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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 predatigriimiting access to ground predators

(Ancrenaz et al. 2004a; Cheyne et al. 20TBe aims of this study were &mswer three questions

why are nests builtin aparticulartree, whywasthe nest in thatposition and height witm the tree and
why build the nest in tat part of the forest and noainother? Neg and forest structure data were
recorded from transects conducted at two sitedNarth Sunatra; Sikundur(a naturally recovered site)
and Sei Betung (reforested sit&election patterndor tree andforest structure variables shad no
significantdifference across siteshen modelling nest trees against forest trees. Nest trees had
propertiesthat 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 grourdators 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 predatonaidance 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 expextatlis based on
those ofPrasetyo et al2009) Over 60% of nest trees in Sei Betung Ineldtiple nests suggesting

that there is significant pressure up@neferred nest siteén Sei BetungNest densities were most
closely associated with varils linkedwith forest recoverysuch as higher canopy density, fewer gaps,
increasedugosityand higher stem densitiNest densities were also associated with reduced distance
to the edge of the forest, further research is needed to determine whetheriglige to orangutans
utilisingneighbouring plantatioa Our results show the need for protecting habitat not only for

preferred food species but also nest trees.
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Chapter 1liiterature Review

1.1 Orangutarbiology
1.1.1Distribution and conservation status

Orangutans, species belonging to the geRaesigoare the only norhuman great apesHominidag

currently found in Asi@von Koenigswald 1982)Yhough they once were found across South East Asia
during the Reistocene 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 alTR8XRnus is
represented by three species which are split allopatlyoaith a single species found on Bornéo;
pygmaeughat is made up of three subspecid. fp. pygmaeuy®. p. moriandP. p. wurmbi

(Ancrenaz et al. 201@nd two species on SumatirB. abeliandP. tapanuliensiéNowak et al. 2017;
Singleton et al. 2017; Nater et al. 2013¢e Fig 1 and FR). 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 restrictedo 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)

Page |7



Jantho

Sei Betung _ sikundur

Ketambe® /®Batang Serangan
Y Bohorok
Suaq Balimbing

Batang Toru

Sibuali-buali

_Bukit Tigapuluh

Orangutan
species
distributions and
field sites

Pongo abelii

Pongo pygmaeus

Pongo tapanuliensis
® Research sites

Reintroduction &
Rehabilitation Sites

0 50100 200 300 400

Sepilok

Lokan® @Kinabatangan
Danum Valley@YIu Segama

Muara Lesan

Semenggoh Batang Ai
4 [
Mentoko
Barito Ulu
[ ]
_Samboja Lestari
®Gunung Palung Sungai Wain@.
Nyaru Menteng Tuanan
SabangalTb L4
Lamandaul

7Tanjung Puting

Figurel-1 Distributions of the three extant species of orangutan; P. abelii, P. tapanuliensis and P.
pygmaeus fronWich & IUCN (2016ahe map also displays the locations of all major orangutan field

research sites, reintroduction and rehabilitation sites in Sumatra and Borneo.
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Figurel-2 Orangutan species distrbutions in Sumatra for P. abelii and P tapanuliensis (left
distributions of subspecies of P pygmaeus on Borneo (right) and the major field research
reintroduction and rehabilitation sites on both islands. Distributfoms Wich & I[UCN (2016b,
2016¢)

At present, all three of the recognised species ohgretan are listed as critically endangered by the
IUCN Red LigAncrenaz et al. 2016; Nowak et al. 2017; Singleton et al. 2Ddf)gutans are listed as
such due to the multiple threats which they face from habitat loss and fragmentation for agriculture
and timber extractior(Ancrenaz et al. 2015, 2016; Singleton et al. 204inting 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 captorféndividuals for the illegal pet trade (Shepherd 2010; Freund
et al. 2017).

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

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

et al. 2009a)though there are also instances of meat eating with orangutans being observed
consuming slow lorisedlfcticebus coucangUtami & Van Hooff 1997; Hardus et al. 2012pbon
(Hylobates lar(Sugardjito & Nurhuda 1981grey tree ratsl{enothrix canuysand birds eggéRusson et

al. 2009a) Current records have observations of orangutans feeding on a total of 1693 different
species, this includes 1666 plant species (including fruit, leavdsahd 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)
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1.1.3Sexual dimorphism and male bimaturism
Orangutans unusually display both extreme sexual dimorphism in body size and bimaturism amongst

males(UtamiAtmoko et al. 2009)Male orangutans grow considerably larger than females and also
RSGSt21L) YIS aSO2yRINE aSEdza t OKIFNIOGSNAR o0{{/ Q
flanged cheeks and a throat sack which enable the male to produce lon§Madlkinnon 1974;

Rijksen 1978; Galdikas 1983; Galdikas 1985a; tAambko, MitraSetia, et al. 2009)These long calls

can be used to advertise their presence, orient themselves to other orangutans spatially and
potentially ceordinate a network of loose associations between males and females within the area
(Galdikas 1983; Galdikas 1985a; Askew & MoniBgimard 2016)Mitra Sefa & 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 fom 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 anfHapéon &

Chivers 2007; Utamtmoko et al. 2009a; Utami et al. 2002)

1.1.4Social structure
Unlike all other species of great ape, orangutans are considered to besséitary in terms of social

structure, living in a fissiefusion system, with loose communities organised around a domina
flanged malgMadkinnon 1974; van Schaik 1999; Mi$&tia et al. 2009ather than the large, loosely
organised fissiofiusion groups of chimpanzeel4gn troglodytesand bonobosRan pansicygKuroda
1979; Maryanski 1987; de Waal 1995; Surbeck et al. 28¥lthg stable, cohesive heterosexual groups
that EasternGorilla beringgiand Western gorillag3orilla gorillg live in(Maryanski 1987; Yamagiwa
et al. 2003; Robbins et al. 2004ndividuals live in highly overlapping home ranges with orangutans
occasionally aggregating in or near large fruit trees such as strangling figs (14 irdividtea

observed in one fig tree in Ketamb@ijksen 1978; Sugardjito et al. 1987; Mi8atia et al. 2009)
These feeding aggregations during periods of high fruit abundance such as masting events may develo
into travel bands in which the individuals travel together in a coordinated mafutamiAtmoko et

al. 2009a; Utami et al. 1997; Sugardjito et al. 1987; Mitedia et al. 2009; van Schaik 198fhgleton

& 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 relai{8&syleton & van Schaik 2002;
Knott et al. 2008; Singleton et al. 2008kmale oragutans 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 clustévlitra-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 rangingifidays to months and will engage

Page |10



in sexual behaviours. The consort pair are not mutually exclusive as other females, unflanged males
and adolescents may also associate with the consort(Bainirmann & van Hooff 1986; Utami
Atmoko et al. 2009)

Compared to female orangutans, males are more solitary in nature-ddamnant flanged males in
particular avoid encounters with dominant flaedy males and larger unflanged males in turn are
avoided by females and smaller unflanged males éligra-Setia et al. 2009Flanged males are

highly aggredse to other adult males, in particular they will attack flanged males that are assessed as
weaker than themselveiGaldikas 1985b; Mitani 198B8tamirAtmoko et al. 2009b)Conpared to

flanged maleflanged 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 f(@achiégrmann 1981;
Utami & Setia 1995; Utarditmoko et al. 2009b)Unflanged males associatgth 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 (W4t et al. 2006; van Schaik

et al. 2009; UtamiAtmoko etal. 2009a) Along with associations with females, unflanged males do also
succeed in siring offspring, though mainly with females who are not 1gaseded by flanged males or

when opportunities aris¢UtamiAtmoko et al. 2009a; Banes et al. 2015)

1.2 Nesting ecology
The theee species of orangutans are the largest living extant arboreal mammalian sf@aigsl987a,

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 spe¢ldashimoto 1995; Hall et al. 1998; Blom et al. 2001;
Mehiman & Doran 2002; Kouakou et al. 2011; Samson & Hunt 2014; Serckx et alN&xt@juilding

is a complex behaviour which takes a number of years for a young orangutan to master through
observing their mothers and practi¢ean Noordwijk & van Schaik 2005; Prasetyo et al. 2009; van

Noordwijk et al. 2009)

Nest building is one of the essential skillsich 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 negi¢idean 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 atwll stud
sites to be attentive and appear to be attempting to help by adding twigs, branches or [gaves
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 restingPrasetyo et al. 2009; van Noordwijk et al. 20@) 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 nighgharing 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 technigu@gan Noordwijk & van Schaik 2005; van Noordwijk
et al. 2009)

1.2.1Nestconstruction
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 tock them into a basic nest structure which roughly forms a
butterfly pattern of branch endings that are concentrated into two roughly opposite coffresetyo

et al. 2009; van Casteren et al. 201Bdllowing 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 rifarasetyo et al. 2009; van Casteren et al. 2002)y chimpanzees

of the other great ape species also add mattresses to their ri{Estsh & 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 arling. 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 hasrang 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 wogether to make a solid,

almost waterproof objec(MacKinnon 1971; Russon et al. 2007; Prasetyo et al. 2009; van Casteren et
al. 2012) Such additional features like pillows and roofs are widespread behaviotusbally

restricted to either particular islands or subspediBsisson et al. 2009bJhe 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 secondaryrmsik(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)

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

sleeping platform as the bodies of apes are too large to comfortably sleep on a bare Gramthé&
Hohmann 1996; Stewart et al. 2007; Prasetyo et al. 2009; van Casteaibr?@12) a method for
improving thermoregulatior{Stewart 2011b; Samson & Hunt 2012; Fruth et al. 208\8)iding biting
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insects(Largo et al. 2009; Stewart 2011b; Samson et al. 28@)ffer a safe place to rest, away from

potential predatorgAnderson 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 highality rest and sleep by reducing disturbances in

the night (Fruth & Hohmann 2®; 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 weighioaidep

softer, more cushioned sleep sites (Goodall 1962; Van LaBocklall 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 longedividual sleep stages which thereby leads to
higher quality slee§Fruth & Hohmann 1993; Stewart 2011b; Samson & Hunt 201d3ptive

orangutans the production of more complicated nest designs was found to lead to ftjghéty sleep

and less grosmotor movements and increased overall sleep time (Samson & Shumaker 2013).

Along with offering a cushioned platform which redusg®ss on tissues and pressure points to

promote higherquality 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 bance 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 nestBaldwin et al. 1981; Samson 2012; Samson & Hunt 28y4)uilding nests in

more stable sites which are less likely to move or experience wind sway, apgs@eble to increase
020K LIK2aAOlIf O2YF2NI la ¢Sttt Fa YSyialt ¢gStftoS
night thereby allowing for more relaxed and higher quality slé&pderson 1998; Cheyne et al. 2013)

Both chimpanzees and orangutans have been observed to build their nests in locations to reduce
serious windsway(Goodall 1965; Reynolds 1965; Mackinnon 1974; HORR et&t. A@derson 2000;
Cheyne et al. 2013pamson & Hunt (2012pted that wind sway increased with nest heigtierefore

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 thgaarters (0.74) the elevation of the total tree

canopy, leaving a quarter of the canopmpty. 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)Sdnwon & Hunt
(2012)suggest could be due to site differences in climate as well as the physical attributes of the
RATFSNBYG GNBS &4LISOASE dzaSR i SIFOK aArAiaSeo ¢KAaA
he@d KGé¢ F2NI ySada gAGKAY | GNBS (KIG Aa REBAEEBNYAY

conditions such as average wind speeds, rainfall and exposure.
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Sleeping platforms or nests also offer improved comfort by providing protection froerselweather
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 standsegpcan try to minimise the effects of adverse weather

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

in bonobosg(Kano 1982; Anderson 2000Yhereas 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 véaton in the event of nightime rain and offer more

expose to the morning sun to warm and dBaldwin et al. 1981; Anderson 2006pr 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 hbkeorised 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; Koopet al. 2012; Fruth & Hohmann 1993). ResearcBamson & Hunt (2012)und that

arboreal nests as opposed to testrial nests in Tor®emliki 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 testStelsart (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 tKexaps 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 highi#gudes with lower humidity during the

wet season and avoided lower altitudes when overall humidity was highest and avoided nesting at
altitudes below 800m yeamound due to the higher humidity. Furthermore, chimpanzees nested higher
within the trees duing the wet season than during the dry season as higher nests offer higher
temperatures and lower humiditgKoops et al. 2012a; Samson & Hunt 20C)impanzees 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 tertyresahigh humidity

increases heat loss through convecti@ell & Greene 1984JFurther tothe use of nests for
thermoregulation, western lowland gorilla& ( gorilla gorilljy 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 meicomplex designs with changing climatic conditions and nests
in trees more frequently with increased rainféRemis 1993; Tutin et al. 1995; Mehiman & Doran
20020 !4 620K SEGNBYSa 2F KSIG yR O2fR g2dxd R AY
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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 ifts@tte pathogens by acting as igal 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 mostpes 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 propertiegLargo et al. 2009nd carrying the leaves from plants with mosquito repellent
properties to line their nestéRusson et al. 2007, 2009b; Keteal. 2011) Chimpanzees similarly have

been found to preferentially build nests within trees belonging to the g&byrsometravhich has

natural mosquito repellent propertieSamson et al. 2013Empirical testing b$tewart (2011bjound

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 thebody.

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 siz€Zuberbihler & Jenny 2002pbw densitiegHayward et al. 2006 predominant
distribution in closed forest habitaggehmann et al. 2009; Stewart & Pruetz 20489 in the case of
African ape species living in groups offers greater protection from predators through increased
vigilance and numberSchaik 1983However, there are records of predat (though rare) occurring
on all great ape species with leoparéa(thera pardusbeing 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 predata(Tsukahara 1993; Stewart & Pruetz 2013)angutans due to their more
solitary nature could potentially be at greater risk of predation but only realistically face predation
threats fram three species: large reticulated pythoid/thon reticulatus Sunda clouded leopards
(Neofelis diargiand Sumatran tiger$@anthera tigris sumatrggMackinnon 1974; Rijksen & Rijksen
Graatsma 1975; Rijksen 1978; Sugardjito 1983; van Schaik Blooff 1996)

Such threats from predation though low, could have significant impacts upon apes and their
populations due to their long lifhistories, in particular their slow maturation to reproductive age and
long interbirth intervals due to thaneed for extended maternal cafgan Noordwijk & van Schaik
2005; Jones 201 Btewart & Pruetz 2013 he 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 memb@usick 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 predd8oewart & Pruetz 2013p5uch
anti-predatory behaviours have been observed including alarm calls which chimpanzees have been
observed vocalizing in response to leopafleesch 1991and both Sumatran and Bornean

orangutans in rgponse to tigers and clouded leopaf@&jksen 1978; Lameira et al. 201Bpth
chimpanzees and orangutans have also been observed eavthticks and rocks at perceived threats

such as leopards, lions, tigers and clouded leop&vds LawickGoodall 1968; Rijksen 1978; Boesch
1991; Lameira et al. 2013; Stewart & Pruetz 20T8E building of nest is another such behaviour

which limits the risk of pr@ation (Stewart & Pruetz 2013)

Whilst nests offer apes iproved comfort and more stable sleeping sites, one of the primary functions
of animal construction behaviours is to provide defence from predators. Thigpaattatory function of
nests and other shelters can two forms; concealment and repulsion of attaak detectedHansell

2005; Stewar& 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 largebodied primate on a branc{sugardjito 1983; Prasetyo et al. 2009; Stewart & Pruetz
2013) The primary antpredatory function that has been hypothesised for nest building in apes is that
by nesting arboreally it makes the nest builder inaccessible to potential noctoreddtors whilst the
individual is sleeping and vulneralfi@ewart & 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 Trig@set al.

1995; Brownlow et al. 2001; Ancrenaz et al. 2004a;eRyaset al. 2009; HernandeXxguilar 2009;

Cheyne et al. 2013; Stewart & Pruetz 2013; Hernasdgilar et al. 2013)Given the potential
importance of reducing the risk of predation it should be expected that orangutans and other apes
should take measwas in selecting nest sites which improve the nest sites@metilatory functions such

as by either making access more difficult for a predator or facilitating easier escape for the nesting
individual(Andeson 1984, 1998; Pruetz et al. 2008; Stewart & Pruetz 2013)

Such antpredation adaptations have been observed in the nests of chimpanzees such as nests having
escape routegBaldwin et al. 1981; Anderson et al. 1983)ilding the nest near to the forest edge or
oversNB I Y& 2NJ 3dzA t SeQa G2 Ay ORAMNLAvEGGoME 1988Rrfdini A @S
savannah hhitats 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 pre(adaain 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 whidd be a

method of reducing access to ground predat(®sewart & Pruetz 2013; Hernand@guilar et al.

2013)
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Pruetz et al. (2008pundthat 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
foNDARRSY &d4AyO0S (4KS mMdpnQa | y RPrie2et& | (2008urthdr I NHS L
Yy20SR 00KIG 6KSYy O2YLI NAYy3d GKSANI RFGF G2 SFENIAS
heights had increased coinciding with the recoverthefpopulations 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 FoSgahiart & Pruetz (2013)

found that not only wee 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 cidban 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 predatteswart & Pruetz (2013)

theorised that nest building could be a methoficreating 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 frontriees] 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 f{®@agardjito 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 setree selection for orangutar(Sugardjito 1983; Anderson

2000; Prasetyo et al. 2009, 2012; van Casteren et al. 20h#) has both anpiredatory(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 asas@ther frugivorous
species such as macaques, gibbons, fruit fatgardjito 1983; Andson 1998; Prasetyo et al. 2012)

and biting insects such as arfWhitten 1982b)which are attracted by the fruit. Avoiding nesting in
active frut trees and further from fruiting tress reduces the risk of predatioisagrdjito (1983)
hypothesised that nocturnal predators such as clouded leopards, focus their arboreal search near to
active fruit trees which are frequently visited by nocturnal frugivd@sgardijito 1983; Prasetyo et al.
2009)

1.2.2.5.Ground nesting
The rarity of ground nesting in orangutans is likely an-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 nesitinorangutans is only known for large
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flanged males in Borng@shbury et al. 2(8) 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 dhqackinnon 1974; Rijksen 1978; Sugardjito 1983; Rijksen &
Meijard 1999) The méan 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 amatra(Mackinnon

1974; Rijksen & RijksgBraatsma 1975; Rijksen 1978; Sugardjito 1983; Brodie & Gio&fHI®)

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 {23kg), they are well within the potential prey size of
tigers, with research byHayward et al. (201Zuggesting that the preferred prey size of tigers is 60
250kg, this would place flanged male orangutans at the lower scale of this a{M@kcham & Groves
1990) However, much of the data fétayward et al's (2012nalysis came from tigers in India and

Russia and given the smaller body size of Sumatran tijemsell & Jackson 1998&)should be

assumed that potentially they could target smaller prey so both male and female orangutans (80kg and
40kg respectivelyMarkham & Groves 199D3hould be potentibprey 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 BornéBrasetyo et al. 200#)nd therefore we should not expect to find any
instances of ground nesting in this studyoughthere 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 BBradaksson
2005)and responsible for a number of fatal attacks on humans in Indonesia, Sarawak and the
PhilippinegLang 2010; Headland & Greene 20IHepresence of pythons could potentially be why

terrestrial behaviour is still uncommon in Born@mken et al. 2013; Ashbury et al. 2015)

A number of studies have similaftyund links between increased rarity in ground nesting and higher
predator densities in chimpanzeéStewart et al. 2011; Stewart & Pruetz 201Bjrther to thisStewart

& Pruetz (2013hoted that there was a significant increase in the proportion of terrestrial nests built in
Fongoli between in their studgtewart et al. (2011gompared to the earlier study Bruetz et al.

(2008) Not only were ground nests more common but average nest heights were also lower between
the two studies, these two results suggésat in Fongoli the removal of predators has allowed
chimpanzees to feel safer to build nests closer to the groGtelwart & Pruetz (2013jowever did

note that the period that their studies had been conducted over had also been a period in which the
chimpanzees halleen 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 rermfound(Stewart &
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Pruetz 2013)Other papers have also noted that chimpanzee grenesting generally occurs in places
where predator numbers are lo@Furuichi & Hashimoto 2000; Koops et al. 200¥wever, 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 megven though there is a good population of leopards present as well
(Hicks 2010; Koops et al. 2012b)

In the swamps of La Belgique in Sodifist Caneroon 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 n€Bagg et al. 2013Tagg 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 humans hanaty

entered the swamps and this also allowed the chimpanzees to feed upon preféagaca sppfruits.

As the human hunters focused their hunts in teera firmaforests using guns to hunt arboreal

primates, arboreal nesting would place chimpanzeegg KA IKSNJ G KNBF G 2F GKS K
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. 201®8)ugh in this instance the high rate of poaching led to

an increase in ground nesting in two other studies in the Democratic Republic of Gtiok®2010)

and CamerooifLast & Muh 2013)ncreased 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 aré Isatipler, quicker and easier to construct and

use less energy to produce than arboreal n€$tagg et al. 2013¥round 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(Sewart 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 energett of ascending and descending trees to
access the nefSamson & Hunt 2012¢round nests also offer safer, more stable nests and potentially
longerperiods 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 faildiedling from the nes{Brownlow et al.

2001; Samson & Hunt 2012s such, gorillas have been observedltandon arboreal nests in favour

of bare ground during dangerous storms as safety outweighed comforthe threat from ground

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

arboreal nest§Samson & Hunt 2012)

Compred 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, Gabamuichi et al. 997)to 96.2% of nests built in La
Belgique in CameroofWillie et al. 2014)Not only do gorillas more regularly build ground nests than
other ape species but sometimes efeon the bare earth without constructing any form of night nest
which is a behaviour not shared with any other ape spediaetin & Fernandez 1985; Fay 1989; Remis
1993; Yamagiwa 2001; Mehiman & Doran 200&)o tteories 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
availabledue 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 thei¥i@magiwa 2001)n spite of their

large body size, even mature male gorillas haserbrecorded building arboreal nests, though the
majority of arboreal nests are built by juveniles and fem@ésmagiwa 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. Theadability 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 e tropical forests of Petit Loango THYV 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 signififamore arboreal nests being built in Lopé to
potentially avoid nesting on the damp grouiilliamson 1988and in Bai Hokou similar tendencies

were reported byRemis (1993\ho suggested that increased feeding on arboreal fruits may be
responsible for higher incidences of arboreal nesting during the wet sg¥smnagiwa 2001)'hough
terrestrial nesting is far more common in gorillas and their large bodyesizludes 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 gorillg&challer 1963; Tutin 1992; Fay et al. 199%ith such threats,

arboreal nesting may be an amtiedatory response by gorillas in particular immature individuals

whilst they are vulnerableramagiwa (200Xpund that the dominant silverback may also play a part in
protecting the troop from both pedators 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

Page |20



nests and following the joining of a new silverback to the group the immature indigigdtith produced
FS6 3ANRdzyR ySada a GKSe Yle KIFE@S y2i GNMz&AGSR

males.

There is significant support for ground nesting and nesting lower in trees being a sex linked behaviour
with male chimpanzees in Badgo, Ugand@&Brownlow et al. 2001nesting lower than females, along

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

2007, 2012h)Male orangutans have also been observed to nest in lower more stable positions than
females or juveniles in Kutai National PéRayadin & Saitoh 20Q09s in other ape species, arboreal
nests are most frequently builty female and immature gorillas, with mature silverbacks rarely
producing arboreal nests and the predominant producers of ground ri¥stsagiwa 2001; Mehlman

& Doran 2002)Sexual dimorphism and the significantly larger size of mature males compared to
female and immature apes plays a significant pathis 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 increa®&smagiwa 2001; Koops et al. 2012b)
However, though both oragutans 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 o
an effect upon nest site selection for either spedieg&hmond & Jungers 199%lternatively, the

higher incidence of ground nesting in male chimpanzees and bonobos could have arisen due to mate
guarding behaviours with med building ground nests beneath the arboreal nests of females in oestrus
as has been observed in bonol@suth & Hohmann 1993)nd has been suggested for chimpanzees in
Nimba(Koops et al. 2007).aterresearch byKoops et al. (2012iljowever found no support for this

theory as many of the pairs of elaborate ground nests and arboreal nestsaitees 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.

1.2.3Nest 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 otlj@rerenaz et al. 2004a; Stanford &
hQalttS@ wnnyT tNraSagez2 SiG Ftd wnndT Ly [ aGS
2014) Nest site selection and nest position can be influenced by both comfort and predator avoidance
with certain nest positions and nest sites lendingrthto provide either greater comfort and stability
(Arcrenaz 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 builde(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 havesbn found to have a high rate of reutilisation which could lead to
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more frequent interactions and competition for ideal nest sif@elgado & Van Schaik 2000; Ancrenaz
et al. 2004a)Nest positions have been linked to ontogendtifference 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 positi®eyadin & Saitoh 2009;

Prasetyo et al. 2012 here 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
favouringthe 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 201This has been suggestedite 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 foregisisetyo et al. 2009)

Ancrenaz et al. (2004lbpund Bornean orangutans were signéintly preferring nesting in the largest
available trees in Kinabatangan (KOCP) w@itgtyne et al. (2013pund 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 selectioth studies due to

the lack of large ground predators in Born@mcrenaz et al. 2004a; Cheyne et al. 20R&ther than
predator avoidance &ith 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 select@shcrenaz et al. 2004a; Cheyne et al. 20U8KOCP 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
guality, relaxed sleep as theigless need to be alefAncrenaz et al. 2004bCheyre 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 positivglselecting 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 reduc@Nsvediy& 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 loggedrod@ years ago and has been allowed to naturally recover
(Knop et al. 2004; Priatna et al. 200@)ereas Sei Betung was prevityan illegal oil palm plantation
which was clear felled and since been replanted over the last 15 €atide & Koh 2014; Wich et al.
2016b; Hartini et al. 2017Yhis difference in disturbance level$er$ 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 miadile trees as suggested Byicrenaz

et al. (2004a) and Cheyne et al. (20148 tigers are confirmed to be in the area surrounding our field
sites(Luskin et al. 2017}his therefore also allows us to test the aptiedator hypothesis as unlike in
both studies byAncrenaz et al. (2004a) and Cheyne et al.( 2pi&)ators which are a threat to adult

orangutans are present.

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

numbers for orangutans ranging between 3% in Danum Véflagamori et al. 2017 31.9% in

Birawa in East KalimantgRayadin & Saitoh 200@hereas for chimpazees figures range between 6%
(Stewart et al. 2011and 13.8%Plumptre & Reynold$997) for gorillas its rarer, between 2.8%
(SunderlaneGroves et al. 2009nd 4.1%Iwata & Ando 2007and extremely rare in bonobos; 0.2%
(Fruth & Hohmann 1996Y his higher rate of nest reuse by oratens has been posited to be due to
resource limitationgRayadin & Saitoh 2008% orangutans build larger nests than chimpanzees
(Groves & Sabater Pi 198%)d build nests higher than gorillélsruth & Hohmann 1996jhus the

number of pdential 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 distuditgs 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% respectiyAlydrenaz et al. 2004a; Rayadin & Saitoh 2009)
when compared to sites with medium levels oftdrbance such as Tanjung Putting and Gunung
Palung National Park (9.51% and 12% respecti{@¥inson et al. 2005; Prasetyo et al. 20d4r2] less
disturbed sites like Danum Valley and Ketambe (3% and 6.2% respecivakdtyo et al. 2009;

Kanamori et al. 2017)

1.3 Nest position selection
Nest position selection has been less studied in Sumatra,Sugardijito’'s (1983eminal study

reporting that Sumatran orangutans prefer nesting higher in the canopy and within larger trees.
Because of the presence of Sumattieyers and dholes this may be an aptedatory 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 ngfteasetyo et al. 2009%tudies by botlRayadin &

Saitoh (2009) and Prasetyo et al. (20ft2)nd that immature Bornean orangutans nest higher within

the canopy than adults and tended to build steahests 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 siRijksen 1978; Wilting et al. 2006; Matsuda et al. 2@08)efore

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 predatordarge adult orangutans are generally too large for either of these
predatory species to normally be able to KRijken 1978; Wilting et al. 2006; Matsuda et al. 2088)

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. Battadin & Saitoh

(2009) and Prasetyo et al. (20Xaund that adults nested lower in the tree than juveniles, built larger

nests andn 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 nurfr@setyo et al.
2009; Stewart 2011kthoughKoops et al. (2012hyere unable to find evidence for mosquito densities
differing with height or altitude but this may have been due to limited sample sizesray 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 tre¢Stewart 2011h)as orangutans have been observed nesting in trees with
mosquito repellent propertiegLargo et al. 2009nd carrying leaves and branches from such trees to
line new nestgKuze et al. 2011¥0 the antivector hypothesis cannot be discounted but may be less
associated with negposition 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 drawbdgreésed 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 fai{@a@mson & 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 height®rasetyo et al2009; Badji et al. 2017)

_FFtH

Position 0 Position 1 Position 2 Position 3 Position 4

Figurel-3 Nest positions of orangutans as proposed in the University of Zurich Orangutan Network standardise
methods (University of Zurich 2015)

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

(position O)(Prasetyo et al. 2009; Orangutan Network 2DTHese five positions are based upon the
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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 treedstd 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 plat{Bhrasetyo 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 sizth age(Markham & Groves 1990the 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 podigimg usedRayadin

& Saitoh (2009hoted 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 mgltdsenefore

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 weighfHernandezAguilar et al. 2013)Position 1 nests being the lowest to

the ground anctlosest 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 positiontdubkeir significantly larger body
size and reduced susceptibility to predatigBugardjito 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 heigthtis &sould 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 anch@sts 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 accesparath
routes(Stewart & Pruetz 2013)ut if built withina wellconnected tree or one that is close to its
neighbours also offers an easier escape rdétedersoret 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 wold 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; Hernanéigailar 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 positiqiternandezAguilar 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 treg 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 roytgamson & Hunt 2014 open savannah areas with large numbers

of predators chimpanzees have been observed nesting higher within the tree crowns and in many
cases open crens with little to no cover above them to reduce the directions from which a predator
may access the nest or attaBaldwin et al. 1981; Anderson 2000; Pruetz et al. 2008; Stewart & Pruetz
2013; Badiji et al. 2017)f 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 preferencegtingén the upper

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

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

In most forests Pdtion 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 Bakigpbing (peat swamPrasetyo

et al. 2M9). 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 beeotised 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 fonforming 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 populgtran Schaik et al. 1995;

Hashimoto 1995; Johos et al. 2005; Cattau et al. 2019he 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; Husdaal.€2009; Wich et al. 2012; Spehar &

Rayadin 2017)r abiotic disturbance such as forest f(RRusson et al. 2015previous studies have

shown that orangutans are able to cope with minor disturbance from humans such @stémsity

selective loggingKnop 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 logdamgl clearance and planting of plantations;

with these actions having already had sever impacts upon orangutan populéanss 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. 2018Hunting has been found to have a huge influence upamgutan numbers

in the vicinity of settlements that hur{tMarshall et al. 2006; Wich et al. 2012Bhe use of

reforestation sites by orangutans is less well undesdttKng 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 vanaturally 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
(MantykaPringle et al. 2015; Ancrenaz et al. 2016; Wich et al. 2(Biégjeton 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 sirevial

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 otangaopulations and habitat
preferences and the effects of anthropogenic disturbance such as hunting and I¢g@mng8chaik et al.
1995; Russon et al. 2001; Buij et al. 2003; MortBgmard et al. 2003; Felton et al. 2003; Knop et al.
2004; Johnson et al. 2005; van Schalik et al. 2005; Mathewsdn2008; Spehar et al. 2010; Prasetyo

& Sugardjito 2011; Wich et al. 2012b; Cattau et al. 20E8)en the continuing deforestation and
AYONBIFaAAY3I NIXrGS 2F KdzYly RA&AGdz2NDFYOS | ONRPaa (K
cope and utilise thse changing habitats is crucial to their conservafidlichet al. 2016; Voigt et al.

2018)
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gradually their habitat becomes ever more influenced by people it is important to learn and

understand more about orangans 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 fores$itseeréo have

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

the cambium ofAcaciamagniumtrees(Meijaard et al. 2010; Campbéimith et al. 2011a, 2011b; Wich

et al. 2012a; Ancrenaz et al. 2016; Spehar & Rayadin 20hderstanding how orangutans utilise

recovered sites and reforestation site will help tapide 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 Threatsg habitat loss, degradation, confled 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 m@mism than othergMyers 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 IndBurma, showing the importance and value of this region of the world to global
biodiversity R NBf S | a | & NHzSMyess éteh ROGE Bvalis 2026fhougMSBuRi @ S N
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 aml 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 yediSatib et al. 2010)

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

LJ2 Lddzf F A2y 2@SN) G§KS LI -‘dieasing gobaDdeyiainaimdiFo&izsd produgtsR (i
(Meyer & Turner 11 1992; Laurance et2014) 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 giifes 2013;
Worldometers.info 2019)This rapid increase in human population has brought with it an increased
pressure upon the environment through populations seekirgptgces 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 fof@st&oninck & Dery

1997; Sodhi eal. 2004; AlvareBerrios & Mitchell Aide 2015; Drescher et al. 20T8)is increase in
deforestation, agriculture and resource exploitation is fuelled by the global demand for these products
originating from these tropical lands such as the demandrfipical hardwoods in Chingaplinsky et

al. 2011) palm oil in China and Ind{glansen et al. 2015yold and other precious metals and gems

driven by the constant annual rate of increase in international gold p(®egnson et al. 2011,
AlvarezBerrios & Mitchell Aide 2015; Akpalu & Parks 2@i#) the increasing global demand for meat

and increased meat consption (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 experiendiegsecond highest rate of
deforestation amongst tropical countries behind Bré@d&nsen et al. 2008; Harris et al. 2012; Stibig et
al. 2013; Abood et al. 2015%ince 1950, Indonesia has lost an estimated 68 Mha (millionresgtaf

its forest land to logging and conversifFsujino et al. 2016)vith 0.82 Mha of forest lost per year in
the decade between the year 2000 and 2010 which accounted for 56% of the total lfise$tr South
East Asia during this tim(&tibig et al. 203; Abood et al. 2015)he planting of monocultures of cash

crops such as oil palriElaeis guineengisrubber Hevea brasiliensiscandlenut Aleurites moluccangs
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and fast growing tree species suchfascia mangiunfior pulp production along with mied

agroforestry operations have been principally responsible for the conversion of forest lands within
Indonesia(Robertson &an Schaik 2001; Wich et al. 2011a; Voigt et al. 2Q1R)ging 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 cormessiil palm plantations and

coal mining in the decade between the year 2000 and Z@&4®od et al. 2015) Along vith 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 swahorangutans (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 @Cdiimonier et al2010; Margono

et al. 2012, 2014; Drescher et al. 202guch of the deforestation on Sumatra is associated with prior
forest degradatior{Margono et al. 2012, 2014yith the principal actions causing this degradation
being agricultural incursions, timber extractiofGaveau et al. 2014a; Linkie et al. 2044Jl fires
(Gaveau et al. 2014b; Sloan et al. 20&ith much of this being illegal.

The rapid rate of forest clearance and land conversion along with the rapidly growing human
population on Suma# has serious implications for orangutgsicrenaz et al. 2016; Singleton et al.

2017; Nowak et al. 2017; Wich et al. 201B)e 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 popul@timigt 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 oratugan densities
Areas with more recent or more intense logging have significantly lower orangutan densities than

those where either the forest has had time tecover, where the logging and disturbance was less
intense or that were left intacfRao & 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. R0é&)studies have found

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

difference in orangutan density from that of unlogged ar@ascrenaz 2004; Ancrenaz et al. 2005;
Marshall et al. 2006; Husson et al. 208@crenaz et al. 201@nd similarly in areas which have had a

significant amount of time to recover since disturbance (>30 y€Krs)p et al. 2004)

The reduction in orangutanumbers 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 numbess therremoval of
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large trees and important food species leading to lower fruit availability in these areas reducing their
carrying capacity for orangutaifRao& 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-goifip fruits is a strong

predictor of orangutan densitigwan Schaik edl. 1995; Buij et al. 2002; Wich et al. 20Q4bjhese
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 frui

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 whrelsents 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. 200). 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 scaldragmentation of the canopy (Pereira et al. 2002he Temoval 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
(Ancenaz 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 ar@regory et al. 2012; Spehar & Rayadin 20Dégraded
forests such as those which have been selectively logged and those naturally regenerated after forest
fires are also utilised by orangutans thoudjeir densities are lower in the more degraded aréidao

& van Schaik 1997; Felton et al. 2003; Husson et al.; 2Y@8etyo & Sugardijito 2011; Cattau et al.

2015; Russon et al. 201%)rangutans 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
pocketsof the site(Wich et al. 2016; Prasetyo & Sugardjito 2011; Ancrenaz et al. 2(Pdd) heavily
converted areas such as oil palm plantagppaper and pulp plantations and agroforestry areas have
been found to be utilised by oranguta(deijaard et al. 2010; Campb&mith et al. 2011a; Ancrenaz

et al. 2015) An assessment biyeijaard et al. in 201@und unexpectedly high orangutan detiss

within Acaciaplantations (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.

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

hunters to enter the forest and reach further into the forest also incregBesson 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 aldt&rshall et al. 2006; Ancrenat

al. 2004; Husson et al. 2009junting 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 agatans being removed from those forests and
not actually avoiding thenfMarshall et al. 2006; Wich et al. 2012Brangutans are hunted for
bushmeat, traditional medioe and for the exotic pet trad@viarshall et al. 2006; Wich et al. 2012b;
Davis et al. 2013; Nijman 201 Hunting for food occurs most notably in regions where plopulation

are majority nonMuslim in parts of North Sumatra and Borneo as for Muslims the consumption of the
YSFEG 2F LINARYF GSa (Rijgsen@aijard FOSONBIR et@lK2014a, X042b; Davis et al.
2013) The capture of orangutansjainly infants for the pet trade occurs in two instances; as-a by
product of the killing of the mother from confli&illing when found crop raiding in plantations and

from hunting specifically for the pet trade where hunters deliberately target adulafeswho they

kill in order to take the young for the pet trade regardless of whether they were-@ijing or not
(Nijman 2009; Campbefimith et al. 2010; Wich et al. 2011a; Freund et al. 2017)

Hunting for trade offers further thgats 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 Taiwart@d®80 and

more recently Thailan¢Nijman 2009; Nijman et al. 2017he number of individuals that have died for
2yS aAy3atS AYRAQGARdzZ t G2 NBFOK I 0ANR YIFN]Sidz
(Nijman 2005, 2009)Conservative models Nijman (2005) put this at 2 but more realistic models
placed this at 4, other sources have suggested loss rategl Rksen & Meijard 199@nd even up to
8-10(Galdikas & Bggs 1999)However, it appears that Bornean orangutans are the species
predominately traded rather than Sumatran orangutans and Bornean specimens even appear in
Sumatran marketgNijman 2009)Also there appears to be a shift in recent years away from the trade
in apes in Indonesiand increase in the trade in lorises and smaller monkey spédigsan 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.

1.5.3Vulnerability to extinction
Orangutans have the longest intbirth interval and latest weaning age affiy great ape and receive

the longest period of unshared proximity to their mother among the great épas Noordwijk et al.
2009;(van Noordwijk & van Schaik 200%heir long interbirth interval is one of the primary factors

which make orangutans so verable to extinctionvan Noordwijk & van Schaik 2005; van Noordwijk
etal. 2009; Jones 201®) h NJ y 3 dzil ya Q &f 2 ée highlyls$ceptibléitd exdedsivey S | y
mortality or harvest due to the time required to replace lost memb@isisick 1999)Large mammal

species in the tropics such as orangutans are particularly at risk of extifetionet al. 2009ue to
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the rapidly increasing human populations in the trofdigdsnes 2013; Drescher et al. 2046} 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 resdGmaisi

et al. 2004, 2010; Marlier et al. 2015; Drescher et al. 2016; Hughes. 2@t cover change is
expected to have a huge impact on orangutan humbers with climate change and the expansion of
agriculture as well as a number of largeale infragucture projects planned in sensitive areas
(Struebig et al. 2015; Wich et al. 2016@yangutans also face added pressures of hur{thwens &
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
(MantykaPringle et al. 2015; Jantz et al. 2015; Loo et al. 2015; Hughes 2017; Sloan et al. 2017)

1.5.40rangutans in Sumatrheuser 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. 20IIMeseparate population of Tapanuli
orangutans are found in the Batang Toru region to the south of Lake(Nualveak 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 ceoccur naturally(Sloan et al. 2018ayVhilst a large portion of the Leuser Ecosystem falls
within the boundaries of Gunung Leuser National Park and established as a Natiore]iSthata 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 illegafl/ich et al. 2011a; Sloan et al. 201.8b)e Leuser Ecosystem is
currently the subject of infrastructure development plans which are being abedebetween the

regional and central governmen{$ata et al. 2014)

adzOK 2F [ $dzaSNDa OdNNNByYyld yR FdziidzNBE GKNBF & | N
the push for infrastrué dzZNBE RS @St 2 LIYSy i 6AGKAY GKS ylLGA2YyI §
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 DangetidieSIdNA 2 dza | Y
ALISOATAOE Ay F(NO 2018y 8@ edz2NB01Theshlfrkais anclude a number road

building projects which have already had significant impacts upon Leuser by facilitating smallholder
agricultural encroachment along these rod@aveau et al. 2009; Linkie et al. 20a4) a larger

highway has been planned vehi would bisect the WHS but it has currently been stayed by the central
government but a reapplication is pending by North Sumatra provi8tman et al. 2018aYhere are

also curently plans for building a number of electricity generation plants, hyaleztric dams,

geothermal power plants and electricity transmission lines within the Leuser EcosiSimm 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 infrastructte 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 Tidtawak et al. 2017; Sloan et al. 201.8&8)number of

road building projects, the zoning of 14% of habitat for agriculture and eligibility for conversion and the
proposed building of Aydroelectric 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 he 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 giojefer 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 wdlepth study of nest siteedection 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 difficultto find (Prasetyo et al. 2009; Tagg et al. 2018 orangutans build nests daily and
spend significant proportions of their time resting within nests reg(Nowak & Singleton 2016y} 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 teiggomore 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 rséing 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 atangest site
selection have discounted the predation avoidance hypothesis when those previous studies were
conducted in Borneo where predation pressures are almostexstent for adult orangutans besides
from humans, whereas in Sumatra adult orangutares potential prey for tiger§Sugardjito 1983;
Ancrenaz et al. 2004a; Cheyne et al. 20T8)js study offers the potential to truly test whether

predation or comfort through improved quality of sleep has greater influence upon orangutan nesting
in Sumatra. Furthenore, both studies byAncrenaz et al. (2004a) or Cheyne et al. (2@4i8)dto

consider nest positions which &ewart & Pruetz (2013)oted that by comparing nest positions
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within trees is it possible to control for other cresite differences in other variables with may
influence nest characteristics such as nest height. By investigatgtgasition as well as nest site
selection we are able to truly test whether orangutans are building their nests as apradtitory

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 differaspects were chosen to understand how forest
structure influences nesting across three scales; the tree the nest is built in (nest tree), nest height and
LRAAGAZY 6AGKAY GKS ySad GNBS yR flLaidfel GKS y
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 beginmiith 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 | will povide 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 comparethtse 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 pogioning 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 largeetrén the area or if it is a geographical/cultural
difference between orangutan populations and species as was hypothesigeddsetyo 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 drivery lsomfort or predator avoidance unlike the previous

studies from Borneo bjncrenaz et al. (2004a) and Cheyne et al. (2013)

/ KFLIWGSNI nQa F20dza Aa dzll2y (GKS AyFfdzsSyOS 2F ¥F2N
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 femoh 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 lowlard forests of North Sumatra. Information gaps and areas which demand further research

attention are also highlighted.
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Chapter 2Nestsite selection in Sumatran orangutami®(go
abelii)in the disturbed lowland dipterocarp forests of North

Sumatra

John P.D. Abesathy, 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 slear by all great ape&oodall 1962; Mackinnon 1974; Sugardijito 1983;

Fruth & Hohmann 1993, 1996; Tutin et al. 1995; Prasetyo et al. 2009adults building new nests
almost daily(van Casteren et al. 2018 numberfunctions for nest building have been hypothesised
including improving sleep quality through comfort, improved thermoregulation, biting insect

avoidance and redueg the risk of predatioilAnderson 1984, 1998)

One of the most important functions a nesffers is improved physical comfort whilst sleepthgough
the provision of a comfortable platform to sleem and cushioning through the weaving of small
branches and addition of soft leavSoodall 1962; Van Lawi€koodall 1968; Stewart et al. 2007;
Prasetyo et al. 2009, 201Zecondly nests offgrrotection from adverse weather conditions such as
rain and strong windéGoodall 1962; Kano 1982; Andenst984; Prasetyo et al. 2009; Cheyne et al.
2013)as well as avoiding the wet and damp ground in wetter habitats or during rainy se@semss
1993) Improving quality of sleep through comfort could be considered one of the prifaacfions of
nest buildingas the provision of a comfortable platform to sleep on allows for drigiuality rest and
sleepby reducing disturbances in the nigahd reducing strain on the musculatufieruth & Hohmann
1996; McGrew 2004; Stewart 2011byv@asteren et al. 201M)ests 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 amctiprot

in the case of bunk nests for young individudsd<innon 1971; Anderson 1984, 1998; Russon et al.
2007; Prasetyo et al. 2009; van Casteren et al. 201®)se nests with more complicated designs have

been found to lead to better, more high quality sleep in orangut@esmson & Shumaker 2013)

Sleeping in arboreal nests also potentially offaproved thermoregulation by aiding in the reduction

of heat loss at night and avoiding higher day time temperatures and hungiitgerson 1984, 1998;

Fruth & Hohmann 1993; McGrew 2004; Stewart 2011b; Prasetyo et al. 2012; van Casteren et al. 2012;
Koops et al. 2012alowever, research bamson & Hun2012)found that compared to ground

nests, arboreal nests actually experienced greater temperatures, wind sway and heat stress but

experiened much lower humidity level&oops et al(2012)found that nest site selection of
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chimpanzees in the rainforest habitat of Seringbara appe&wduk 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 irrainforest environments would be more beneficial to an individuals comfort and

health ashigh humidity reduces the efficiency of heat loss through evaporation and conversely in

colder temperatures high humidity increases heat loss through conve(ielh& Greene 1984\s

020K SEGNBYSE 2F KSIG yR O2tR ¢2dd R Ay TfdsSyOS
to include aspects of thermoregulation such as nest height and canopy closure above the nest as part

of the overall sleep comfort hypothesis.

Nestsalso offerprotection from biting insects and disease vectors such as mosquitoasting as

physical barriers tasuch vectorgMcGrew 2004; Nunn & Heymann 2005; Prasetyo et al. 2009; Stewart
2011b; van Casteren et al. 201Eurthermore certaintree species used for nesting could also have
chemical properties which act as repellents to mosquitoes and other biting insects gStselart
2011b;Samson et al. 2013; Samson & Hunt 20B#&th chimpanzees and orangutans have been
observed to preferentially nest in trees known to have mosquito repellent propgitiago et al.

2009; Samson et al. 201At some field sites orangutans fealso 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 properti€Russon et al. 2007, 2009b; Kuze et al. 20Bdjpirical

testing byStewart(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 dfoopd.et

al. (2012)however in their research into the nesting habits of chimpanzees in Seringbara found no
evidence to support the antiector hypothesis, however this is a single study ateldifferences in

climate, predation pressures and human pressures have all been found at different sites to be
significant predictors of nest site selectifffruetz et al. 2008; Koops et al. 2012a; Last & RAS;

Tagg et al. 2013However, such doubts and the difficulties thaiops et al(2012)experienced in

trapping mosquitoes as well as thack of botanical knowledge to know whether any of the plant
species at our field sites had mosquito repellent properties meant that | did not further investigate this
KelLRGKSaAa o0dzi L RAR y2i0 RA&O2dzyd AGQa LIRGSYyGA

Theother 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 breakingtasilhouette with the leafy structure of a nest,

secondly and most importantly, arboreal nesting reduces access for predators to approach the sleeping
nest builder(Sugardijito 1983; Pruetz et al. 2008; Stewart & Pruetz P0Nests produced by

chimpanzees have been observed to have suchmetiatory adaptationsuch as having escape

routes(Baldwin et al. 1981; Anderson et al. 1988)ilding the nest near to the forest edge or over
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savannathabitats building higher nests with less overhead vegetation and more clumped together as a
group which could be seen as methods of redutivegability fornocturnal predatordo approach or

kill an individual unsee(Baldwin et al. 1981 urther to this, chimpanzees in Issa have been found to
select trees that are both taller and larger and with higher first branch heights ttiear suitable trees

in the vicinitytherebyreducing access to ground predatg¢&ewart & Pruetz 2013; HernandAguilar

et al. 2013)

Aduk 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 pyiythsif
reticulatug, Sunda clouded leoparddéofelis diardi, Simatran tigers Panthera tigris sumatrge
(Mackinnon 1974; Sugardjito 1983; van Schaik & van Hooff 1996; Rijkserah@78) the African ape
species leopard$@anthera pardus(Boesch 1991; Fay et al. 1995; Stewart & Pruetz 28i@)ions
(Panthera lep(Tsukahara 1993re the main potential predator$dowever low the potential risk of
predation, the potential impact predation can have umpapes and their populations would warrant
taking such precautions. Orangutans along with all other apes lbagdife-histories, in particular the

are slowto mature and reachreproductive age anflavelong interbirth intervals due to the need for
extended maternal car¢van Noordwijk & van Schaik 2005; Jones 2011; Stewart &220&3) This

long life history of apes makes thgmarticularlysusceptible to the pressures of excessive mortality
through predation and hunting due to the time required to replace lost memdissick 1999)
Therefore though the risk may be low, and building arboreal nests may expend more energy than
building graund 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 ananly forBornean orangutanand is completely unhed of in SumatrgAshbury et al.

2015) This likely due to thgreater number dground predatorsn Sumatra wher&umatran tigers

dhole (Cuon alpinus sumatren¥end clouded leopardare all still present, whereadouded leopards

are theonly one of these three species found on BoriiBoodie & Giordano 2013)arge adult

orangutans are generally too large to be predated on by clouded leopards but juveniles are within the
size category of thejpreferred prey. Clouded leopards have been recorded preying on proboscis
monkeys KNasalis larvatuswhich are comparable in size to juvenile orangut@iidting et al. 2006;
Matsuda et al. 2008)Adult orangutans however do fall into the preferred prey sizes for tigers
(Hayward et al. 2012bjas 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 Borné¢estern gorillasGorilla gorillg in Gabon have been observed to
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select nest sites which minimise disturbance by elephdmgddonta cyclot)gTutin et al. 1995;
Anderson 1998)it could be posited that avoiding disturbance by elephants which are present in both
Sabah Elephas maxins borneens)sand Sumatral. maximus sumatren$isould also play a part in
nest site selectioms the majority of reports of ground nesting in orangutans come from Kalimantan
where Bornean elephants are absent as are the ground predators found in Su(@atudhury et al.
2008; Ashbury et al. 2015)

Though the howGoodall 1962; Fruth & Hohmaid®96; van Casteren et al. 20k)d whyapes build
nests(Anderson 1998Stewart et al. 2007, 20119 relatively well studied, the factors influencing the
selection of nest sites is still relatively understudiesghecially when comparing previous research on
orangutans against the African great agBsasetyo et al. 2009; van Casteren et al. 2002angutan
nest site selection is known to be selective as certain tree species have been observed to be more
preferred than others wih the most common tree species not always being the one used most often
for nesting(Ancrenaz et al. 2004; Prasetyo et al. 2010; vane@astet al. 2012; Cheyne et al. 2013)
One of the mostvidelyreported aspects of orangutan nest site selection is the avoidance of nesting in
fruiting trees (Sugardjito 1983; Anderson 2000; Prasetyo et al. 2009, 2012;asterén et al. 2012)
This has been linked to both predator avoida8egardjito 19833s well as avoiding sturbance from
other orangutans as well as other frugivorous species such as macaques, binturong and fruit bats
(Sugardiito 1983; Anderson 1998; Prasetyo et al. 2012; Colon & Caxngaiz 2013as well as biting
insects such as anfgvhitten 1982)

In recent years there have been a numbestifdieswhich focusednore upon nest site selection an

how the structural properties of the tree may influence this. For exanyale,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 weresed 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 &eacardiacea@and Elae@arpaceae

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 indsewith 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 iextremely tall treesbut the heightat which they built their nests was within

the upper canopy(Cheyne et al. 2013These properties help to reduce sway in the wind and provide
greater nest stallity (Nicoll & Ray 1996; Soethe et al. 2008)other paper which examined nest site
selection of orangutanwas that byAncrenaz et al2004)who studied neshgbehaviousin a

disturbed forest in Sabah, Malaysincrenaz et al2004)found that rest site selection was
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influenced by the forest structure and composition with nestéinlg built in the tallest trees available
Further to this, m the most disturbed areasest tree reuse or trees with multiple nests were found in
greater frequencies than in less disturbed sites, nest tree reusiglidy variable between study sites
though there does appear to be link between disturbance levels and increased nest sitéRayadin

& Saitoh 2009; Kanamori et al. 201%)milar to these studies, in this study our aim ianiderstand

what the principal drivers of nest site selectiare for Sumatramrangutansand how thesemay be
influenced by the structural properties of the trees within the site and how changes to forest structure

maythen alternest sitepreferences

Understanding how human disturbance influences forest and tree structure astdsite 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 conited 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 201@argono et al. 2012; Supriatna et al. 201F9rests 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 stiee loggingHall 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 morgimplified vertical structuréNorris 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 asa$e taller, larger trees were found to be preferentially selected as

nest sites in Borne@Ancrenaz et al. 2004a; Prasetyo et al. 2012; Cheyne et al..2013)

Ancrenaz et al2004)found that an increase in disturbance and the removal of preferred nest trees
increaseselection pressure on the remaining potential nesesand increases the probabilithat
orangutanswill needto 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 branchg, creation of forks and other deformities which could lead to an even greater rate of
reutilisation due to the increase in these useful proper{i@gewart et al. 2011)Ancrenaz et a2004)
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 whish R G 2 ONXS I (i AReyhcr@aFed & OA f f |
reuse of nest sites due to these changes in crown structure which allow for easier nest creation is a
F2NY 2F AayAOKS O2yaidaNUzOGA2YEé |y RStéMartiet ak ROYA f | NI @
This increase reutilisation of nest sites and formation of villages could lead to what is normally a semi
solitary speciesding forced to come into contact more frequently with other individy&elgado &

Van Schaik 2000urthermore, in disturbed habitats these modified trees may be highly utilised by the

orangutns 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 biffieding 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 loggimgplogtance 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 deloping 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

G lj daletér vy S(Bdrgart &I 2007Therefore, being able to understand and qtiey 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 didse 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 pds 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..ZDirAins areto 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 tieppapers 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 $& 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 lefdisturbance and

allow usto 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 clute that comfort is what drives orangutan nest site
selection as opposed to antredation, in this study we will also consider the properties of the nest

trees and how these may link to both drivers.

2.1.1Hypotheses:
1 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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1 As the sites are expected to have significantly different fosasictures, 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.

9 Astigers are known to be in the vicinity of digld sites(Luskin et al. 201%ye expect to find
few if any ground nests at either field site.

1 Furthermore, we expect to find nest sites selected that have properties that support the anti
predator hypothesis, in particulargreater preference for nesting in taller trees and trees with
higher first branch heights than what is otherwise available at each site.

1 Following form this point, the expected outcome from the model averaging is to find that FBH
and tree height are the ngi influential variables in the models for predicting nest site
selection.

1 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 speciesithan
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.

1 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

2.2.1Study Sites

¢CKA& addzRe ¢l a O2yRdAzOGSR +id G2 FASER aridsatT {
ResortSei Slidzy3 6ncoQbX cdycntQ9ud . 204K aridisSa tAS Ay
Leuser Ecosystem in the Langkat district of North SumKtnag et al. 2004; Wich et al. 2008; Marshall

et al. 2010; Hartini et al. 2017;&#oi 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 @ypWilde & Duyfjes 1996; Knop et al. 2004; Priatna et

al. 2006; Wich et al. 2008b)he research station in Sikundur is currently managed by the NG&P S
(Sumatran Orangutan Conservation Programme) with field assistants conducting daily follows of
orangutans for behavioural researc®ei Betung is a former illegal oil palm plantation that has been
actively restored and reforested through the plantings®0,000 seedlings of 97 indigenous tree

species across an area of 250(Kattle et al. 2014)Sei Betung is managed by the NGO OIC ¢Ditan
Information Centre) who are leading the reforestation work at the site and are beginning to study the
orangutans thereThe two sites are approximately 9km apart but differ considerably with Sikundur still

having stands of primary forest and seleetiwlogged areas which have had over 30 years to recover
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(Knop et al. 2004; Priatna et al. 2006; Marshall et al. 280@%t 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 Februdmygust 2015 and MareBeptember
2016.

2.2.2Data 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 weed 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 nos$outh bearing using the initial point as the southern end of the first
transect. The trasects 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 placediyaacording to underlying

land units identified by.aumonier, 199Which were hills, plains and alluvial, with 10 transects being
placed in each land unit (see Fig 3.1). These were characterisdadpey elevation and soil profile with

the plains and alluvial areas having experienced greater levels of exploitation in the past due to their
greater accessibilit.aumonier 1997; Consiglio 2015; Slater 20D&je 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@mvest and ran parallel to each other on a north wesuith 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 tr@idi®etween

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 aldimg transect(Johnson et al. 2005) ransects

were cut along these lines irrespective optgraphy or vegetation to ensure that they adhered to the
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line-transect method assumption that all transects be placaadomly in respect to terrain and were

able to cover a representative sample of both field s{i@sckland et al. 2001; Mathewson et al. 2Q08)
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Figure2-1. Locations of Sikundur and Sei Betin North Sumatra. Bo
sites lie within the boundaries of Gunung Leuser National Park

2.2.3Vegetation survey

Forest structure data were collected by the first author (John Abernethy), Rosanna Consiglio and Helen
Slater together witHield assistantsNI2 ¥ G KS LI NIy SNJ bDhQa o6{h/t AYy |
Data was collectedcross 30, 500m long transeatsSikundur and 9L000m 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 (PQQ&mnhon & Leighton 1994;
Ganzhorn et al. 1997; Ganzhorn 2002; Manduell et al. 2EB&)h sampling point was split into four

j dzZF RN yia aSa 4 dendiculdr th frafskct. Eoii #a&h 9dint theReatels e

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 collecteth at ea
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 n€atestusing a Nikon
Forestry Pro rangefinder by aiming the laser at the highest possible leaf of the tree. Along with tree

height, firstbranchheight was also recorded by measuring to the base of where the first branch
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attached to the trunk using the ranfipder. These two measurements are used to obtain crown size

and are also used to calculate the crown volun@own size was calculated using the formula:

61 €0 AR Y ARWIYO "OQidi oGE®E AHI0S 'O

Theradius 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 reaogdrom four sides this reduced any

potential over or under estimation of crown argarown areas was then calculated using:

01 € 608 QB

In this formulaNr= North radiusSr= South radiy$Vr= West radiusEr=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, wfusigecone, umbrella, bent

over, broken or palms (Tabg1)

Table2-1 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 heighgreater than its width and rounded ends

CONE Cone shaped crown with a wide base that tapers to the top

ggSNIE BOWN Crown which dove tails from the first branches, inverse of the co
(also known as inverse tripod)

UMBRELLA Similar tospheroid or cone but lowest branches tips hang further
down than the base of the branch

BENTOVER 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 ¢gfving 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 apes and radii measurements. These were calculated using the following formulae:
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Crown volune radii standardisation

NSI 0 € TQ0 "Y¢ &0 w'QQ6 +—

EWIi O®i @ Qiion QQoé+——

01 "0Q@WN G'QQO +

Cone and upsidelown cone crown volume:

w B

Spheroid, elongated spheroid and bent over crowns:

® -*0°Yi Omi "Oi

Umbrella shape crowns:

Crown connectivity was measured visuallyelsyimating the proportion of the crown in contact or
enclosed by neighbouring crowns using a four point scal25%, 2650%, 5175% and 76.00%, the
inverse of this gave the exposure of the crowvhftten 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.

2.2.4Nest transects
Nest trarsects were conducted on the same transects as the vegetation transects by the first author

with a team of 12 well trained local field assistar'sNR Y (1 K S  LIN&sLitdrSedss Wwebeh Q &
conducted inJune2015,April2016 and August 2016 in Sikundur datk AugustSeptember2016in

Sei Betungtransects 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 distancéhizom

transect to the centre of the nest was measured using a tape measure as this is utilised along with age
of nest and decay rat® estimate nest densities which was used in Chaptexléng with these

distances the DBH, first bole height (FBH), heiflitee, 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

Page |46



using the Nikon Forestry Pro laser rangefinder to the nearest 0.2m with measurements taken from the

base of the nest.

Nestswere placed into age class#sough consensus between the lead research and trained
observers when uncertajrihese classes wereftective of the decay rate. The classes werdrdsh

leaves, still green;-anix of green and brown leaves; &l leaves turned brown and some holes

forming; and 4all leaves gone and nest falling ap@san Schaik et al. 1995; Hashimoto 1995; Russon
et al. 2001; Felton et al. 2003; Johnson et al. 2005; Spehar et al. Zdi8ubsequent transects any

old nests whih 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
a0l yRINR YSGK2R2f 238 &aSiG 2dzi 0 AntlirdpBogyOrahgditdnNE A { &
Network 2015and used irPrasetyo et al. 2012; Rayadin & Saitoh 20®@8sition 1 at the base of the
branch and close to the main stem; PositicraPthe end of a branch; Position ®p of the tree

crown; Posibn 4- using the branches of two different trees weaved together (there were no Position 0

which are nests that are found on the grourfdie Fid..3).

All nest tree species were identified by trained field assistants. As well as nest trees, all tréeswith
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 tagel the average forest or whether the nest
tree also differed from the trees that wertsidirect neighboursFor 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 recoffleplarate analysis was conductedcctampare
between nest trees that help single nests or multiple nests to determine why those trees may have

contained more than one nest.

2.2.5Data analysis
Unequal variancei S&aGa I f a2 | Yy 2 Bafterwaiie of VeiciBdttadvimiteliestsiviee (

usedto determine whether there was a significant statistical difference between the continuous

structural variables for nest and narest trees for each site along with support availability. This test

was used due to the nenormal distributions and unequal tiances of the data and was

recommended byMoser et al (1989 andRuxton(2006)F & A G LISNF 2 NX A& & A Y AT | NI
test, and the power of the unequal variancé S& G Aa AAYAf I N G2 GKS { GdzR¢
equal (Moser et al. 1989; Moser & Stevens 1992; Coombs et al. 1996; Ruxtoni2®@@S)much better

at controlling for boh Type | and Type Il errors and when variances are unequal it outperforms the

Mann-Whitney U test (in terms of controlling Type | errd@mmerman & Zumbo 1993; Ruxton 2006)

Generalised linear models and generalised linear mixed effects models weireRusing thelme4
(Bates ¢al. 2015) car(Fox & Weisberg 2011ttice (Deepayan 2008nd Matrix (Bates & Maechler

2017)packages. These models wewm ito understand the relationships between nest and noest
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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 ahwls 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 lidor@xdterion)

scores and Likelihoedhtio 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 bBolker et al(2009 andKain et al(2015)

All model iterations were run including an intercept only model using the dredge function of the

MuMIn (Barton 2018package 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 afgéhmodels was then extracted using the maximum

delta DAICc values (which is the difference between the AlCc 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 paform equally wel(Burnham et al. 2002; Burnham & Anderson 2064pm ths subset of best
LISNF2NXYAY3I Y2RSEAQ LI NFYSGSNI SaliayriSa oSNB | @
proportion of models that the parameter was present in. These weights allow for the relative

importance of each parameter to be assesdelbts fromthe model averaging were produced using

the following packages in Bgplot2(Wickham 2009)snakecaséGrosser 2018plyr (Wickham 2011)
sjlabelled(Lidecke 20183)sjPlot(Lidecke 2018m@nd sjmis¢Liidecke 2018c)

Selectivity index

For tree height and DBH integories, 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 tre¢iceliEcBorneo

(Cheyne et al. 2013tanopy selectiofCannon & Leighton 1994hd support uséHunt et al. 1996;
Warren 1997; Manduell et al. 2012)his index standardises the relationship between resource use
and availability to numbers between 1 arid In this instance +1 is indicative of complete preference
and-1 is a complete avoidance of it, O is neutral and suggests that the resource is used in direct

relation to its relative abundance.
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Jacobs DQvascalculated using:

i relative use of a resource (number of nest trees in each data class) as a proportion

n 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 Betamgl 598 were recorded and measured in Sikundur.
However, trees with broken crowns and palms were removed from the analysis as they were
significant outlierglue to both their rarity and unusual crown shapes which heavily skéhedesults

in regards to aswn volumes and crown size

2.3.1Site 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 béfisamly larger in Sikundur

than Sei Betung (Tab®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 Betgr(Table2.2). Comparisons between nest trees and average forest tfees
each siteshowed significant differences for all variables except for first branch height (FBH) Z3ble

In all canopy structure variables except FBH nest trees were founddighificantly larger than nen

nest trees, with FBH showing no significant difference but were higher fonasttrees than nest

trees (Table.3). See Figures $lin Appendix | for boxplots further showing the differences between

nest and nomest trees at each site for each variable.
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Table2-2 Comparison between sites of tree structure characteristics for nest and average forest trees

(nonnest trees) using Welch's t test

DBH= Diameter at Breast HeighBH= First Branch Height

Tree type

Nest

Nonnest
trees

Variables

DBH (cm)
FBH (m)
Tree height
(m)

Crown size
(m)

Crown area
(m?)

Crown
volume (n?)

DBH (cm)
FBH (m)
Tree height
(m)

Crown size
(m)

Crown area
()

Crown
volume (n?)

Mean Variance St OKQ&

Sei Betung | Sikundur Sei Sikundur t* df P
Betung

n=45 n=153 n=45 n=153
21.57+1.63 | 25.22+0.98 119.32 138.38 1.93 77 0.057
4.33+0.28 9.8+0.33 3.52 15.29 1296 155 <0.001
11.26+0.5 17.76+0.46 11.09 31.6 9.67 124 <0.001
6.93+0.42 7.96+0.38 7.58 21.37 1.86 123 0.065
62.53+7.39 | 53.61+2.98 2511.24 1351.86 -1.11 59 0.272
219.21451.03| 263+25.14 68772.84 | 105557.1 0.93 88 0.355
n=720 n=1200 n=720 n=1200
16.98+0.31 | 21.55+0.44 67.49 236.67 8.471 1896 <0.0001
4.1+0.12 9.48+0.15 10.45 26.65 28.058 1915 <0.0001*
9.21+0.16 14.9+0.19 18.24 41.31 22.966 1907 <0.0001
5.11+0.1 5.42+0.11 6.72 14.4 2.163 1887 0.0306
36.35+1.22 | 36.7+1.47 1072.7 2607.37 0.180 1910 0.8568
94.81+7.54 | 152.76+14 40716.03 | 235283.19 3.628 1749 0.0003
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Table2-3 Within site comparisons of tree structure characteristics of nest anehashtrees for

{AldzyﬁdzNJ I-)[I? {37\ Sl’jdzya dza A y 3 2 Sf OKQa G GSai
DBH= Diameter at Breast Height, FBH= First Branch Height
Field site| Variables Mean Variance 2 §f OKQ3a
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 62.53+7.39 36.35+1.22 2511.24 1072.7 3.46 46 0.001
(m?)
Crown volume | 219.21+51.03 94.81+7.54 68772.84 40716.03 3.13 47 0.003
(m?)
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 53.61+2.98 36.7+1.47 1351.86 2607.37 5.1 234 <0.001
(m?)
Crown volume 263+25.14 152.76x14 105557.1 235283.19 3.7 248 <0.001
(m?)

Therandomeffect of field site was tested by using a generalised linear mixed effects model and a
generalised linear model and then using a Likelikmatth ANOVA chi squared test to test whether the
random effect of field site had a significant effect or not.dr&tehad nostatistical significanimpact
dzLR2 Yy  ( K S¢=2 . 80R,$E0T0750 Furthermore, the differencessiim(marginal B and
Rsumme(condition R) as described biakagawa & Schielzeth (20%8) the mixed effects model
showed little difference suggesting that the majoritytbé variance was explained by the fixed effects
in the model (Rsummmi= 0.133, Rsuwme= 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 whiclalblas were most influential in
differentiating nest trees from nonest trees. None of the other 63 candidate models were found to
be within 2 AIC unitdDAICc <2) of the top performing model which was also the full model containing
all of the fixed effect (AICc= 1233.DAICc=0, w=0.406) (Talflé.). This result lends further evidence

to what was found in the initial analysis that nest and st trees differ significantly in both sites for
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most tree architecture variables. The null model performeai§icantly worse than the full model and

was the second worst performing model overall witB&ICc score of 83.27 (Table 3.5.).

Table2-4 Anova chi square test of full models to test the effect of fiegddesi a random effect

Model Df AIC BIC logLik deviance AdjR Chi Chi Pr
sq df (>Chisq)
Tree~Tree.height+DBH+Crown.size+Crown.area+Crown.s 13 1233.1 1306.5 - 1207 0.0790 - - -
+Connectivity 603.48
Tree~Tree.height+DBH+Crown.size+Crown.area+Crownﬁ 14 12318 1311 - 1203.8 0.1023 3.180 1 0.075
+Connectivity+(1|Field.site) 601.89

Table2-5 Top candidate models withAICc <2 and null model fitre comparison between nest trees
and average forest trees

Model Adj R df logLik AlICc  [OAICc weight
Tree~Tree.height+DBH+Crown.size+Crown.area+Crown.shape+Connecti\T 0.107 13 -603.485 12331 O 0.406
model)

Null model \ 0 1 -657.203  1316.4 83.27 0

As only one candidate model was found to havebAhCc score <2 modakeraging was unnecessary.
Parameter estimates from the top performing model (Tahi) lend further weight to the initial
findings and show that of all the parameterspwn 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 treels 0.127, SE= 0.024, P=<0.001). Crown shape anchBBHOR5, SE=
0.009, R0.009) were also highly important having P values <0.01. Cone and-dpsidecone shaped
crowns were found to be the most significantly crown shapes in the model (C shaped bre669,
SE=0.557, P=0.003, UC shaped crbwhh:445, SE=0.55, P=0.009)endrs umbrella and elongated
spheroid crowns were nesignificant (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 teeheight 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 moreicagmitvith trees in the
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connectivity categories >50% both having P values <0.05 whilst connectiagfahad P of 0.092

showing that these less connected trees are less significantly used.

Table2-6 Parameer 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, {dowrJpsiue,
UM=Umbrella

Parameters Estimate Std Zvalue Pr(>|z]) 2.5% Cl 97.5% CI
Error

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 2102 0.036 0.003 0.075
Crown area 0.005 0.002 2502 0.012 0.001 0.009
Crown size 0.127 0.024 5.293 <0.001 0.08 0.175
Connectivity 250 | 0.777 0.461 1686 0.092 -0.066 1.766
Connectivity 505 | 0.906 0.436 2445 0.014 0.123  1.858
Connectivity 7800 | 1.06 0.433 2502 0.012 0.284 2.008
Crown shape ( 1.659 0.557 2979 0.003 0.673 2911
Crown shape E| 1.044 0.581 1.798 0.072 -0.006 2.329
Crown shape { 1.272 0.53 2.398 0.016 0.354 2.485
Crown shape U¢( 1.445 0.55 2.627 0.009 0477 2.688
Crown shape UN 0.846 0.65 1.302 0.193 -0.396 2.226
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Figure2-2 Forest plot of the log odds ratios for the parameter estimate of the top performing GLM
indicating the difference between nest and Awest trees. The red vertical line at 1 is the vertical
intercept denoting no effect.
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Significance levels: * = <0.05, **= <0.01, ***= <0.001

Crown shape categories: C= Cone, ES= Elongated Spheroid, S= Spheroid, UdbwdfiSate, UM=
Umbrella

The forest plot of the estimates in Fig2& shows that crown size @again the most significant

variable, however it also reveals that DBH, cone shaped and ugsigle cone shaped crowns are also
highly significant predictors for predicting between nest and average forest trees with P values <0.01.
Crown area, tree heighgpheroid 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 crownsvedicsho significant

effect.

The marginal effects in Figurd$B,2.3C and2.3D 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 gF8F), with increasing connectivity there is eegter
probability of it being a nest tree, though the increase betweerv5@ connectivity and 7500%
connectivity is less significant suggesting that increasing connectivity over 75% has less effect than it
does when connectivity is >50%. FigRu@Edisplays the increased likelihood of cone, spheroid and
upsidedown cone shaped crowns being nest trees and that fmmtr trees have a significantly lower
probability of being a nest tree than any other crown shape suggesting these may be avoided. DBH
however in Fi.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 great#igence upon the probability of being a nest

tree whilst the scale of influence of DBH is relatively small in comparison.
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Figure2-3 Predicted probabilities for DBH (A), Tree height (B), Crown size (C), Crown area (D), Crow
(E) and Connectivity (F) for the best fittingdel 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
the greater the probability of being a nest tree, the closer to 0% a greater pribpabibeing a nomest tree

Crown shape categories: BO= B@wer, C= Cone, ES= Elongated Spheroid, S= Spheroid, UGddJpside
Cone, UM= Umbrella

LAAyYy 3 WF O2 o ledhvitysthe@ise bfdzgesoRrde redatire to its abundance can be measured
and visualised. In Figu4 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, tiglet herown size and crown
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saplings and emergent trees. Crown shape also follows the predictions of the model with cone and
upsidedown cone shaped craows being most preferred and spheroid crowns being used in equal

amounts to their availability as both are relatively abundant at each field site whilstdyemtcrowns

I NB KAIKE& | @d2ARSR @mdickpAty HySR {. ASHOdel)/Radmetidityd 220030 &
reflects the models for nests in Sikundur however in Sei Betung there is a greater preference for trees

in the 2550% category and a strong avoidance of those >75%. Nests in Sikundur follow the expected

pattern with trees with connectivity <88 highly avoided and those with connectivity >50% preferred.
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Figure2-4 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

Crownshape categories: BO= Bebver, C= Cone, ES= Elongated Spheroid, S= Spheroid, UG= Upside
down Cone, UM= Umbrella
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2.3.2Tress in the close vicinity of the nest (<5m)
As with the comparison of nest trees and average forest trees, nest trees were found to ffieasiggi

larger than those within 5m radius for all variables except for DBH in Sei Betung and FBH in both sites
(Table2.7). When comparing between sites as was noted in the previous section, nest trees in Sikundur

have significantly higher FBH (first bca height) and tree heights than those in Sei Betung, whilst DBH

and crown size were found to show no significant difference (TaBbe For trees within 5m radius of

nest trees trees all variables except crown size were significantly larger in Sikbad8ei Betung
62 St OKNE=8T, P=0.061).

Table2-7 Comparison of nest trees and trees found within 5m radius of the nest tree using Welch's t

test
Field site Variables Means Variance 2 §f OKQa
Nest Within 5m Nest Within 5m t Stat df P
Sei n=45 n=61 n=45 n=61
Betung| pgH (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 11.26+0.5 9.76+£0.41 11.42 10.33 2.326 93 0.022
(m)
Crown size 6.93+0.42 4.74+0.32 7.82 6.28 421 90 <0.001
(m)
Sikundur n= 153 n=598 n= 153 n=598
DBH (cm) 25.65+0.98 21.84+0.63 138.38 233.34 296 297 0.003
FBH (m) 9.840.33 9.82+0.2 15.29 23.63 -0.06 285 0.955
Tree height 17.77+0.46 15.23+0.26 31.6 39.81 485 259 <0.001
(m)
Crown size 7.96+0.38 5.41+0.15 21.37 12.71 6.37 201 <0.001
(m)

Table2-8 Comparison between sites for nest and ima&st trees found within a 5m radius of the nest
trees (within 5m) using Welch's t test

Tree type| Variables Means Variance 2 St OKQa
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 9.84£0.33 3.52 15.29 1296 155 <0.001
Tree height 11.26+£0.5 17.77£0.46 | 11.09 31.6 9.67 124 <0.001
(m)
Crown size 6.93+0.42 7.96+0.38 7.58 21.37 1.87 123 0.065
(m)
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 9.76+0.41 15.23+0.26 | 10.33 39.81 11.26 115 <0.001
(m)
Crown size 4.74+0.32 5.41+0.15 6.28 12.71 -1.9 87 0.061
(m)
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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 tredild site was found to be a significant factor using an ANOVA
OKA &ljdztr NB (S a Rn=TLE8pR R=@001 (Talld A Tresé resdlE Support the initial
Fyrteaira 2F GKS GFINAIFofSa aSLINIYGSte dzaay3a 2 St
Due to its significance, field site was kept within the model and the following results are from the
generalied 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 omAICc scores <2 (Tal€.0.). The best candidate moldsontained 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% thfe 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 suggestirthithhas little

importance in nest site selection when comparing against trees within the immediate vicinity of the

nest tree.

Table2-9 Assessment of the importance of field site as a random effect imtikelling of the
interaction between nest trees and trees within 5m of nest trees

Model Df AIC BIC logLik deviance AdjiR Chisq Chi Pr

df (>Chisq)
Tree~Tree.height+DBH+Crown.size+Conne¢( 12 839.71 896.68 - 815.71 0.1801 - - -
+Crown.shape 407.85
Tree~Tree.height+DBH+Crown.size+Connect 13 723.19 784.9 - 679.19 0.3529 11852 1 <0.001
Crown.shape+(1|Field.site 348.59

Table2-10 Top candidate models based @alCc scores <2 for nest treegreges within 5m of the nest

tree
Model AdjR  df logLik AICc delta  weight
Tree~Crown.shape+Crown.size+[\ 0.3517 9 -349.036 716.3 0 0.503
Tree~Crown.shape+Crown.size+DBH+Tree .l 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 O

The modelaveraged parameter estimates for the candidate models show that the parameters which
have the greatest influence upon nest site selection are crown lsi® 191, SE= 0.03yalue= 6.36 P=
<0.001) and upsiddown cone shaped crown®€1.843, SE= 0.69, z value= 2.67, P=0.008) (Table

2.11.). This suggests that there may be a selection for upiglen cone shaped trees and for those
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with larger crown sizes. DBH was also higlggiBcant as a variabléd£-0.017, SE= 0.01, z value= 1.98,
P=0.048) thé 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.

Table2-11 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, Lidwh ote, UM=
Umbrella

Paraméers Estimate Std Error Adj SE Zvalue Pr(lz) RI 2.5% Cl 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| 1.241 0.653 0.653 1.899 0.058 1 -0.040 2.522
shape C
Crown| 0.180 0.681 0.682 0.264 0.792 -1.156 1.517
shape ES
Crown| 1.081 0.614 0.615 1.759 0.079 -0.124 2.287
shape S
Crown| 1.842 0.689 0.690 2.669 0.008 0.489 3.194
shape UC
Crown| 0.482 0.812 0.813 0.593 0.553 -1.112 2.077
shape UM
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Figure2-5 Forest plot of the odds ratios of parameters from the top 3 candidate
models of the multmodel inference for the interaction between nest trees and nc
nest trees found within 5m radius of the nest tree

Significance levels: * = <0.05, **= <0.01, **=Gl

Crown shape categories: C= Cone, ES= Elongated Spheroid, S= Spheroid, UC:
down cone, UM= Umbrella

The forest plot of the odds ratios for the parameter estimates of the top candidate mode&%Hig
further supports the previous results showing that crown size and upligen cone shaped crowns
have the greatest impact upon the models. Figuzéa,2.6b and2.6¢c 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 Eiggiferther
display thesignificant preference for building nests within upsui®vn cone and cone shaped crowns

and further shows how rarely bemiver crowns are used for nest sites.
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Figure2-6 Marginal effects plots of DBH (Ajree height (B), Crown size (C) and Crown shape (D) for the
model averaged parameters of the best candidate models determined through model averaging and
BAICc scores <2 for the interaction of nest trees and those within 5m radius of the nest trdetsThe p
show the predicted probability of a tree holding an orangutan nest based upon each variable.

Crown shape categories: BO= Bewér, C= Cone, ES= Elongated Spheroid, S= Spheroid, UC= Upside
down Cone, UM= Umbrella

¢tKS WI 02004 5 Winésuzéompardto theSreeS Within SA(EIGE) 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 witgtiesthgreference

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 tH20bh% height range and showed a
highly significant preference valwé 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. Berdver and broken crowns as well as palms have all ie@md to be highly

avoided as nest sites by orangutans. Upside/n 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 availabilitgt that site. Spheroid crowns were more highly preferred in Sei Betung
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and similar to upsidelown 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 signitisaats of preference

or avoidance in each site.
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Figure2-7 Jacob's D values for selectivity for the variables; DBH (A), Tree height (B), Crown size (C)
Crown shape (D) for nest trees in Sei Betung and Sikundur when compared against trees within 5m

nest tree.

Crown shape categories: BBentover, C= Cone, ES= Elongated Spheroid, S= Spheroid, UCGddnside
Cone, UM= Umbrella

Page |62



2.3.3Tree 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 lslild nes

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 degresadéctivity 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 genullephelium the genudPolyalthiaand Shorea spas they were some of the most
FNBljdSyGfte dzASR F2NJ ySad odzAf RAY 3 2B yTRerefle &soa A 3y
number of genera/species which were more common around nests but found to be highly avoided for

nests building suchsBridelia tomentosa, Callerya atropurpurea, Elaeocarpus sp., Eleais guinensis,

Phyllanthus sandVitex pinnata(Fig2.8.).
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Figure2-8 Jacobs D values of selectivity for nest trees compareeds found within 5m of nest trees for ¢
Betung and Sikundur
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Figure2-9 Histogram of proportions of tree species used for nest treekumd@ir and Sei Betung

When looking at the transect data for Sei Betung, the forest composition in Sei Betung was dominated
by trees belonging to thEuphorbiaceaand Phyllanthacieadamilies which accounted for 38.8% and
20.2% of all trees recorded &t 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 SCRHif (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 accaied 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 sit&.9B5id his suggests

that Sikundur is both a much more diverse forest in terms of species and a moredeeus forest

also in terms of tree diversity when compared to Sei Betung.

Table2-12 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 Around Nest tree
forest nest

Sei Betung 53 21 14

Sikundur 184* 43 44
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2.3.4Multiple 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 difnces were found between single nest trees and
those that held multiple nests in Sikundur except for tree height which showed that trees holding

YdzZf GALIX S ySada oSNB aiA3ayarTioOlr yaA3w,a=34,P£0of0ZNIn Sk | v
Beidzyd VYdzZ GALX S ySald GNBSa oBARFERQP=-061673a0dshdwedny U
AAIYATAOFyOS NB3II NRAOB =38, A= 0.51R){iNGvEeMEr, all otBel @rialiles (i I
were found to be significantly larger in multiplestérees 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.

Table2-13 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 2 S5f OKQ4&

Single  Multiple Single nest Multiple tStat  df P

nest nest nest
Sei n=27 n=18 n=27 n=18
Betung 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 (9 39.79 82.43 841.28 3187.48 -3.24 35 0.003
Crown volume (rf) 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 (1) 5453 49.55 1431.14 1016.83 0.72 46 0.475

Crown volume (i) 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 Likelinatiol 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;
L%in=1.44, P=0.2296, therefore the simper generalised linear model with a binomial error structure

was used for the further analysis (TaBl&é4). FBH and crown volume were removed from the models

due to multicollinearity and VIF scores >5. Two candidate nsadlefe identified wittDAICc 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 é 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 (Tab®.

Table2-14 Results of anova chi squast 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 Chisq Chi Pr
R"2 df  (>Chisq)
Multiple~Tree.height+DBH+Crown.size+Connectivity+Crown., 13 204.66 247.41 - 178.66  0.3226
+Crown.area 89.332
Multiple~Tree.height+DBH+Crown.size+Connectivity+Crown. 14 205.22 251.26 - 177.22 0.3309 1.4435 1 0.2296
+Crown.area+(1|Field.site 88.611

Table2-15 Best candidate models for explaining the difference between single nest trees and multiple
nest trees by AICc scores <2

Model AdjR"2 df logLik AICc delta weight
Multiple~Connectivity+Crown si, 0.253 5 -95.201 200.7 O 0.165
Multiple~Connecitivity+Crown size+D 0.2596 6 -94.656 201.8 1.04 0.098
Multiple~Connecitivity+Crown area+Cro 0.2685 7 93.924 2024 1.72 0.07

size+DBF
Multiple~Connectivity+Crown area+Crown { 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 2932 0

Model averaging found that yet again crown size was the most important variable, #lgathe only
parameter estimate to have a highly significant valre( 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 suggestsidy 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 multiplérees tend to

be those with larger crown size and area but lower DBH and most frequently in trees with connectivity
of 2550% (Tabl@.16).
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Table2-16 Model averaged parameters from the top candidated®is of the interaction of single nest
trees and multiple nest trees

Parameters Estimate Std Error Adj SE Z value Pr(lz]) RI 25% Cl  97.5% ClI
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 250% | 1.456 0.930 0.936 1.557 0.1196 1 -0.377 3.290
Connectivity 505% | -0.318 0.894 0.899 0.354 0.723 -2.081 1.444
Connectivity 7800% | -1.288 0.911 0.917 1.405 0.160 -3.085 0.508

The forest plot in Figur2.10 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 260% and >75% are better at predicting that eetie 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 negativelyoerelated with the probability of holding multiple nests but are more

positively associated with greater probability of having a single nest. Crowns with connectigidy®5

are almost three times more likely to hold multiple nests than those with a cdiwitycof 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 andawn area display the opposite.

0.‘{9
Tree height - -+
107
Crown size 1 -
1.01
Crown.area 1 L
1.59
Connectivity 25-50 *
0.56
Connectivity 50-75 1 -
0.16
Connectivity75-100 ‘ »
0.01 0.05 0.1 05 1 5 10
Odds Ratios

Figure2-10 Forest plot for the parameters of the best candidate model
testing single nest vs multiple nest trees
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