cone shaped crowns 

have the greatest impact upon the models. Figures 2.6a, 2.6b and 2.6c show that similar to what was 

observed with average forest trees, increases in size of DBH, tree height and crown size led to 

increased probability of it being a nest tree. The marginal effects of crown shape in Figure 2.6d further 

display the significant preference for building nests within upside-down cone and cone shaped crowns 

and further shows how rarely bent-over crowns are used for nest sites.  

Figure 2-5 Forest plot of the odds ratios of parameters from the top 3 candidate 
models of the multi-model inference for the interaction between nest trees and non-
nest trees found within 5m radius of the nest tree 

Significance levels: * = <0.05, **= <0.01, ***= <0.001 

Crown shape categories: C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-
down cone, UM= Umbrella 
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Figure 2-6 Marginal effects plots of DBH (A), Tree height (B), Crown size (C) and Crown shape (D) for the 
model averaged parameters of the best candidate models determined through model averaging and 
AICc scores <2 for the interaction of nest trees and those within 5m radius of the nest tree. The plots 

show the predicted probability of a tree holding an orangutan nest based upon each variable.  

Crown shape categories: BO= Bent-over, C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-
down Cone, UM= Umbrella 

 

¢ƘŜ WŀŎƻōΩǎ 5 ǾŀƭǳŜǎ ƻŦ ǎŜƭŜŎǘƛǾƛǘȅ for nests compared to the trees within 5m (Fig 2.7.) show similar 

patterns of selectivity as was observed with average forest trees however, a greater level of selectivity 

can be observed. Tree height shows a normal bell curve shape in Sikundur with the highest preference 

still being above the mean whilst in Sei Betung preference is highly selective with only one size class 

showing a preference rather than avoidance which was trees in the 15-20m height range and showed a 

highly significant preference value of 0.83. Crown size displays a positive trend of increased preference 

associated with an increase in crown size and suggests that this is a particularly important variable for 

nest site selection. Bent-over and broken crowns as well as palms have all been found to be highly 

avoided as nest sites by orangutans. Upside-down cone shaped crowns were found to be significantly 

preferred as nest sites in Sikundur and showed a lower rate of preference in Sei Betung which is likely 

due to their greater availability at that site. Spheroid crowns were more highly preferred in Sei Betung 
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and similar to upside-down cones in Sei Betung show a lower rate of preference in Sikundur likely due 

to their greater availability at that site. Cone shaped crowns showed no significant levels of preference 

or avoidance in each site.  

 

Figure 2-7 Jacob's D values for selectivity for the variables; DBH (A), Tree height (B), Crown size (C) and 
Crown shape (D) for nest trees in Sei Betung and Sikundur when compared against trees within 5m of the 
nest tree. 

Crown shape categories: BO= Bent-over, C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside-down 
Cone, UM= Umbrella 
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2.3.3 Tree species 
When comparing tree species within 5m radius of the nest tree between sites, 43 species were 

recorded in Sikundur and 21 species were found in Sei Betung. Orangutans were found to build nests in 

44 tree species, all 44 of these species were found to house nests in Sikundur and a smaller subset of 

14 species held nests in Sei Betung. Utilising the tree species information from the trees within 5m 

radius of each nest dataset, a high degree of selectivity was observed with certain species being both 

highly preferred and highly avoided in each site. Of greatest significance were the preferences for trees 

belonging to the genus Nephelium, the genus Polyalthia and Shorea sp. as they were some of the most 

ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ ŦƻǊ ƴŜǎǘ ōǳƛƭŘƛƴƎ ŀƴŘ ƘŀŘ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǎƛǘƛǾŜ WŀŎƻōΩǎ 5 ǎŎƻǊŜǎ όCƛƎ 2.8). There are also a 

number of genera/species which were more common around nests but found to be highly avoided for 

nests building such as Bridelia tomentosa, Callerya atropurpurea, Elaeocarpus sp., Eleais guinensis, 

Phyllanthus sp and Vitex pinnata (Fig 2.8.).  
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Figure 2-8 Jacobs D values of selectivity for nest trees compared to trees found within 5m of nest trees for Sei 
Betung and Sikundur 
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When looking at the transect data for Sei Betung, the forest composition in Sei Betung was dominated 

by trees belonging to the Euphorbiaceae and Phyllanthacieae families which accounted for 38.8% and 

20.2% of all trees recorded at the site. Across the 720 trees recorded across the vegetation transects in 

Sei Betung only 53 species belonging to 26 families were identified whereas 184 species were found in 

Sikundur from the 873 trees sampled through phenology plots conducted by SOCP field staff (Table 

2.12.). The five most abundant species in Sei Betung accounted for 50.9% of all of the trees measured 

at the site though they only represented 9.4% of the tree diversity of the site. In comparison, the five 

most abundant in Sikundur accounted for 16.3% of the 874 trees recorded on the phenology plots, 

with these five species representing only 2.7% of the tree diversity of the site. (Fig 2.9.) This suggests 

that Sikundur is both a much more diverse forest in terms of species and a more heterogenous forest 

also in terms of tree diversity when compared to Sei Betung.  

  

Table 2-12 Numbers of tree species recorded for each field site for overall forest diversity, trees within 
5m diameter of a nest tree and nest trees. *Data from phenology plots conducted by SOCP staff 

 

 

 

 

 

 

Field Site   Number of species 

Overall 
forest 

 
Around 
nest 

 
Nest tree 

Sei Betung 53 
 

21 
 

14       

Sikundur 184*   43   44 
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Figure 2-9 Histogram of proportions of tree species used for nest trees in Sikundur and Sei Betung 
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2.3.4 Multiple nest trees 
A significantly larger proportion of nest trees held multiple nests in Sei Betung compared to Sikundur, 

with only 11.1% of trees having multiple nests in Sikundur compared to 40% of trees in Sei Betung 

holding multiple nests. No significant structural differences were found between single nest trees and 

those that held multiple nests in Sikundur except for tree height which showed that trees holding 

ƳǳƭǘƛǇƭŜ ƴŜǎǘǎ ǿŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘŀƭƭŜǊ ǘƘŀƴ ǎƛƴƎƭŜ ƴŜǎǘ ǘǊŜŜǎ ό²ŜƭŎƘΩǎ ǘҐ -2.37, df=34, P=0.024). In Sei 

BeǘǳƴƎ ƳǳƭǘƛǇƭŜ ƴŜǎǘ ǘǊŜŜǎ ǿŜǊŜƴΩǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘŀƭƭŜǊ ό²ŜƭŎƘΩǎ ǘҐ -1.41, df=42, P=0.167) and showed no 

ǎƛƎƴƛŦƛŎŀƴŎŜ ǊŜƎŀǊŘƛƴƎ 5.I ŜƛǘƘŜǊ ό²ŜƭŎƘΩǎ ǘҐ -1.63, df= 38, P= 0.112), however, all other variables 

were found to be significantly larger in multiple nest trees than single nest trees in Sei Betung (Table 

2.13.) This lends further evidence for a selection preference for trees with larger crowns as was 

suggested in the previous models and also suggests that this may differ between sites.  

 

Table 2-13 Descriptive statistics and Welch's t test for trees which held single nests and multiple nests in 
Sei Betung and Sikundur 

Field Site Variables Means   Variance    ²ŜƭŎƘΩǎ ǘ 
  

  

Single 
nest 

Multiple 
nest 

Single nest Multiple 
nest 

t Stat df P 

Sei 
Betung 

  n= 27 n=18 n= 27 n=18       

DBH (cm) 18.87 23.93 57.52 165.8 -1.63 38 0.112 
FBH (m) 4.9 3.83 3.83 2.87 1.93 40 0.060 
Tree height (m) 10.53 11.89 7.60 13.72 -1.41 42 0.167 
Crown size (m) 5.64 8.06 6.49 6.01 -3.24 42 0.002 
Crown area (m2) 39.79 82.43 841.28 3187.48 -3.24 35 0.003 
Crown volume (m3) 86.205 335.59 7646.95 94631.77 -3.80 27 <0.001 

  
       

  

Sikundur   n= 136 n=17 n= 136 n=17       

DBH (cm) 25.04 25.98 137.3 147.72 -0.38 39 0.710 
FBH (m) 9.57 10.84 12.1 29.14 -1.20 32 0.241 
Tree height (m) 17.17 20.44 26.39 47.60 -2.37 34 0.024 
Crown size (m) 7.60 9.6 16.08 43.09 -1.55 32 0.131 
Crown area (m2) 54.53 49.55 1431.14 1016.83 0.72 46 0.475 
Crown volume (m3) 263.59 260.36 119418.2 45799.19 0.06 63 0.950 

 

The relationship between single and multiple use trees was tested using logistic linear regression. The 

effect of field site was first modelled and checked using a Likelihood-ratio ANOVA chi square test to 

test between a generalised linear mixed effects model with field site as a random effect against a 

simpler generalised linear model. No significant difference was found between these two models; 

ʋ2
df1=1.44, P=0.2296, therefore the simper generalised linear model with a binomial error structure 

was used for the further analysis (Table 2.14). FBH and crown volume were removed from the models 

due to multicollinearity and VIF scores >5. Two candidate models were identified with DAICc scores <2. 

None of these models contained tree height or crown shape as variables which suggests that these are 

not important in determining why certain trees have multiple nests. Connectivity and crown size were 
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found in all of the candidate models which suggests that the level of connectivity of the tree and size of 

its crown have significant influences upon nest tree reuse (Table 2.15).  

 

 

Table 2-14 Results of anova chi square test to determine the importance of field site as a random effect 
on the linear regression of single nest trees vs multiple nest trees 

Model Df AIC BIC logLik deviance Adj 
R^2 

Chi sq Chi 
df 

Pr 
(>Chisq) 

Multiple~Tree.height+DBH+Crown.size+Connectivity+Crown.shape 
+Crown.area 

13 204.66 247.41 -
89.332 

178.66 0.3226 - - - 

Multiple~Tree.height+DBH+Crown.size+Connectivity+Crown.shape 
+Crown.area+(1|Field.site) 

14 205.22 251.26 -
88.611 

177.22 0.3309 1.4435 1 0.2296 

 

 

 

 

Table 2-15 Best candidate models for explaining the difference between single nest trees and multiple 

nest trees by DAICc scores <2 

Model   Adj R^2 df logLik AICc delta weight 

Multiple~Connectivity+Crown size 0.253 5 -95.201 200.7 0 0.165 

Multiple~Connecitivity+Crown size+DBH 0.2596 6 -94.656 201.8 1.04 0.098 

Multiple~Connecitivity+Crown area+Crown 
size+DBH 

0.2685 7 93.924 202.4 1.72 0.07 

Multiple~Connectivity+Crown area+Crown size 0.2545 6 -95.08 202.6 1.88 0.064 

Full model 0.3226 13 -89.332 206.6 5.93 0.009 

Null model 0 0 -114.006 230 29.32 0 

 

Model averaging found that yet again crown size was the most important variable, it was also the only 

parameter estimate to have a highly significant value (b=0.088, SE= 0.043, P=0.04, RI= 1). Connectivity 

was also found to be highly influential with an RI of 1, though did not have a significant P value. DBH 

had a RI of 0.42 which suggests it may play a relatively important role in determining whether a tree 

had multiple nests whilst crown area was 0.34 which suggests it plays only a lesser part in explaining 

why certain trees have multiple nests. The parameter estimates show that multiple nest trees tend to 

be those with larger crown size and area but lower DBH and most frequently in trees with connectivity 

of 25-50% (Table 2.16).  
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Table 2-16 Model averaged parameters from the top candidate models of the interaction of single nest 
trees and multiple nest trees 

Parameters Estimate Std Error Adj SE Z value Pr(>|z|) RI 2.5% CI 97.5% CI 

Intercept -1.288 0.908 0.913 1.410 0.159 - -3.078 0.502 
Crown area 0.002 0.004 0.004 0.396 0.692 0.34 -0.006 0.015 
Crown size 0.088 0.043 0.044 2.021 0.043 1 0.003 0.174 

DBH -0.010 0.018 0.018 0.566 0.572 0.42 -0.064 0.016 
Connectivity 25-50% 1.456 0.930 0.936 1.557 0.1196 1 -0.377 3.290 
Connectivity 50-75% -0.318 0.894 0.899 0.354 0.723 ""  -2.081 1.444 

Connectivity 75-100% -1.288 0.911 0.917 1.405 0.160 ""  -3.085 0.508 
 

The forest plot in Figure 2.10 shows that crown area, tree height and crown size have minimal effect on 

the odds ratio for the models whilst connectivity <25% best predicts trees holding multiple nests whilst 

connectivity levels of 25-50% and >75% are better at predicting that a tree is a single nest tree. The 

marginal effects plots in Figure 3.11 show that increases in crown area and crown size are positively 

associated with an increase in the probability of that tree holding multiple nests. Increases in DBH 

however are negatively correlated with the probability of holding multiple nests but are more 

positively associated with greater probability of having a single nest. Crowns with connectivity 25-50% 

are almost three times more likely to hold multiple nests than those with a connectivity of 50-75% and 

six times more likely than those with connectivity >75%. The marginal effects agree with the predicted 

probabilities and show a negative association between tree height and probability of holding multiple 

nests whilst crown size and crown area display the opposite.  

 

 

Figure 2-10 Forest plot for the parameters of the best candidate models for 
testing single nest vs multiple nest trees 






































































































































































































